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Graphics Double Data Rate 7 SGRAM Standard (GDDR?7)

(From JEDEC Board Ballot JCB-26-01, formulated under the cognizance of the JC-42.1 subcommittee on
Graphics RAMs (GDDRX), item 1860.99E).

1  Scope

This standard defines the Graphics Double Data Rate 7 (GDDR7) Synchronous Graphics Random Access
Memory (SGRAM) specification, including features, functionality, package, and pin assignments.

The purpose of this standard is to define the minimum set of requirements for 16 Gb through 64 Gb x8 quad
channel GDDR7 SGRAM devices. System designs based on the required aspects of this standard will be
supported by all GDDR7 SGRAM vendors providing compatible devices. Some aspects of the GDDR7
standard such as AC timings and capacitance values were not standardized. Some features are optional and
therefore may vary among vendors. In all cases, vendor data sheets should be consulted for specifics. This
document was created based on some aspects of the GDDR6 Standard (JESD250) and other JEDEC device
standards.
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2 Overview, Definitions, and Organization

2.1 Features

4 separate independent channels with point-to-point interface for data, Command Address (CA), and clocks
Common differential clock inputs WCK_t/WCK ¢ per channel for the data bus (DQ, DQE) and the CA bus
Double Data Rate (DDR) Data bus (with regards to the WCK)

High-speed data signaling using PAM3; low speed data signaling option for NRZ
Single ended or differential Read clock (RCK) per channel

Single Data Rate (SDR) CA bus (with regards to the WCK); NRZ input with single and multicycle commands
ERR signal (PAM3 coded) for communicating WRCRC and CAPAR errors

CA Parity (CAPAR) and CA Parity with command blocking (CAPARBLK)

16 internal banks per channel

32n prefetch architecture: 256 bit per array read or write access per channel

Burst length: 16 Symbols (PAM3) or 32 (NRZ)

Programmable READ and WRITE latency

Command Address bus inversion (CABI)

Command Address bus training: command address input monitoring by DQ signals
Data read and write training via READ FIFO or LFSR

READ FIFO pattern preload by LDFF command

PRBS 11 or 15 with programmable seed for LFSR Training

LFSR burst error counter for Write training

Lane masking, inversion, and pattern shift for LFSR training

Eye masking for LSFR or FIFO mode training

ERR signal training

CA Oscillator (CAOSC)

Read/Write data transmission integrity secured by cyclic redundancy check
READ/WRITE CRC on/off mode

Programmable DQE latency and WRCRC2ERR latency

On-chip temperature sensor with read-out

Auto precharge option for each burst access

Auto refresh (16k cycles) with all-bank and per-bank options

Self Refresh, Sleep, Self Refresh Sleep and Hibernate Self Refresh Sleep modes
Temperature Controlled Self Refresh rate

Frequency change sequence and Dynamic Voltage Sequence (DVS) support including FDMR
CSP command for Sleep to synchronous operation

CSP feedback for confirmation that device received CSP command

Info Read for device identification and status information

On-die ECC with error severity reporting during Reads

Data Path Protection (optional) for end-to-end burst transfer data integrity protection
Refresh Management (RFM), Adaptive RFM and Directed RFM

Post package repair support (hPPR)

On-die termination (ODT)

Impedance calibration with external reference resistor (120 Ohm)

Programmable termination and driver strength offsets for DQ/DQE/RCK

Internal VREF for data inputs and CA inputs with programmable levels
4-channel/2-channel mode configuration set at power-up with CA0_A and CA0_C
1.2 V +/- 0.036 V supply for device operation (VDD)

1.2V +/-0.036 V supply for I/O interface (VDDQ)

1.8 V+0.108 V/-0.054 V supply for VPP

266 ball BGA package with 0.73 x 0.75 mm pitch
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2.2 Functional Description

The GDDR7 SGRAM is a high-speed dynamic random-access memory designed for applications requiring
high bandwidth. The device’s architecture consists of four byte wide fully independent channels. GDDR7
uses a 256b per read and write array access architecture and a DDR PAM3 interface to achieve high-speed
operation. In PAM3 mode the byte consists of ten DQ and one DQE signal. See the PAM3 section for
details on high speed I/O signaling. GDDR?7 also includes an NRZ I/O signaling mode for low power
operation that has a byte definition that includes eight DQ and one DQE.

GDDR?7 devices contain the following number of bits:
16 Gb has 17,179,869,184 bits
24 Gb has 25,769,803,776 bits
32 Gb has 34,359,738,368 bits
48 Gb has 51,539,607,552 bits
64 Gb has 68,719,476,736 bits

The GDDR7 SGRAM'’s high-speed interface is optimized for point-to-point connections to a host
controller. On-die termination (ODT) is provided for all high-speed interface signals to eliminate the need
for termination resistors in the system.

GDDR?7 operates from a differential clock WCK t and WCK _c. WCK is common to both Command
Address (CA) and DQ buses.

Command and Address (CA) are registered at every rising edge of WCK. GDDR?7 uses a separate 4n-cycle
(nCK4) Row Command bus and 4n-cycle (nCK4) Column Command bus. Row Command Address is

11-bit that contains command, bank address, row address, op code, and etc. via CA[2:0]. Column Command
Address is 7-bit that contains command, bank address, column address, etc. via CA[4:3]. There are both
single nCK4 cycle and multi nCK4 cycle commands. See the COMMAND TRUTH TABLE section for details.

The row and bank address to be accessed is registered coincident with the Activate command. The address
bits registered coincident with the Read or Write command are used to select the bank and the starting
column location for the burst access. Read and write accesses to GDDR?7 are burst oriented; accesses start
at a selected location and consists of a total of sixteen symbols in PAM3 mode and thirty-two data words
in NRZ mode. Accesses begin with the registration of an Activate command, which is then followed by a
Read or Write command.

GDDR?7 includes several features to improve the integrity of data including OD-ECC, CRC, hPPR, CA
Parity, and CAPAR with Command Blocking. See the D474 INTEGRITY section for more details.

Prior to normal operation, the GDDR7 SGRAM is required to be initialized. The /NITIALIZATION section
provides detailed information covering device initialization.

This standard includes all features and functionality required for GDDR7 SGRAM devices both in PAM3
mode and NRZ mode. In many cases the GDDR?7 standard describes the behavior of a single channel.
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2.3 Definition Of Signal State Terminology

GDDR7 SGRAM will be operated in both ODT Enable (terminated) and ODT Disable (unterminated)
modes. For the highest data rates it is recommended to operate in the ODT Enable mode. ODT Disable
mode is designed to reduce power and may operate at reduced data rates. There exist situations where ODT
Enable mode cannot be guaranteed for a brief period of time, i.e., during power up.

The following are four terminologies defined for the state of a device (GDDR7 SGRAM or controller)
signal during operation. The state of the bus will be determined by the combination of the device signal
connected to the bus in the system. For example, in GDDR?7 it is possible for the SGRAM signal to be
tristate while the controller signal is HIGH or ODT. In both cases the bus would be HIGH if the ODT is
enabled. For details on the device’s signals and their function see the SIGNALS section.

Device signal level:

e HIGH: A device signal is driving the Logic “HIGH” state in NRZ mode and “+1”” in PAM3 mode.
See the PAM3 section for more details on PAM3 levels.

e LOW: A device signal is driving the Logic “LOW?” state in NRZ mode and “-1” in PAM3 mode.

e High-Z: A device signal is tristate.

e ODT: A device signal terminates with ODT setting, which could be terminating or tristate
depending on Mode Register setting.
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2.4 Clocking

The GDDR7 SGRAM supports two operating modes for WCK frequency which differ in the DQ[9:0]/DQE
to WCK clock frequency ratio. The GDDR7 SGRAM supports NRZ mode and PAM3 mode operating
modes for WCK frequency which differ in the DQ[9:0]/DQE to WCK clock frequency ratio.

FIGURE 1 illustrates the difference between an NRZ mode and a PAM3 mode.

Each channel of a GDDR7 SGRAM includes a single differential clock pair WCK_t/WCK_c for latching
command/address (CA) inputs, for latching write data and for driving read data. Command and Address
(CA) are registered at every rising WCK edge.

A rising WCK edge is defined as the crossing of the positive edge of WCK t and the negative edge of
WCK c. A falling WCK edge is defined as the crossing of the negative edge of WCK t and the positive
edge of WCK c.

CK4 (int.) is quarter rate of WCK frequency for internal clocking and for AC timings. For commands that
span multiple CK4 cycles the last CK4 cycle of a command is the reference point for all related AC timings
and latencies. Timing diagrams are drawn accordingly.

Table 1 — Example of WCK and Interface Signal Frequency Relationship

Signal PAM3 mode NRZ mode UNIT Notes
CK4 (int) 1.75 0.5 GHz 1
WCK t, WCK ¢
7 2 GHz
RCK_t, RCK ¢
CA[4:0] 7 2 Gbps/pin
- 4 Gbps/pin
DQ[7:0], DQE
14 - Gbaud/pin 2
DQJ9:8] 14 - Gbaud/pin 2

NOTE 1 CK4 (int.) is an internal clock that is referenced e.g., by cycle based AC Timings and latencies.

NOTE 2 The 14 GBaud in PAM3 mode corresponds to a data rate of 28 Gbps over 8 DQs or a per-channel memory
bandwidth of 28 GB/s.
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2.4 Clocking (cont’d)

PAM3 mode

CK4 (int.)

WCK ¢
WCK t

CA
RCK _c
RCK_t

DATA

NRZ mode

CK4 (int.)

WCK ¢
WCK t

CA

RCK_c¢
RCK_t

DATA

VA

B'akaiata’aa’ata

_/

N/ )\

'at/ata’lalaataala'alwmawa’awm'almiawaay

(WIW W WL WLW W WO W (W W0 W W W W W W W W

Figure 1 — GDDR?7 Clocking and Interface Relationship

f/4 (i.e. 1.75GH2

f (i.e.7 GHz)

f (i.e.7 Gbps)

f (i.e.7 GH)

4f (i.e. 28 Gbps
or 14 Gbaud)

f/4 (i.e.0.5 GHz)
f (i.e.2 GH2

f (i.e.2 Gbps)

f (i.e.2 GH)

2f (i.e.4 Gbps)
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2.4 Clocking (cont’d)

The GDDR7 SGRAM supports two operating modes for WCK frequency which differ in the DQ[9:0]/DQE
to WCK clock frequency ratio. The GDDR7 SGRAM supports NRZ mode and PAM3 mode operating
modes for WCK frequency which differ in the DQ[9:0]/DQE to WCK clock frequency ratio.

FIGURE 1 illustrates the difference between an NRZ mode and a PAM3 mode.

Each channel of a GDDR7 SGRAM includes a single differential clock pair WCK_t/WCK_c for latching
command/address (CA) inputs, for latching write data and for driving read data. Command and Address
(CA) are registered at every rising WCK edge.

A rising WCK edge is defined as the crossing of the positive edge of WCK t and the negative edge of
WCK c. A falling WCK edge is defined as the crossing of the negative edge of WCK t and the positive
edge of WCK c.

CK4 (int.) is quarter rate of WCK frequency for internal clocking and for AC timings.

GDDR7 PHY GDDR7
| |
Error handing ——Q D 4—Q—;—0:)—;—Q4— Q Dje CRC / Parity
Y ERR
(1.75 Gbps) ¢—

CMD/ADD sampled by WCH t/WCK_c as SDR

[Fvea J—p a - L] 0 o > P
7y CA [4:0] | 3

CADT Alignment

| 1/4

- PLL/DLL N

OSET > oy i D — e P B
il D T

[ I (7 GHz)

.| Clock Phase

READ/WRITE Training

|
|
|
|
|
|
|
|
(7Gbps) | |
|
|
|
|
|
|
|
|
|

' RCK
— e T S

RCK /RCK ¢ !
(7 GHz) : t ¢
1

Figure 2 — Block Diagram of an Example Clock System
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2.5 Addressing

GDDR7 SGRAMs use a single data rate command address scheme on the device. The command and
addresses is packetized on 5 CA signals (CA[4:0]) over either single CK4 cycle or multi CK4 cycles
depending on the command (see COMMAND TRUTH TABLE).

To enable higher performance, GDDR7 SGRAMs provide semi-independent row and column command
interfaces for each channel. These interfaces increase command bandwidth by allowing read and write
commands to be issued simultaneously with other commands like Activate and Precharge commands. See

Row AND COLUMN COMMANDS.

GDDR7 addressing is defined for a single channel with devices being configured to either 2 or 4

channels/device.
Table 2 — Addressing Scheme
Memory 16 Gb 24 Gb 32 Gb 48 Gb 64 Gb
Density 17,179,869,184 25,769,803,776 34,359,738,368 51,539,607,552 68,719,476,736
Device 4 CH 2 CH 4 CH 2 CH 4 CH 2 CH 4 CH 2 CH 4 CH 2 CH
Organization Mode | Mode | Mode | Mode | Mode | Mode | Mode | Mode | Mode | Mode
Number 4 2 4 2 4 2 4 2 4 2
channels
Channel Density | 4 Gb 8 Gb 6 Gb 12 Gb 8 Gb 16Gb | 12Gb | 24Gb | 16Gb | 32Gb
Array Pre-Fetch
(bits, per 256 256 256 256 256
channel)
Bank address
(per channel) | PALO) BA[3:0] BA[3:0] BA[3:0] BA[3:0]
Number Banks
(per channel) 16 16 16 16 16
Row address ) ) ) ) ) . . ) ) )
(por channely | RUFO] | RU40D | RU40] | RUIS0] | R(I40] | R{IS0] | R{IS0] | R{160] | R{150] | R{160]
Number of Rows |, 100 | 35768 | 24576 | 49152 | 32768 | 65536 | 49,152 | 98304 | 65536 | 131072
(per channel)
Column address | s, | 1501 | crsi0] | o0 | cs:op | csop | crsio | ooy | s | sl
(per channel) : : : : : : : : : :
Page Size 2K 2K 2K 2K 2K 2K 2K 2K 2K 2K
(per channel)

NOTES:

1. The column address notation for GDDR7 does not include addressing within the prefetch of 256 bits as the burst order is
always fixed for READ and WRITE commands.

2. Page Size = 2*COLBITS * (Prefetch Size/8) where COLBITS is the number of column address bits. For 48 Gb and 64 Gb
density devices that implement 4K physical page size, a RA bit is used to select the addressed half of the open 4K page.

3. Row address range with R[15:14] = 11 for 2 CH mode and R[14:13] = 11 for 4 CH mode is not present for 24 Gb density.
4. Row address range with R[16:15] =11 for 2 CH mode and R[15:14] = 11 for 4 CH mode is not present for 48 Gb density.
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2.6 Command Address Bus Inversion (CABI)

Command Address Bus Inversion (CABI) reduces the power requirements on Command Address (CA)
bus, as the number of CA lines driving a LOW level can be limited to 10-bit in 20-bit of 4-cycle Row and
Column CA per channel.

The Command Address Bus Inversion function is associated with the electrical signaling on the CA lines
between a controller and the device, regardless of whether the information conveyed on the CA lines is a
row or column address, a command, a mode register op-code, par, or any other pattern.

Once enabled by the corresponding CABI Mode Register bit, the GDDR7 SGRAM will invert the pattern
received on the CA inputs in case CABI was sampled LOW, or leave the pattern non-inverted in case CABI
was sampled HIGH, as shown in FIGURE 3. If CABI is disabled (MRO OP0=1), CABI (CA1 of Oth clock
cycle) bit is “Valid” (V) but it is recommended to be set to HIGH.

CA bits [ vi 18 to
command
decoder

CABI bit

from Mode Register:
0 =enabled
1 = disabled

Figure 3 — Example of Command Address Bus Inversion Logic

2.7 Command Address Parity (CAPAR) Definition

The convention of parity is even parity, i.e., valid parity is defined as an even number of ones across the
inputs used for parity computation combined with the parity signal. In other words, the parity bit is chosen
so that the total number of 1’s in the 20-bit, including the parity bit is even. If CAPAR is disabled (MR15
OP0=0), CAPAR bit (CA4 of 3rd clock cycle) is “Valid” (V) but it is recommended to be set to HIGH. See
the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL section for more details.

Table 3 — Example of CAPAR (Even Parity)

‘1’ count Command Address (19-bit) CAPAR
even 000 0000 0000 1111 1111 LOW

odd 000 0000 0001 1111 1111 HIGH
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2.8 CABI and CAPAR Order

The flow diagram in FIGURE 4 illustrates the CABI and CAPAR operation. The controller decides
whether to invert or not invert the data conveyed and then make even parity with CAPAR on the CA
lines. The GDDR7 SGRAM must perform the reverse operation based on even parity with CAPAR and
the level of CABI. CA input timing parameters are only valid with CABI being enabled and a maximum
of 9 CA inputs driven LOW in 4-cycle CA BUS.

Memory

Controller Set CABI bit=1

v

Set 18 CA bits
(w/o CABI or CAPAR)

Calculate CAPAR bit

\/

Determine count
(18 CA bits + CABI + CAPAR)

r No — count>107? —Yesn

Don’t Invert Invert
(all 5x 4 = 20 bits) (all 5x 4 =20 bits)
CABI = High CABI = Low
V} 1 I \ 4
Don’t invert command ek Invert command
(18 CA bits) Check CA Parity (18 CA bits)
Decode command * If error after Check CA Parity
ERR = TBD

v

CA Parity Block

GDDR?7 +

SGRAM CA Bus Training SRF

NOTE 1 18-bit is 4-cycle of CA bus excluding CABI (0" clock cycle CA1) and CAPAR (3™ clock cycle CA4)
NOTE 2 CABI(MRO OP0), CAPAR (MRO15, OP0) and CAPARBLK (MRO015 OP1) are enabled for illustration
NOTE 3 If CABI and CAPAR are disabled, CABI bit & PAR bit are “Valid” (V), but they are recommended to be set to HIGH.

Figure 4 — Command Address Bus Inversion (CABI) and Command Address Parity (CAPAR)
Flow Diagram
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29 PAM3
2.9.1 PAMS3 Signaling and Encoding Conventions

The GDDR7 SGRAMSs can be configured to use a PAM3 I/O system for the data interface (DQ[9:0], DQE).
PAM3 works with point-to-point signaling between driver and receiver. PAM3 is enabled by setting MRO
OP8 to 1.

The PAM3 signaling transmits a ternary digit (or trit) per U.I. using three distinct signal levels in a balanced
signed-digit representation (+1, 0, -1). Each PAM3 symbol is internally represented by two bits, although
only three combinations are valid as shown in T4BLE 4.

Table 4 — PAM3 Signal Levels

Binary PAM3 Symbol Nominal Voltage Level
[MSB:LSB] (Ternary Digit) [%Vbbo]'
11 +1 100.0%
10 Invalid -
01 0 75%
00 -1 50%
NOTE 1 Refer to the OrErRATING CONDITIONS section for absolute VDDQ voltage levels.

2.9.2 PAMS3 Burst Encoding

In PAM3 mode GDDR7 SGRAMSs transfer a total of 176 symbols per burst access over 11 data lines (BL
16 x 11 DQs = 176 Symbols). Write data is PAM3 decoded before written to the memory array, read data
is PAM3 encoded before it is transmitted. The maximum burst data payload is 276 bits, as in the case of
read direction when CRC and poison are enabled (256 data bits + 18 CRC bits + 1 Severity bit + 1 Poison
bit).

To avoid CRC error multiplication, reduce static termination power and to maximize the relationship
between encoding efficiency and implementation simplicity, the GDDR7 makes use of different types of
PAM3 encoders/decoders, as shown in F/GURE 5 and FIGURE 6.

e 11b7S: eleven-bits-to-seven-symbols encoder/decoder for efficient data coding. The
encoder/decoder truth table is shown in 74BLE § and a recommendation for efficient
implementation of the encoder/decoder is provided and explained in SECTION 2.9.3.

e 3b2S: three bits-to-two-symbols encoder/decoder for DC balanced encoding, as defined in 74BLE
5. Instances of this encoder are used to encode the CRC (in PAM3 and NRZ modes), and in
PAM3 mode for LFSR training and the 3 bits of data remainder on DQ4 (see FIGURE 7). This
encoder is also used in DPP mode (if the device supports this optional feature) to encode poison,
please check DATA PATH PROTECTION (DPP) section for details.

e 2b1S: two-bits-to-1-symbol encoder/decoder for Severity and Poison, as in 74B8LE 6. Note that
SEV/PSN are mutually exclusive, Severity prevails over Poison.

The total burst transfer payload per channel is encoded using 23 x 11b7S and 1 x 3b2S for the data, 6 x
3b2S for the CRC and 1 x 2b1S for the SEV/PSN, it adds up to the 176 PAM3 symbols that can be allocated
fora 16 burst over 11 data lines. The logical to physical lane mapping, burst order and bit-to-symbol encoder
grouping is shown in FIGURE 7.
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2.9 PAMS3 (cont’d)

DRAM CORE

Data (253 b) 11b7S 161 S
(x23)
Data (256b)
Scrambler!
i
i Data (3 b) 3b25 28 164 S CRC 18b_| 3p2s
E (x1) (x6)
8
/
164 S
On Die ECC PSN, SEV (2b) 2b1S 15
& Poison (x1)

125 176 S

HOST

NOTE 1: The scrambler block performs a bitwise XOR operation on the array read data before PAM3 encoding using the

scrambler code as programmed in MR20. Please refer to the S747/¢C DAT4 SCRAMBLER section for details.

Figure 5 —Burst Data Payload Encoding Diagram (Read Operation)

12S 176 S

Data (253b) | 11b78 1615
(x23)

Data (3 b) 3625 25 1645S_| CRC |18b| 3ppg

Write
1) Checle x6)
164 S
PSN! (1 b) 2b1S 18

1)

Severity flag is not transmitted during write operation.

During Writes, the DRAM computes the CRC on the received data, and the result is compared with the 18 bits CRC
received from the host, a mismatch is reported back to the host on the ERR pin as CRC Write Error.

Data (256 b)
Scrambler?
=
e
= &
8 s
= 8
<
~
A
On Die ECC
& Poison
NOTE 1
NOTE 2
NOTE 3

The scrambler block performs a bitwise XOR operation on the data after PAM3 decoding before writing it to the array
using the scrambler code as programmed in MR20. Please refer to the S7.47/¢C D474 SCRAMBLER section for details.

Figure 6 —Burst Data Payload Decoding Diagram (Write Operation)

HOST
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PAMS3 (cont’d)
Table 5 — 3b2S Encoder for CRC, Data Remainder, and LFSR Training
3b2S PAM3 Encoder/Decoder Truth Table
3 Bits Internal Binary Representation 2 Trits
MSB LSB S1IMSB | SILSB | SOMSB | S0 LSB
b2 b1 b0 b3 b2 b1 b0 S1 S0
0 0 0 0 1 0 0 0 -1
0 0 1 0 0 1 1 -1 +1
0 1 0 1 1 0 0 +1 -1
0 1 1 0 1 1 1 0 +1
Invalid 0 1 0 1 0 0
1 0 0 0 0 0 0 -1 -1
1 0 1 0 0 0 1 -1 0
1 1 0 1 1 0 1 +1 0
1 1 1 1 1 1 1 +1 +1
Table 6 — Severity and Poison 2b1S Encoder/Decoder
2b1S PAM3 Encoder/Decoder for SEV/PSN
2 Bits Binary 1 Trit
SEV PSN b1 b0 SO
1 X 0 0 -1
0 1 0 1 0
0 0 1 1 +1
NOTE | During read operation Severity has precedence over Poison, therefore Poison flag is

“don’t care” when Severity flag is set. During write operation SEV flag is always 0,

hence only +1 and 0 input levels are allowed.

NOTE 2

MRO OP9 (Severity) shall be turned on when MRO OP10 (Poison) is enabled. When
Poison is enabled, it is enabled for both RD and WR operations. When Poison

and/or Severity are disabled, their default value will be set to ‘0°.

NOTE 3

section for details.

In Data Path Protection Mode (optional feature), this encoder is encoding the DPP
parity bit instead of the poison, please check D474 PArH PROTECTION (DPP)
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2.9 PAMS3 (cont’d)

Table 7 — Severity and Poison Encoding in NRZ

NRZ Encoder/Decoder for SEV/PSN

2 Bits 2 Binary Symbols on DQE

SEV PSN S1 PSN SO0 SEV

1 X X L

0 1 L H

0 0 H H

NOTE 1

NOTE 2

NOTE 3

During read operation Severity has precedence over Poison, therefore in the SEV event,
Poison flag is “don’t care” meaning that the signal level must be valid (H or L), but that
the PSN information is not valid. During write operation SEV flag is always 0.

MRO OP9 (Severity) shall be turned on when MRO OP10 (Poison) is enabled. When
Poison is enabled, it is enabled for both RD and WR operations. When Poison and/or
Severity are disabled, their default value will be set to ‘0°.

Data Path Protection is an optional feature, please check D474 PArH PROTECTION (DPP)
section for details on the PSN and SEV encoding in DPP NRZ mode.
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2.9 PAMS3 (cont’d)
Table 8 — 11b7S Encoder/Decoder Table
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]

0x000 | 0x447 0x100 | 0x1047 [ 0x200 0xc47 0x300 | 0x3047 [ 0x400 | 0x1447 | 0x500 | 0x3447 | 0x600 | OxIc47 | 0x700 0x3c47
0x001 0x444 [ 0x101 | 0x1044 | 0x201 Oxc44 0x301 | 0x3044 [ 0x401 | 0x1444 | 0x501 | 0x3444 | 0x601 | Oxlc44 | 0x701 0x3c44
0x002 | 0x445 0x102 | 0x1045 | 0x202 0Oxc45 0x302 | 0x3045 [ 0x402 | 0x1445 | 0x502 | 0x3445 | 0x602 | OxIc45 | 0x702 0x3c45
0x003 0x441 0x103 | 0x1041 [ 0x203 0Oxc4l 0x303 | 0x3041 [ 0x403 | Ox1441 | 0x503 | 0x3441 [ 0x603 | Oxlc4l | 0x703 0x3c41
0x004 | 0x453 0x104 | 0x1053 | 0x204 0xc53 0x304 | 0x3053 [ 0x404 | 0x1453 | 0x504 | 0x3453 | 0x604 | OxIc53 | 0x704 0x3¢53
0x005 0x450 0x105 | 0x1050 | 0x205 0xc50 0x305 | 0x3050 | 0x405 | 0x1450 [ 0x505 | 0x3450 | 0x605 [ 0x1c50 | 0x705 0x3c50
0x006 | 0x451 0x106 | 0x1051 | 0x206 0xc51 0x306 | 0x3051 [ 0x406 | 0x1451 | 0x506 | 0x3451 [ 0x606 | Oxlc51 | 0x706 0x3c51
0x007 | 0x405 0x107 | 0x1005 | 0x207 0xc05 0x307 | 0x3005 [ 0x407 [ 0x1405 | 0x507 | 0x3405 | 0x607 | 0x1c05 | 0x707 0x3c05
0x008 0x44f | 0x108 [ 0x104f | 0x208 Oxc4f | 0x308 | 0x304f | 0x408 | Ox144f [ 0x508 [ 0x344f | 0x608 | Oxlc4f | 0x708 0x3c4f
0x009 0x44c 0x109 | 0x104c | 0x209 Oxcde 0x309 | 0x304c [ 0x409 | Oxl44c | 0x509 | 0x344c [ 0x609 | Oxlcdc | 0x709 0x3cdc
0x00a 0x44d Ox10a | 0x104d | 0x20a Oxc4d 0x30a | 0x304d | 0x40a | 0x144d | 0x50a | 0x344d | 0x60a | Oxlc4d | 0x70a 0x3c4d
0x00b | 0x407 0x10b | 0x1007 | 0x20b 0xc07 0x30b | 0x3007 [ 0x40b | 0x1407 | 0x50b | 0x3407 [ 0x60b | Ox1c07 | 0x70b 0x3c07
0x00c 0x473 0x10c | 0x1073 | 0x20c 0xc73 0x30c | 0x3073 | 0x40c | 0x1473 | 0x50c | 0x3473 | 0x60c | Ox1c73 [ 0x70c 0x3¢73
0x00d | 0x470 | Oxlod | 0x1070 [ 0x20d 0xc70 0x30d | 0x3070 [ Ox40d [ 0x1470 | 0x50d | 0x3470 | 0x60d | Ox1c70 | 0x70d 0x3c70
0x00e | 0x471 0x10e | 0x1071 | 0x20e 0xc71 0x30e | 0x3071 | O0x40e | 0x1471 | 0x50e | 0x3471 | 0x60e | Oxlc71 [ 0x70e 0x3c71
0x00f | 0x404 0x10f | 0x1004 | 0x20f | 0xc04 0x30f | 0x3004 | 0x40f | 0x1404 | 0x50f [ 0x3404 | 0x60f | 0x1c04 | 0x70f [ 0x3c04
0x010 | 0x457 0x110 | 0x1057 [ 0x210 0xc57 0x310 [ 0x3057 [ 0x410 [ 0x1457 | 0x510 | 0x3457 | 0x610 | Oxlc57 | 0x710 0x3c¢57
0x011 0x454 [ Ox111 | 0x1054 | 0x211 0xc54 0x311 | 0x3054 [ 0x411 | 0x1454 | 0x511 | 0x3454 | 0x611 | Oxlc54 | 0x711 0x3c54
0x012 | 0x455 0x112 | 0x1055 | 0x212 0xc55 0x312 | 0x3055 [ 0x412 | 0x1455 | 0x512 | 0x3455 | 0x612 | OxIc55 | 0x712 0x3¢55
0x013 0x443 0x113 | 0x1043 | 0x213 0xc43 0x313 | 0x3043 | 0x413 | 0x1443 | 0x513 | 0x3443 | 0x613 | Oxlc43 | 0x713 0x3c43
0x014 | 0x477 0x114 | 0x1077 | 0x214 0xc77 0x314 | 0x3077 | 0x414 | 0x1477 | 0x514 | 0x3477 | 0x614 | OxIc77 | 0x714 0x3¢77
0x015 0x474 [ 0x115 | 0x1074 | 0x215 0xc74 0x315 | 0x3074 [ 0x415 | 0x1474 | 0x515 | 0x3474 | 0x615 | OxIc74 | 0x715 0x3c74
0x016 [ 0x475 0x116 | 0x1075 [ 0x216 0xc75 0x316 | 0x3075 [ 0x416 | 0x1475 | 0x516 | 0x3475 | 0x616 | Oxlc75 | 0x716 0x3c75
0x017 | 0x411 0x117 | 0x1011 | 0x217 0Oxcll 0x317 | 0x3011 [ 0x417 | Ox1411 | 0x517 | 0x3411 | 0x617 | Oxlcll | 0x717 0x3cl1
0x018 0x45f [ 0x118 [ 0x105f | 0x218 Oxc5f | 0x318 [ 0x305f | 0x418 | 0x145f [ 0x518 [ 0x345f | 0x618 | Oxlc5f | 0x718 0x3c5f
0x019 0x45¢ 0x119 | 0x105¢c | 0x219 0xc5c 0x319 | 0x305¢c | 0x419 [ 0x145c [ 0x519 | 0x345¢c | 0x619 [ OxlcSc | 0x719 0x3c5c
0x0la | 0x45d Ox1la | 0x105d | Ox2la 0xc5d 0x31a | 0x305d | Ox4la | 0x145d | O0x5la | 0x345d | Ox6la | Oxlc5d | 0x7la 0x3c5d
0x01b | 0x413 0x11b | 0x1013 | 0x21b 0Oxcl3 0x31b | 0x3013 [ Ox41b | 0x1413 | 0x51b | 0x3413 | 0x61b | OxIcl3 | 0x71b 0x3c13
0x0lc 0x47f Oxllc | 0x107f | Ox2lc Oxc7f 0x31c | 0x307f | Ox4lc | 0x147f | Ox51c | O0x347f | Ox6lc [ Oxlc7f | Ox7lc 0x3c7f
0x01d | 0x47c 0x11d | 0x107c | Ox21d 0xc7¢ 0x31d | 0x307c [ Ox41d | 0x147c | 0x51d | 0x347c | 0x61d | Oxlc7c | 0x71d 0x3c7c
0x0le 0x47d Ox1lle | 0x107d | Ox2le 0xc7d 0x3le | 0x307d | Ox4le | 0x147d | OxSle | 0x347d | Ox6le | Oxlc7d | 0x7le 0x3c7d
0x01f 0x410 Ox11f [ 0x1010 0x21f 0xcl0 0x31f [ 0x3010 0x41f | 0x1410 0x51f [ 0x3410 0x61f | 0x1cl0 0x71f 0x3c10
0x020 | 0x507 0x120 | 0x1107 | 0x220 | 0xd07 0x320 | 0x3107 [ 0x420 | 0x1507 | 0x520 | 0x3507 [ 0x620 | 0x1d07 | 0x720 0x3d07
0x021 0x504 [ Ox121 | 0x1104 | 0x221 0xd04 0x321 | 0x3104 [ 0x421 | 0x1504 | 0x521 | 0x3504 | 0x621 | Ox1d04 | 0x721 0x3d04
0x022 | 0x505 0x122 | 0x1105 | 0x222 0xd05 0x322 | 0x3105 [ 0x422 [ 0x1505 | 0x522 | 0x3505 | 0x622 | 0x1d05 | 0x722 0x3d05
0x023 0x501 0x123 | 0x1101 | 0x223 0xd01 0x323 | 0x3101 [ 0x423 | 0x1501 | 0x523 | 0x3501 [ 0x623 | Ox1d01 | 0x723 0x3d01
0x024 | 0x513 0x124 | 0x1113 | 0x224 | 0xdl3 0x324 | 0x3113 [ 0x424 | 0x1513 | 0x524 | 0x3513 | 0x624 | Ox1d13 | 0x724 0x3d13
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]
0x025 0x510 [ 0x125 | Ox1110 | 0x225 0xd10 0x325 | 0x3110 [ 0x425 | 0x1510 | 0x525 | 0x3510 [ 0x625 | Ox1d10 | 0x725 0x3d10
0x026 0x511 0x126 | Ox1111 | 0x226 0xd11 0x326 | 0x3111 0x426 | OxIS11 | 0x526 | 0x3511 0x626 | Ox1dl1 0x726 0x3d11
0x027 | 0x40d [ 0x127 | 0x100d | 0x227 0xc0d 0x327 | 0x300d [ 0x427 | 0x140d | 0x527 | 0x340d [ 0x627 | OxlcOd | 0x727 0x3c0d
0x028 0x50f [ 0x128 [ Ox110f | 0x228 0xdof | 0x328 | 0x310f | 0x428 | Ox150f [ 0x528 | 0x350f | 0x628 | Ox1dof [ 0x728 0x3dof
0x029 0x50c 0x129 | Ox110c | 0x229 0xdOc 0x329 | 0x310c | 0x429 | 0x150c [ 0x529 | 0x350c | 0x629 | 0x1dOc | 0x729 0x3d0c
0x02a | 0x50d 0x12a | 0x110d | 0x22a | 0OxdOd 0x32a | 0x310d | Ox42a | 0x150d | 0x52a | 0x350d | Ox62a | 0x1d0d [ 0x72a 0x3d0d
0x02b 0x40f [ 0x12b [ 0x100f | 0x22b 0xcOf | 0x32b | 0x300f | 0x42b | 0x140f [ 0x52b [ 0x340f | 0x62b | Ox1cOf | 0x72b 0x3c0f
0x02c 0x533 0x12¢ | 0x1133 | 0x22¢ 0xd33 0x32c | 0x3133 | 0x42c | 0x1533 | 0x52c | 0x3533 0x62c | 0x1d33 | 0x72c 0x3d33
0x02d | 0x530 [ Oxl12d | 0x1130 | 0x22d | 0xd30 0x32d | 0x3130 [ Ox42d | 0x1530 | 0x52d | 0x3530 [ 0x62d | 0x1d30 | 0x72d 0x3d30
0x02e 0x531 0x12e | 0x1131 0x22e 0xd31 0x32e | 0x3131 0x42e | 0x1531 0x52e | 0x3531 0x62e | 0x1d31 0x72e 0x3d31
0x02f 0x40c Ox12f [ 0x100c | Ox22f 0xc0c 0x32f | 0x300c | Ox42f | 0x140c | 0x52f [ 0x340c | 0x62f | OxlcOc | Ox72f 0x3c0c
0x030 | 0x517 0x130 | 0x1117 | 0x230 | 0xdl7 0x330 | 0x3117 [ 0x430 | 0x1517 | 0x530 | 0x3517 [ 0x630 | Ox1d17 | 0x730 0x3d17
0x031 0x514 0x131 0x1114 | 0x231 0xd14 0x331 0x3114 | 0x431 0x1514 | 0x531 0x3514 | 0x631 0x1d14 | 0x731 0x3d14
0x032 | 0x515 0x132 | O0x1115 [ 0x232 0xd15 0x332 | 0x3115 [ 0x432 | OxI515 | 0x532 | 0x3515 | 0x632 | Ox1d15 | 0x732 0x3d15
0x033 0x503 0x133 | 0x1103 | 0x233 0xd03 0x333 | 0x3103 [ 0x433 | 0x1503 | 0x533 | 0x3503 | 0x633 | 0x1d03 | 0x733 0x3d03
0x034 | 0x537 0x134 | 0x1137 | 0x234 | 0xd37 0x334 | 0x3137 [ 0x434 | 0x1537 | 0x534 | 0x3537 | 0x634 | Ox1d37 | 0x734 0x3d37
0x035 0x534 [ Ox135 | Ox1134 | 0x235 0xd34 0x335 | 0x3134 [ 0x435 | O0x1534 | 0x535 | 0x3534 | 0x635 | Ox1d34 | 0x735 0x3d34
0x036 | 0x535 0x136 | 0x1135 | 0x236 0xd35 0x336 | 0x3135 [ 0x436 | 0x1535 | 0x536 | 0x3535 | 0x636 | 0x1d35 | 0x736 0x3d35
0x037 | 0x431 0x137 | 0x1031 | 0x237 0xc31 0x337 | 0x3031 [ 0x437 | Ox1431 | 0x537 | 0x3431 | 0x637 | OxIc31 | 0x737 0x3c31
0x038 0x51f [ 0x138 [ Ox111f | 0x238 Oxdlf | 0x338 | Ox311f | 0x438 | Ox151f [ 0x538 | 0x351f | 0x638 | Ox1dIf [ 0x738 0x3d1f
0x039 0x51c 0x139 | Oxlllc | 0x239 Oxdlc 0x339 | 0x311c [ 0x439 | OxI5lc | 0x539 | 0x35lc [ 0x639 | Oxldlc | 0x739 0x3dlc
0x03a 0x51d 0x13a | Ox111d | 0x23a Oxd1d 0x33a | 0x311d | Ox43a | Ox151d | 0x53a | 0x351d | Ox63a | Oxldld [ 0x73a 0x3d1d
0x03b | 0x433 0x13b | 0x1033 [ 0x23b 0xc33 0x33b | 0x3033 [ 0x43b | 0x1433 | 0x53b | 0x3433 | 0x63b | Ox1c33 | 0x73b 0x3¢33
0x03c 0x53f [ 0x13c | Ox113f | 0x23c 0xd3f | 0x33c | 0x313f | 0x43c | 0x153f [ 0x53c | 0x353f | 0x63c | Ox1d3f [ 0x73c 0x3d3f
0x03d 0x53¢c 0x13d | Ox113c | 0x23d 0Oxd3c 0x33d | 0x313c [ 0x43d | Ox153c | 0x53d | 0x353c | 0x63d | OxId3c | 0x73d 0x3d3c
0x03e | 0x53d 0x13e | 0x113d | 0x23e 0xd3d 0x33e | 0x313d | 0x43e | 0x153d | 0x53e | 0x353d | 0x63e | Ox1d3d [ 0x73e 0x3d3d
0x03f | 0x430 0x13f | 0x1030 | 0x23f | 0xc30 0x33f | 0x3030 | 0x43f | 0x1430 | 0x53f [ 0x3430 | 0x63f | 0x1c30 | 0x73f [ 0x3c30
0x040 Ox4c7 0x140 | 0x10c7 | 0x240 Oxce7 0x340 | 0x30c7 | 0x440 | Oxl14c7 [ 0x540 | 0x34c7 | 0x640 | Oxlcc7 | 0x740 0x3cc7
0x041 Ox4c4 0x141 | 0x10c4 | 0x241 Oxcc4 0x341 | 0x30c4 [ 0x441 | Oxl4c4 | 0x541 | 0x34c4 | 0x641 | Oxlccd | 0x741 0x3cc4
0x042 0x4c5 0x142 | 0x10c5 | 0x242 Oxcce5 0x342 | 0x30c5 [ 0x442 | Ox14c5 | 0x542 | 0x34c5 | 0x642 | Oxlcc5 | 0x742 0x3cc5
0x043 Ox4cl 0x143 | 0x10cl 0x243 Oxccl 0x343 | 0x30cl 0x443 | Oxl4cl 0x543 | 0x34cl 0x643 | Oxlccl 0x743 0x3ccl
0x044 | 0x4d3 0x144 | 0x10d3 | 0x244 0Oxcd3 0x344 | 0x30d3 | 0x444 | 0x14d3 | 0x544 | 0x34d3 | 0x644 | Oxlcd3 | 0x744 0x3cd3
0x045 0x4d0 [ 0x145 | 0x10d0 | 0x245 0xcd0 0x345 | 0x30d0 [ 0x445 | 0x14d0 | 0x545 | 0x34d0 [ 0x645 | Oxlcd0 | 0x745 0x3cd0
0x046 | 0Ox4dl 0x146 | 0x10dl | 0x246 Oxcdl 0x346 | 0x30dl [ Ox446 | Ox14dl | 0x546 | 0x34dl | O0x646 | Oxlcdl | 0x746 0x3cdl
0x047 | 0x415 0x147 | 0x1015 | 0x247 Oxcl5 0x347 | 0x3015 [ 0x447 | 0x1415 | 0x547 | 0x3415 | 0x647 | Oxlcl5 | 0x747 0x3cl5
0x048 Ox4cf 0x148 0x10cf | 0x248 Oxccf 0x348 0x30cf | 0x448 Ox14cf | 0x548 0x34cf | 0x648 Oxlcef | 0x748 0x3ccf
0x049 Ox4ce 0x149 | 0x10cc | 0x249 Oxcce 0x349 | 0x30cc | 0x449 | Oxldcc [ 0x549 | Ox34cc | 0x649 | Oxlccc | 0x749 0x3cce
0x04a Ox4cd Ox14a | 0x10cd | 0x24a Oxced 0x34a | 0x30cd | Ox44a | Oxl4cd | OxS54a | 0x34cd | Ox64a | Oxlced | 0x74a 0x3ced
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]
0x04b 0x417 Ox14b | 0x1017 | 0x24b 0xcl7 0x34b | 0x3017 | 0x44b | 0x1417 [ 0x54b | 0x3417 | 0x64b | Oxlcl7 | 0x74b 0x3cl7
0x04c¢ 0x41f3 Ox14c 0x10f3 0x24c¢ Oxcf3 0x34c | 0x30f3 Ox44c | 0x14f3 0x54c | 0x34f3 0x64c | Oxlcf3 0x74c 0x3cf3
0x04d 0x4f0 0x14d | 0x10f0 | 0x24d 0xcfo 0x34d | 0x30f0 [ Ox44d | Ox14f0 | 0x54d | 0x34f0 | 0x64d | Oxlcfo | 0x74d 0x3cf0
0x04e 0x4f1 Ox14e | 0x10fl 0x24e Oxcfl 0x34e | 0x30fl Ox44e | Ox14fl 0x54e | 0x34fl Ox64e | Oxlcfl 0x74e 0x3cfl
0x04f | 0x414 Ox14f | 0x1014 | 0x24f | Oxcl4 0x34f | 0x3014 | Ox44f | 0x1414 | O0x54f [ 0x3414 | O0x64f | Oxlcl4 | O0x74f | Ox3cl4
0x050 | 0x4d7 0x150 | 0x10d7 | 0x250 0Oxcd7 0x350 | 0x30d7 [ 0x450 | 0x14d7 | 0x550 | 0x34d7 [ 0x650 | Oxlcd7 | 0x750 0x3cd7
0x051 0x4d4 0x151 0x10d4 | 0x251 Oxcd4 0x351 | 0x30d4 | 0x451 0x14d4 | 0x551 | 0x34d4 | 0x651 Oxlcd4 [ 0x751 0x3cd4
0x052 0x4dsS 0x152 | 0x10d5 | 0x252 Oxcd5 0x352 | 0x30d5 | 0x452 | Ox14d5 [ 0x552 | 0x34d5 | 0x652 | Oxlcd5 | 0x752 0x3cdS
0x053 0x4c3 0x153 | 0x10c3 | 0x253 0Oxce3 0x353 | 0x30c3 [ 0x453 | 0x14¢3 | 0x553 | 0x34c3 | 0x653 | Oxlec3 | 0x753 0x3cc3
0x054 0x4f7 0x154 | 0x10f7 | 0x254 0xcf7 0x354 | 0x30f7 [ Ox454 | Ox14f7 | 0x554 | 0x34f7 | 0x654 | Oxlcf7 | 0x754 0x3cf7
0x055 0x4f4 0x155 | 0x10f4 [ 0x255 Oxcf4 0x355 | 0x30f4 | 0x455 | Ox14f4 | 0x555 | 0x34f4 | 0x655 | Oxlcf4 | 0x755 0x3cf4
0x056 0x4f5 0x156 | 0x10f5 | 0x256 0xcf5 0x356 | 0x30f5 [ 0x456 | Ox14f5 | 0x556 | 0x34f5 | 0x656 | Oxlcf5 | 0x756 0x3cf5
0x057 | 0x435 0x157 | 0x1035 [ 0x257 0xc35 0x357 | 0x3035 [ 0x457 | 0x1435 | 0x557 | 0x3435 | 0x657 | OxIc35 | 0x757 0x3¢35
0x058 Ox4df [ Ox158 [ Ox10df | 0x258 Oxcdf | 0x358 [ 0x30df | 0x458 | Oxl4df [ 0x558 [ 0x34df | 0x658 | Oxlcdf | 0x758 0x3cdf
0x059 0x4dc 0x159 | 0x10dc | 0x259 Oxcde 0x359 | 0x30dc | 0x459 | Oxl4dc | 0x559 | 0x34dc | 0x659 | Oxledec | 0x759 0x3cde
0x05a 0Ox4dd Ox15a | 0x10dd | Ox25a Oxcdd 0x35a | 0x30dd | Ox45a | Ox14dd | 0x55a | 0x34dd | Ox65a | Oxledd | 0x75a 0x3cdd
0x05b | 0x437 0x15b | 0x1037 [ 0x25b 0xc37 0x35b | 0x3037 [ Ox45b | 0x1437 | 0x55b | 0x3437 | 0x65b | Ox1c37 | 0x75b 0x3¢37
0x05¢ Ox4ff 0x15¢ | Ox10ff | 0x25¢ Oxcff 0x35¢c | 0x30ff | Ox45c | Ox14ff | 0x55¢ | 0x34ff | 0x65c | Oxlcff [ 0x75¢ 0x3cff
0x05d Ox4fc 0x15d | Ox10fc | 0x25d Oxcfc 0x35d | 0x30fc [ Ox45d | Oxl4fc | 0x55d | Ox34fc | 0x65d | Oxlcfc | 0x75d 0x3cfc
0x05e Ox4fd Ox15e | Ox10fd | 0x25e Oxcfd 0x35e | 0x30fd | Ox45e | Ox14fd | O0x55e | Ox34fd | O0x65¢ | Oxlefd [ 0x75e 0x3cfd
0x05f | 0x434 0x15f | 0x1034 | 0x25f | Oxc34 0x35f | 0x3034 | 0x45f | 0x1434 | 0x55f [ 0x3434 | 0x65f | Ox1c34 | O0x75f [ 0x3c34
0x060 | 0x707 0x160 | 0x1307 [ 0x260 0xf07 0x360 [ 0x3307 [ 0x460 | 0x1707 | 0x560 | 0x3707 [ 0x660 | 0x1f07 | 0x760 0x3f07
0x061 0x704 [ Ox161 | 0x1304 | 0x261 0xf04 0x361 | 0x3304 [ 0x461 | 0x1704 | 0x561 | 0x3704 | 0x661 | 0x1f04 | 0x761 0x3f04
0x062 | 0x705 0x162 | 0x1305 | 0x262 0xf05 0x362 | 0x3305 [ 0x462 | 0x1705 | 0x562 | 0x3705 [ 0x662 | 0x1f05 | 0x762 0x3f05
0x063 0x701 0x163 | 0x1301 [ 0x263 0xf01 0x363 | 0x3301 [ 0x463 | 0x1701 | 0x563 | 0x3701 [ 0x663 | Ox1f01 | 0x763 0x3101
0x064 | 0x713 0x164 | 0x1313 | 0x264 0xf13 0x364 | 0x3313 [ 0x464 | 0x1713 | 0x564 | 0x3713 | 0x664 | Ox1fl13 | 0x764 0x3f13
0x065 0x710 [ 0x165 | 0x1310 | 0x265 0xf10 0x365 | 0x3310 [ 0x465 | 0x1710 | 0x565 | 0x3710 [ 0x665 | 0x1fl0 | 0x765 0x3f10
0x066 | 0x711 0x166 | 0x1311 [ 0x266 0xf11 0x366 | 0x3311 [ 0x466 [ 0x1711 | 0x566 | 0x3711 | 0x666 | Ox1fll | 0x766 0x3f11
0x067 | Ox41d [ 0x167 | 0x101d | 0x267 Oxcld 0x367 | 0x301d [ 0x467 | Ox141d | 0x567 | 0x341d | 0x667 | Oxlcld | 0x767 0x3cld
0x068 0x70f [ 0x168 [ 0x130f | 0x268 0xfOf 0x368 | 0x330f [ 0x468 | 0x170f | 0x568 | 0x370f [ 0x668 | Ox1fof | 0x768 0x3f0f
0x069 0x70c 0x169 | 0x130c | 0x269 0xf0c 0x369 | 0x330c [ 0x469 | 0x170c | 0x569 | 0x370c [ 0x669 [ Ox1fO0c | 0x769 0x3f0c
0x06a | 0x70d Ox16a | 0x130d | 0x26a 0xf0d 0x36a | 0x330d | Ox46a | 0x170d | 0x56a | 0x370d | Ox66a | 0x1fod [ 0x76a 0x3f0d
0x06b 0x41f [ Oxl6b [ 0x101f | 0x26b Oxclf | 0x36b | 0x301f | Ox46b | Ox141f [ 0x56b [ 0x341f | 0x66b | Oxlclf | 0x76b 0x3clf
0x06¢ 0x733 Oxl6¢c | 0x1333 | 0x26¢ 0xf33 0x36¢ | 0x3333 | Ox46c | 0x1733 | 0x56c | 0x3733 | 0x66¢ 0x1f33 0x76¢ 0x3f33
0x06d | 0x730 [ Oxléd | 0x1330 | 0x26d 0xf30 0x36d | 0x3330 [ Ox46d | 0x1730 | 0x56d | 0x3730 [ 0x66d | 0x1f30 | 0x76d 0x3f30
0x06e 0x731 Ox16e | 0x1331 | 0x26e 0xf31 0x36e | 0x3331 Ox46e | 0x1731 [ 0Ox56e | 0x3731 0x66e | 0x1f31 0x76e 0x3f31
0x06f Ox4lc Ox16f [ 0x101c | O0x26f Oxcle 0x36f | 0x301c | Ox46f | Ox14lc | O0x56f [ Ox34lc | 0x66f | Oxlclc | O0x76f 0x3clc
0x070 | 0x717 0x170 | 0x1317 | 0x270 0xf17 0x370 | 0x3317 [ 0x470 | 0x1717 | 0x570 | 0x3717 | 0x670 | Ox1fl7 | 0x770 0x3f17
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]

0x071 0x714 0x171 0x1314 | 0x271 0xf14 0x371 0x3314 | 0x471 0x1714 | 0x571 0x3714 | 0x671 0x1f14 | 0x771 0x3f14
0x072 0x715 0x172 | 0x1315 | 0x272 0xf15 0x372 | 0x3315 | 0x472 | 0x1715 [ 0x572 | 0x3715 | 0x672 Ox1f15 0x772 0x3f15
0x073 0x703 0x173 | 0x1303 | 0x273 0xf03 0x373 | 0x3303 [ 0x473 | 0x1703 | 0x573 | 0x3703 | 0x673 | 0x1f03 | 0x773 0x3f03
0x074 | 0x737 0x174 | 0x1337 | 0x274 0xf37 0x374 | 0x3337 [ 0x474 | 0x1737 | 0x574 | 0x3737 | 0x674 | Ox1f37 | 0x774 0x3f37
0x075 0x734 [ 0x175 | 0x1334 | 0x275 0xf34 0x375 | 0x3334 [ 0x475 | 0x1734 | 0x575 | 0x3734 | 0x675 | Ox1f34 | 0x775 0x3f34
0x076 | 0x735 0x176 | 0x1335 | 0x276 0xf35 0x376 | 0x3335 [ 0x476 | 0x1735 | 0x576 | 0x3735 | 0x676 | 0x1f35 | 0x776 0x3f35
0x077 0x43d 0x177 | 0x103d | 0x277 0xc3d 0x377 | 0x303d | 0x477 | 0x143d | 0x577 | 0x343d | 0x677 | Oxlc3d | 0x777 0x3c3d
0x078 0x71f | 0x178 [ Ox131f | 0x278 0xflf 0x378 | 0x331f [ 0x478 | Ox171f | 0x578 | 0x371f | 0x678 | OxIflf | 0x778 0x3f1f
0x079 0x71c 0x179 | 0x131c | 0x279 0xflc 0x379 | 0x331c [ 0x479 | 0x17lc | 0x579 | 0x37lc | 0x679 | Oxlflc | 0x779 0x3flc
0x07a 0x71d Ox17a | 0x131d | 0x27a 0xfld 0x37a | 0x331d | 0x47a | 0x171d | 0x57a | 0x371d | 0x67a | OxIfld | 0x77a 0x3fld
0x07b 0x43f | 0x17b [ 0x103f | 0x27b 0xc3f | 0x37b [ 0x303f [ 0x47b | 0x143f | 0x57b | 0x343f | 0x67b | Oxlc3f | 0x77b 0x3c3f
0x07¢ 0x73f | 0x17c | 0x133f | 0x27c 0xf3f 0x37c | 0x333f | 0x47c | 0x173f | 0x57c | 0x373f | 0x67c | OxIf3f [ 0x77c 0x3f3f
0x07d 0x73c 0x17d | 0x133c | 0x27d 0xf3c 0x37d | 0x333c [ 0x47d | 0x173c | 0x57d | 0x373c | 0x67d | Ox1f3c | 0x77d 0x3f3c
0x07e 0x73d 0x17e | 0x133d | 0x27e 0xf3d 0x37e | 0x333d | Ox47e | 0x173d | 0x57e | 0x373d | O0x67e | Ox1f3d [ 0x77e 0x3f3d
0x07f | 0x43c 0x17f | 0x103c | 0x27f 0xc3c 0x37f | 0x303c | 0x47f | 0x143c | 0x57f [ 0x343c | 0x67f | Oxlc3c | 0x77f 0x3c3c
0x080 | 0x547 0x180 | 0x1147 [ 0x280 | 0xd47 0x380 | 0x3147 [ 0x480 [ 0x1547 | 0x580 | 0x3547 | 0x680 | O0x1d47 | 0x780 0x3d47
0x081 0x544 0x181 0x1144 | 0x281 Oxd44 0x381 0x3144 | 0x481 0x1544 | 0x581 0x3544 | 0x681 0x1d44 | 0x781 0x3d44
0x082 | 0x545 0x182 | 0x1145 | 0x282 0xd45 0x382 | 0x3145 [ 0x482 | 0x1545 | 0x582 | 0x3545 | 0x682 | Ox1d45 | 0x782 0x3d45
0x083 0x541 0x183 | Ox1141 [ 0x283 0xd41 0x383 | 0x3141 [ 0x483 [ 0x1541 | 0x583 | 0x3541 | 0x683 | Ox1d41 | 0x783 0x3d41
0x084 [ 0x553 0x184 | 0x1153 [ 0x284 | 0xd53 0x384 | 0x3153 [ 0x484 [ 0x1553 | 0x584 | 0x3553 | 0x684 | Ox1d53 | 0x784 0x3d53
0x085 0x550 [ 0x185 | 0x1150 | 0x285 0xd50 0x385 | 0x3150 [ 0x485 | 0x1550 | 0x585 | 0x3550 [ 0x685 | 0x1d50 | 0x785 0x3d50
0x086 [ 0x551 0x186 | OxI151 [ 0x286 0xd51 0x386 | 0x3151 [ 0x486 [ 0x1551 | 0x586 | 0x3551 | 0x686 | Ox1d51 | 0x786 0x3d51
0x087 | 0x045 0x187 0x105 0x287 0x0c5 0x387 | 0x305 0x487 0x145 0x587 0x345 0x687 Ox1c5 0x787 0x3c¢5
0x088 0x54f | 0x188 [ Ox114f | 0x288 Oxd4f | 0x388 | 0x314f | 0x488 | Ox154f [ 0x588 | 0x354f | 0x688 | Ox1d4f [ 0x788 0x3d4f
0x089 0x54¢ 0x189 | Ox114c | 0x289 Oxd4c 0x389 | 0x314c [ 0x489 | Ox154c | 0x589 | 0x354c | 0x689 | Oxld4c | 0x789 0x3d4c
0x08a | 0x54d 0x18a | 0x114d | 0x28a 0xd4d 0x38a | 0x314d | 0x48a | Ox154d | 0x58a | 0x354d | 0x68a | Ox1d4d [ 0x78a 0x3d4d
0x08b | 0x047 0x18b 0x107 | 0x28b 0x0c7 0x38b | 0x307 0x48b 0x147 | 0x58b [ 0x347 0x68b 0x1c7 0x78b 0x3c¢7
0x08¢c 0x573 Ox18c | 0x1173 | 0x28c 0xd73 0x38c | 0x3173 | Ox48c | 0x1573 | 0x58c | 0x3573 | 0x68c | 0x1d73 [ 0x78c 0x3d73
0x08d | 0x570 [ Ox18d [ 0x1170 | 0x28d | 0xd70 0x38d | 0x3170 [ 0x48d | 0x1570 | 0x58d | 0x3570 [ 0x68d | 0x1d70 | 0x78d 0x3d70
0x08e | 0x571 0x18e | 0x1171 | 0x28e 0xd71 0x38e | 0x3171 | 0x48e | 0x1571 | 0x58e | 0x3571 | 0x68e | Ox1d71 [ 0x78e 0x3d71
0x08f 0x044 Ox18f 0x104 0x28f 0x0c4 0x38f 0x304 0x48f 0x144 0x58f 0x344 0x68f Ox1c4 0x78f 0x3c4
0x090 | 0x557 0x190 | 0x1157 [ 0x290 | 0xd57 0x390 | 0x3157 [ 0x490 | 0x1557 | 0x590 | 0x3557 | 0x690 [ 0x1d57 | 0x790 0x3d57
0x091 0x554 [ 0x191 | Ox1154 | 0x291 0xd54 0x391 | 0x3154 [ 0x491 | 0x1554 | 0x591 | 0x3554 | 0x691 | Ox1d54 | 0x791 0x3d54
0x092 [ 0x555 0x192 | 0x1155 [ 0x292 0xd55 0x392 | 0x3155 [ 0x492 [ 0x1555 | 0x592 | 0x3555 | 0x692 | Ox1d55 | 0x792 0x3d55
0x093 0x543 0x193 | 0x1143 [ 0x293 0xd43 0x393 | 0x3143 [ 0x493 | 0x1543 | 0x593 | 0x3543 | 0x693 | O0x1d43 | 0x793 0x3d43
0x094 | 0x577 0x194 | 0x1177 | 0x294 | 0xd77 0x394 | 0x3177 | 0x494 | 0x1577 | 0x594 | 0x3577 | 0x694 | 0x1d77 | 0x794 0x3d77
0x095 0x574 | 0x195 [ 0x1174 | 0x295 0xd74 0x395 | 0x3174 [ 0x495 | 0x1574 | 0x595 | 0x3574 | 0x695 | 0x1d74 | 0x795 0x3d74
0x096 | 0x575 0x196 | 0x1175 | 0x296 0xd75 0x396 | 0x3175 [ 0x496 | 0x1575 | 0x596 | 0x3575 | 0x696 | 0x1d75 | 0x796 0x3d75
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]
0x097 0x051 0x197 Ox111 0x297 0x0d1 0x397 0x311 0x497 0x151 0x597 0x351 0x697 0x1d1 0x797 0x3d1
0x098 0x55f [ 0x198 [ Ox115f | 0x298 0xd5f | 0x398 | 0x315f | 0x498 | Ox155f [ 0x598 | 0x355f | 0x698 | Ox1d5f [ 0x798 0x3d5f
0x099 0x55¢ 0x199 | Ox115¢ | 0x299 0xd5c 0x399 | 0x315¢c [ 0x499 | 0x155¢ | 0x599 | 0x355¢ [ 0x699 [ Oxld5c | 0x799 0x3d5¢
0x09a 0x55d 0x19a | 0x115d | 0x29a 0xdsd 0x39a | 0x315d | 0x49a | 0x155d | 0x59a | 0x355d | 0x69a [ Ox1d5d | 0x79a 0x3d5d
0x09b 0x053 0x19b 0x113 0x29b 0x0d3 0x39b 0x313 0x49b 0x153 0x59b 0x353 0x69b 0x1d3 0x79b 0x3d3
0x09¢ 0x57f 0x19¢ | Ox117f | 0x29¢c 0xd7f 0x39c | 0x317f | 0x49c | O0x157f | 0x59¢ | 0x357f | 0x69¢ | 0x1d7f [ 0x79¢c 0x3d7f
0x09d 0x57¢ 0x19d | Ox117c | 0x29d 0xd7¢ 0x39d | 0x317c | 0x49d | O0x157c [ 0x59d | 0x357c | 0x69d | Ox1d7c | 0x79d 0x3d7c
0x09e 0x57d 0x19¢ | 0x117d | 0x29e 0xd7d 0x39¢ | 0x317d | 0x49¢e | 0x157d | 0x59e | 0x357d | 0x69e [ Ox1d7d | 0x79e 0x3d7d
0x09f | 0x050 0x19f | 0x110 0x29f [ 0x0d0 0x39f | 0x310 0x49f | 0x150 0x59f [ 0x350 0x69f | 0x1d0 0x79f 0x3d0
0x0a0 0x747 Oxla0 | 0x1347 | 0x2a0 0xf47 0x3a0 | 0x3347 | Ox4a0 | 0x1747 | 0x5a0 | 0x3747 | Ox6a0 | 0x1f47 [ 0x7a0 0x3f47
0x0al 0x744 Oxlal 0x1344 | 0x2al 0xf44 0x3al 0x3344 | Ox4al 0x1744 | 0x5al 0x3744 | Ox6al 0x1f44 0x7al 0x3f44
0x0a2 0x745 Oxla2 | 0x1345 | 0x2a2 0xf45 0x3a2 | 0x3345 | Ox4a2 | 0x1745 | 0x5a2 | 0x3745 | Ox6a2 | 0x1f45 [ 0x7a2 0x3f45
0x0a3 0x741 Oxla3 | 0x1341 0x2a3 0xf41 0x3a3 | 0x3341 Ox4a3 | 0x1741 0x5a3 | 0x3741 0x6a3 0x1f41 0x7a3 0x3f41
0x0a4 0x753 Oxla4 | 0x1353 | Ox2a4 0xf53 0x3a4 | 0x3353 | Ox4a4 | 0x1753 | Ox5a4 | 0x3753 | Ox6a4 | 0x1f53 0x7a4 0x3f53
0x0a5 0x750 Oxla5 | 0x1350 | Ox2a5 0xf50 0x3a5 | 0x3350 | Ox4a5 | 0x1750 | 0x5a5 | 0x3750 | Ox6a5 | 0x1f50 [ 0x7a5 0x3£50
0x0a6 0x751 Oxla6 | 0x1351 0x2a6 0xf51 0x3a6 | 0x3351 Ox4a6 | 0x1751 0x5a6 | 0x3751 0x6a6 | Ox1f51 0x7a6 0x3f51
0x0a7 0x04d Ox1a7 0x10d 0x2a7 0x0cd 0x3a7 0x30d Ox4a7 Ox14d 0x5a7 0x34d Ox6a7 Oxlcd 0x7a7 0x3cd
0x0a8 0x74f 0x1a8 | 0x134f | 0x2a8 Oxfaf 0x3a8 | 0x334f | Ox4a8 | O0x174f | 0x5a8 | 0x374f | Ox6a8 | OxIf4f [ 0x7a8 0x3f4f
0x0a9 0x74c Oxla9 | Ox134c | 0x2a9 Oxfdc 0x3a9 | 0x334c | Ox4a9 | Ox174c | 0x5a9 | 0x374c | O0x6a9 | Oxlfdc 0x7a9 0x3f4c
0Ox0aa 0x74d Oxlaa | 0x134d | Ox2aa 0xfdd Ox3aa | 0x334d | Ox4aa | 0x174d | Ox5aa [ 0x374d | Ox6aa | OxIf4d | 0x7aa 0x3f4d
0x0ab 0x04f Oxlab 0x10f | Ox2ab 0x0cf 0x3ab 0x30f Ox4ab 0x14f | Ox5ab 0x34f 0x6ab Oxlcf 0x7ab 0x3cf
0Ox0ac 0x773 Oxlac [ 0x1373 | Ox2ac 0xf73 Ox3ac | 0x3373 | Oxdac | 0x1773 | Ox5ac | 0x3773 Ox6ac 0x1f73 0x7ac 0x3f73
0x0ad 0x770 Oxlad | 0x1370 | Ox2ad 0xf70 0x3ad | 0x3370 | Oxd4ad | 0x1770 | Ox5ad | 0x3770 | Ox6ad | 0x1f70 [ Ox7ad 0x3£70
0x0ae 0x771 Oxlae | 0x1371 | Ox2ae 0xf71 Ox3ae | 0x3371 | Oxdae | 0x1771 | Ox5ae [ 0x3771 | Ox6ae | OxI1f71 Ox7ae 0x3f71
0x0af 0x04c Oxlaf 0x10c Ox2af 0x0cc Ox3af 0x30c Ox4af Ox14c Ox5af 0x34c Ox6af Oxlcc Ox7af 0x3cc
0x0b0 0x757 0x1b0 | 0x1357 | 0x2b0 0xf57 0x3b0 | 0x3357 [ 0x4b0 | 0x1757 | 0x5b0 | 0x3757 | 0x6b0 | 0x1f57 | 0x7b0 0x3f57
0x0b1 0x754 0x1bl | 0x1354 [ 0x2bl 0xf54 0x3bl | 0x3354 [ 0x4bl | 0x1754 | 0x5bl | 0x3754 | Ox6bl | Ox1f54 | 0x7bl 0x3f54
0x0b2 0x755 0x1b2 | 0x1355 [ 0x2b2 0xf55 0x3b2 | 0x3355 [ Ox4b2 | 0x1755 | 0x5b2 | 0x3755 [ Ox6b2 | Ox1f55 | 0x7b2 0x3f55
0x0b3 0x743 0x1b3 | 0x1343 [ 0x2b3 0xf43 0x3b3 | 0x3343 [ 0x4b3 | 0x1743 | 0x5b3 | 0x3743 | 0x6b3 | Ox1f43 | 0x7b3 0x3f43
0x0b4 0x777 0x1b4 | 0x1377 | 0x2b4 0xf77 0x3b4 | 0x3377 | Ox4b4 | 0x1777 | 0x5b4 | 0x3777 | Ox6b4 | 0x1f77 | 0x7b4 0x3f77
0x0b5 0x774 0x1b5 | 0x1374 [ 0x2b5 0xf74 0x3b5 | 0x3374 [ Ox4b5 | O0x1774 | 0x5b5 | 0x3774 | O0x6b5 | Ox1f74 | 0x7b5 0x3174
0x0b6 0x775 0x1b6 | 0x1375 | 0x2b6 0xf75 0x3b6 | 0x3375 [ 0x4b6 | 0x1775 | 0x5b6 | 0x3775 | 0x6b6 | 0x1f75 | 0x7b6 0x3f75
0x0b7 0x071 0x1b7 0x131 0x2b7 0x0f1 0x3b7 0x331 0x4b7 0x171 0x5b7 0x371 0x6b7 0x1f1 0x7b7 0x3f1
0x0b8 0x75f [ OxIb8 [ Ox135f | 0x2b8 0xf5f 0x3b8 | 0x335f [ O0x4b8 | Ox175f | 0x5b8 | 0x375f [ O0x6b8 | Ox1f5f | 0x7b8 0x3f5f
0x0b9 0x75¢ 0x1b9 | 0x135¢c | 0x2b9 0xf5c 0x3b9 | 0x335c | 0x4b9 | 0x175¢c [ 0x5b9 | 0x375¢ | 0x6b9 | Ox1fSc | 0x7b9 0x3f5¢
0x0Oba 0x75d Oxlba | 0x135d | Ox2ba 0xf5d Ox3ba | 0x335d | Ox4ba | 0x175d | Ox5ba | 0x375d | Ox6ba [ OxIf5d | Ox7ba 0x3f5d
0x0bb 0x073 0x1bb 0x133 0x2bb 0x0f3 0x3bb 0x333 0x4bb 0x173 0x5bb 0x373 0x6bb 0x1f3 0x7bb 0x3f3
0x0bc 0x77f Ox1bc 0x137f | 0x2bc 0xf7f 0x3bc | 0x337f | Ox4bc | 0x177f | Ox5bc | 0x377f | 0x6bc 0x1f7f | 0x7bc 0x3f7f
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]

0x0bd 0x77¢ Oxlbd | 0x137c | 0x2bd 0xf7c 0x3bd | 0x337c | Ox4bd | 0x177c [ 0x5bd | 0x377c | 0x6bd | Ox1f7c | O0x7bd 0x3f7¢c
0x0be 0x77d Oxlbe | 0x137d | 0Ox2be 0xf7d 0x3be | 0x337d | Ox4be | 0x177d | O0x5be | 0x377d | Ox6be [ OxIf7d | Ox7be 0x3f7d
0x0bf | 0x070 0x1bf | 0x130 0x2bf 0x0f0 0x3bf | 0x330 0x4bf | 0x170 0x5bf [ 0x370 0x6bf 0x1f0 0x7bf 0x3f0
0x0c0 0x5¢7 Ox1cO | Ox11c7 | 0x2cO 0xdc7 0x3c0 | 0x31c7 | 0x4cO | 0x15¢7 | 0x5¢0 | 0x35¢7 | 0x6¢0 [ Ox1lde7 | 0x7cO 0x3dc7
0x0c1 0x5c4 Oxlcl Ox1lc4 | Ox2cl Oxdc4 0x3cl 0x31c4 [ Oxdcl 0x15¢c4 | 0Ox5cl 0x35¢c4 | 0x6cl Oxldc4 [ 0x7cl 0x3dc4
0x0c2 0x5¢5 0xlc2 | Ox11c5 | 0x2c2 0xdc5 0x3c2 | 0x31c5 | 0x4c2 | Ox15¢5 | 0x5¢2 | 0x35¢5 | 0x6¢2 | Oxlde5 [ 0x7c2 0x3dc5
0x0c3 0x5cl Ox1c3 | Oxllcl 0x2c3 0Oxdcl 0x3c3 | 0x3lcl 0x4c3 | Ox15cl 0x5¢3 | 0x35cl 0x6¢3 | Oxldcl 0x7¢3 0x3dcl
0x0c4 0x5d3 Oxlc4 | 0x11d3 | Ox2c4 0xdd3 0x3c4 | 0x31d3 | Ox4c4 | 0x15d3 | O0x5c4 | 0x35d3 | O0x6c4 | Ox1dd3 | Ox7c4 0x3dd3
0x0c5 0x5d0 Oxlc5 | 0x11d0 | 0x2c5 0xdd0 0x3c5 | 0x31d0 | Ox4c5 | 0x15d0 | 0x5¢5 | 0x35d0 | 0x6¢5 | 0x1ddO [ 0x7c5 0x3dd0
0x0c6 0x5d1 Oxlc6 | Ox11dl | 0x2c6 0xdd1 0x3c6 | 0x31d1 | Ox4c6 | Ox15d1 | 0x5c6 | 0x35d1 | O0x6¢6 | Oxlddl [ 0x7c6 0x3dd1
0x0c7 0x055 Ox1c7 Ox115 0x2c7 0x0d5 0x3c7 0x315 0x4c7 0x155 0x5¢7 0x355 0x6¢7 0x1d5 0x7c7 0x3d5
0x0c8 0x5cf 0x1c8 | Oxllcf | 0x2c8 Oxdcf 0x3c8 | Ox3lcf | 0x4c8 | Ox15cf | 0x5c¢8 | 0x35c¢f | 0x6¢8 | Oxldef [ 0x7c8 0x3dcf
0x0c9 0x5cc 0x1c9 | Oxllcc | 0x2c9 Oxdcc 0x3¢9 | 0x3lcc | Ox4c9 | OxIS5cc | 0x5¢9 | 0x35cc | 0x6¢9 | Oxldec [ 0x7c9 0x3dcc
0x0ca 0x5cd Oxlca | Oxlled | Ox2ca Oxdcd Ox3ca | Ox3lcd | Oxdca | Ox15cd | Ox5ca [ 0x35cd | Ox6ca | Oxlded | O0x7ca 0x3dcd
0x0cb 0x057 Ox1cb 0x117 0x2cb 0x0d7 0x3cb 0x317 0Ox4cb 0x157 0x5¢cb 0x357 0x6¢b 0x1d7 0x7cb 0x3d7
0x0cc 0x5f3 Oxlec | Ox11f3 | 0x2cc 0xdf3 0x3cc | 0x31f3 | Oxdcc | OxI5f3 | Ox5cc [ 0x35f3 | Ox6ec | OxIdf3 | Ox7cc 0x3df3
0x0cd 0x5f0 Oxled | OxI1f0 | Ox2cd 0xdf0 0x3cd | Ox31f0 | Oxded | 0x15f0 | Ox5cd | 0x35f0 | Ox6ed | 0x1dfo [ 0x7cd 0x3df0
0x0ce 0x5f1 Oxlce | Ox11fl 0x2ce 0xdfl 0x3ce | 0x31fl Ox4ce | Ox15fl | Ox5ce | 0x35fl Ox6ce | Ox1dfl 0x7ce 0x3dfl
0x0cf | 0x054 Oxlcf Ox114 0x2cf | 0x0d4 Ox3cf | 0x314 Ox4cf 0x154 Ox5cf | 0x354 Ox6cf | Ox1d4 0x7cf 0x3d4
0x0d0 0x5d7 0x1d0 | 0x11d7 | 0x2d0 0xdd7 0x3d0 | 0x31d7 [ 0x4d0 | Ox15d7 | 0x5d0 | 0x35d7 [ 0x6d0 | Ox1dd7 | 0x7dO 0x3dd7
0x0d1 0x5d4 0x1d1l | 0x11d4 | 0x2dl1 0xdd4 0x3d1 | 0x31d4 [ Ox4dl | Ox15d4 | 0x5dl1 | 0x35d4 | O0x6d1 | Oxldd4 | 0x7dl 0x3dd4
0x0d2 0x5d5 0x1d2 | 0x11d5 | 0x2d2 0xdd5 0x3d2 | 0x31d5 [ Ox4d2 | OxI5d5 | 0x5d2 | 0x35d5 | 0x6d2 | Oxldd5 | 0x7d2 0x3dd5
0x0d3 0x5¢3 0x1d3 | Ox11c3 | 0x2d3 0xdc3 0x3d3 | 0x31c3 [ 0x4d3 | 0x15¢3 | 0x5d3 | 0x35¢3 | 0x6d3 | Oxlde3 | 0x7d3 0x3dc3
0x0d4 0x5f7 0x1d4 | Ox11f7 | 0x2d4 0xdf7 0x3d4 | 0x31f7 [ Ox4d4 | Ox15f7 | 0x5d4 | 0x35f7 | O0x6d4 | Ox1df7 | 0x7d4 0x3df7
0x0d5 0x5f4 0x1d5 | Ox11f4 [ 0x2d5 Oxdf4 0x3d5 | 0x31f4 [ Ox4d5 | Ox15f4 | 0x5d5 | 0x35f4 | O0x6d5 | Ox1df4 | 0x7d5 0x3df4
0x0d6 0x5f5 0x1d6 | Ox11f5 | 0x2d6 0xdf5 0x3d6 | 0x31f5 [ 0x4d6 | Ox15f5 | 0x5d6 | 0x35f5 | 0x6d6 | Ox1df5 | 0x7d6 0x3df5
0x0d7 0x075 0x1d7 0x135 0x2d7 0x0f5 0x3d7 0x335 0x4d7 0x175 0x5d7 0x375 0x6d7 0x1f5 0x7d7 0x3f5
0x0d8 0x5df [ Ox1d8 [ Ox11df | 0x2d8 Oxddf | 0x3d8 | Ox31df | 0x4d8 | Ox15df [ 0x5d8 | 0x35df | Ox6d8 | Oxlddf [ 0x7d8 0x3ddf
0x0d9 0x5dc 0x1d9 | Oxlldc | 0x2d9 0Oxddc 0x3d9 | 0x31dc [ 0x4d9 | Ox15dc | 0x5d9 | 0x35dc [ 0x6d9 | Oxlddc | 0x7d9 0x3ddc
0x0da 0x5dd Oxlda | Ox11dd | Ox2da 0xddd 0x3da | 0x31dd | Ox4da | Ox15dd | Ox5da | 0x35dd | Ox6da | Oxlddd | 0x7da 0x3ddd
0x0db 0x077 0Ox1db 0x137 0x2db 0x0f7 0x3db 0x337 0Ox4db 0x177 0x5db 0x377 0x6db 0x1£7 0x7db 0x3f7
0x0dc 0x5ff Oxldc | Ox11ff | Ox2dc Oxdff 0x3dc | Ox31ff | Ox4dc | OxISff | Ox5dc | Ox35ff | Ox6dc | OxIdff [ 0x7dc 0x3dff
0x0dd Ox5fc Oxldd | OxIlfc | 0Ox2dd Oxdfc 0x3dd | Ox31fc | Ox4dd | OxI5fc [ 0x5dd | 0x35fc 0x6dd | Oxldfc | 0x7dd 0x3dfc
0x0de 0x5fd Oxlde | OxIIfd | Ox2de Oxdfd 0x3de | Ox31fd | Ox4de | Ox15fd | Ox5de | 0x35fd | Ox6de | Oxldfd [ O0x7de 0x3dfd
0x0df | 0x074 Ox1df | 0x134 0x2df 0x0f4 0x3df | 0x334 Ox4df | 0x174 0x5df | 0x374 0x6df Ox1f4 0x7df 0x3f4
0x0e0 0x7¢7 Oxle0 | 0x13c7 | 0x2e0 0xfc7 0x3e0 | 0x33c7 | 0x4e0 | 0x17¢7 | 0x5¢0 | 0x37c¢7 | 0x6e0 | Ox1fc7 0x7e0 0x3fc7
0x0el 0x7c4 Oxlel 0x13c4 | Ox2el Oxfc4 0x3el 0x33c4 [ Oxdel 0x17c4 | Ox5el 0x37c4 | 0Ox6el Ox1fc4 | Ox7el 0x3fc4
0x0e2 0x7c5 Oxle2 | Ox13c5 | 0x2e2 Oxfcs 0x3e2 | 0x33c5 | Ox4e2 | Ox17¢5 | 0x5e¢2 | 0x37c5 | 0x6e2 Ox1fcs 0x7e2 0x3fc5
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Table 8 — 11b7S Encoder/Decoder Table (cont’d)
11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S 11b 7S
b[10:0](b[13:0](b[10:0]{b[13:0]|b[10:0]|b[13:0]|b[10:0](b[13:0]|b[10:0]|b[13:0]|b[10:0]|b[13:0](b[10:0]|{b[13:0]|b[10:0]| b[13:0]
0x0e3 0x7cl Oxle3 | Ox13cl 0x2e3 Oxfel 0x3e3 | 0x33cl Ox4e3 | Ox17cl 0x5e3 | 0x37cl 0x6e3 Ox1fcl 0x7e3 0x3fcl
0x0e4 0x7d3 Oxle4 | 0x13d3 | Ox2e4 0xfd3 0x3e4 | 0x33d3 | Ox4e4 | 0x17d3 | Ox5e4 | 0x37d3 | Ox6e4 | Ox1fd3 0x7e4 0x3fd3
0x0e5 0x7d0 Oxle5 | 0x13d0 | 0x2e5 0xfd0 0x3e5 | 0x33d0 | Ox4e5 | 0x17d0 | 0x5e5 | 0x37d0 | Ox6e5 | 0x1fd0 [ 0x7e5 0x3fd0
0x0e6 0x7d1 Oxle6 | 0x13d1 | 0x2e6 Oxfd1l 0x3e6 | 0x33d1 Ox4e6 | 0x17d1 [ Ox5e6 | 0x37d1 0x6e6 | Ox1fdl 0x7e6 0x3fd1
0x0e7 0x05d Ox1le7 Ox11d 0x2e7 0x0dd 0x3e7 0x31d Ox4e7 0x15d 0x5e7 0x35d 0x6e7 Ox1dd 0x7e7 0x3dd
0x0e8 0x7cf | Oxle8 | Ox13cf | 0x2e8 Oxfef 0x3e8 | 0x33cf | Ox4e8 | Ox17cf | 0x5e8 | 0x37cf | Ox6e8 | Oxlfcf [ 0x7e8 0x3fcf
0x0e9 0x7cc Ox1e9 | Ox13cc | 0x2e9 Oxfec 0x3e9 | 0x33cc | 0x4e9 | Ox17cc | 0x5¢9 | 0x37cc | 0x6e9 Ox1fcc 0x7¢9 0Ox3fcc
Ox0Oea 0x7cd Oxlea | 0x13cd | Ox2ea Oxfed Ox3ea | 0x33cd | Oxd4ea | Ox17cd | Ox5ea | 0x37cd Ox6ea | Oxlfcd Ox7ea 0x3fed
0x0eb 0x05f [ Oxleb 0x11f | 0x2eb 0x0df | 0x3eb 0x31f | Ox4eb 0x15f | 0x5eb 0x35f | Ox6eb Ox1df | 0x7eb 0x3df
0x0ec 0x7f3 Oxlec | Ox13f3 | Ox2ec 0xff3 Ox3ec | 0x33f3 Oxdec | Ox17f3 | OxSec | 0x37f3 Ox6ec Ox1ff3 0x7ec 0x3ff3
0x0ed 0x7f0 Oxled | Ox13f0 | Ox2ed 0xff0 Ox3ed | 0x33f0 | Oxded | 0x17f0 | Ox5ed | 0x37f0 | Ox6ed | OxIff0 0x7ed 0x3ff0
0x0ee 0x7f1 Oxlee | Ox13fl | Ox2ee 0xff1 Ox3ee | 0x33fl | Oxdee | Ox17fl | Ox5ee [ 0x37fl | Ox6ee | OxIffl 0x7ee 0x3ff1
0x0ef 0x05¢ Oxlef Ox1lc Ox2ef 0x0dc Ox3ef 0x31c Oxdef 0x15¢ Ox5ef 0x35¢ Ox6ef Ox1dc 0x7ef 0x3dc
0x0f0 0x7d7 0x1f0 | 0x13d7 | 0x2f0 0xfd7 0x3f0 | 0x33d7 | O0x4f0 | 0x17d7 | 0x5f0 [ 0x37d7 | Ox6f0 | OxIfd7 | O0x7f0 0x3fd7
0x0f1 0x7d4 O0x1fl | 0x13d4 | 0x2f1 0xfd4 0x3fl | 0x33d4 | Ox4fl | 0x17d4 | 0x5fl [ 0x37d4 | O0x6f1 Ox1fd4 | 0x7f1 0x3fd4
0x0f2 0x7d5 0x1f2 | 0x13d5 | Ox2f2 0xfd5 0x3f2 | 0x33d5 | Ox4f2 | O0x17d5 | 0x5f2 | 0x37d5 | Ox6f2 | Ox1fd5 [ 0x7f2 0x3fd5
0x0f3 0x7¢3 O0x1f3 | 0x13c¢3 | 0x2f3 0xfc3 0x3f3 | 0x33c¢3 | Ox4f3 | 0x17c3 | 0x5f3 [ 0x37¢3 | 0x6f3 Ox1fc3 0x7f3 0x3fc3
0x0f4 0x7f7 Oox1f4 | 0x13f7 | 0x2f4 0xff7 0x3f4 | 0x33f7 | Ox4f4 | Ox17f7 | Ox5f4 | 0x37f7 | Ox6f4 | Ox1ff7 | Ox7f4 0x3ff7
0x0f5 0x7f4 0x1f5 0x13f4 0x2f5 Oxff4 0x3f5 0x33f4 0x4f5 0x17f4 0x5f5 0x37f4 0x6f5 Ox1ff4 0x7f5 0x3ff4
0x0f6 0x7f5 ox1f6 | 0x13f5 | Ox2f6 0xff5 0x3f6 | 0x33f5 | Ox4f6 | Ox17f5 | Ox5f6 | Ox37f5 | O0x6f6 | OxIff5 0x7f6 0x3ff5
0x0f7 0x07d 0x1£7 0x13d 0x2f7 0x0fd 0x3f7 0x33d 0x4f7 0x17d 0x5f7 0x37d 0x6f7 Ox1fd 0x7f7 0x3fd
0x0f8 0x7df 0x18 0x13df | 0x2f8 Oxfdf 0x3f8 0x33df | O0x4f8 0x17df | 0x5f8 | 0x37df [ O0x6f8 Ox1fdf | 0x7f8 0x3fdf
0x0f9 0x7dc 0x1f9 | 0x13dc | 0x2f9 Oxfdc 0x3f9 | 0x33dc | 0x4f9 | 0x17dc | 0x5f9 [ 0x37dc | 0x6f9 | Oxlfdc | 0x7f9 0x3fdc
0x0fa 0x7dd Oxlfa | 0x13dd | Ox2fa 0xfdd Ox3fa | 0x33dd [ Ox4fa | Ox17dd | Ox5fa | 0x37dd [ Ox6fa | Oxlfdd | Ox7fa 0x3fdd
0x0fb 0x07f 0x1fb 0x13f 0x2fb 0x0ff 0x3fb 0x33f 0x4fb 0x17f 0x5fb 0x37f 0x61b Ox11f 0x7fb 0x3ff
0x0fc Ox7ff Ox1fc O0x13ff | Ox2fc Oxfff 0x3fc 0x33ff | Oxdfc Ox17ff | Ox5fc [ Ox37ff | Oxo6fc OxIfff | Ox7fc Ox3fff
0x0fd 0x7fc Oox1fd | Ox13fc | Ox2fd Oxffe 0x3fd | 0x33fc | Ox4fd | Ox17fc | Ox5fd | 0x37fc | Ox6fd | Oxlffc 0x7fd 0x3ffc
0x0fe 0x7fd Ox1fe 0x13fd Ox2fe Oxffd 0x3fe 0x33fd | Ox4fe 0x17fd Ox5fe | 0x37fd Ox6fe Ox1ffd 0x7fe 0x3ffd
0x0ff 0x07¢c Ox1ff 0x13c 0x2ff 0x0fc 0x3ff 0x33c Ox4ff 0x17¢ 0x5ff 0x37¢ 0x6ff Ox1fc 0x7ff 0x3fc
NOTE 1 The values in columns are encoded in [MSB:LSB].

NOTE 2 The 7S columns show the internal binary representation of the PAM3 symbols that translate in signal levels as described
in TABLE 4.
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2.9 PAMS3 (cont’d)

The total burst transfer payload per channel is encoded using 23 x 11b7S and 1 x 3b2S for the data, 6 x 3b2S for the CRC and 1 x 2b1S for the
SEV/PSN, it adds up to the 176 PAM3 symbols that can be allocated for a 16 burst over 11 data lines. The logical to physical lane mapping, burst
order and bit-to-symbol encoder grouping is shown in FI/GURE 7.

Bit b0 bl b2 b3 b4 b5 b6 b7 b8 b9 b10b11b12b13b14b15b16b17b18b19b20b21b22b23b24b25b26b27b28b29b30b31 Symbol SO S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
Data

Lane Pins

01 23 456 7 8 910123 456789 0 0 1 2 3 4 5 6 1
0 E.2 E_3 DQo E_3 E.2 E_3
01 2 3 456 7 89100123 456 7 810 070 1 2 3 4 5 6 1
1 E_5 E6 g3 DQl E_6 E5 E_6
) 017234567 89100 12345670910 00 1 2 3 4 5 6 1
E_8 E9 E6 Q E9 E.8 E9
s 01234567 8910123456891 0 0 1 2 3 4 5 6 1
E_11 E_12 E_9 Q E_12 E_11 E_12
23 4 5 6 2 3 4 5 6 2 3 4 5 6 PE
DQs E_3 E_6 E_9 E_12
bop BEIEMSINEN 0 1 2 3 4 5 6 7 9 10 11

QE  bp1s E_12 CRC (6 x 3b25)
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NOTE 1 The 11b7S encoders/decoders are labelled as E_*, indexed from 1 to 23. The data remainder is labelled as 3bS, same as the CRC. The Severity and Poison is labelled as
2blS.

NOTE 2 The bit and symbol indexes indicate input/output order (LSB first, MSB last).
NOTE 3 For details about the DQE burst CRC bit order please check the RE4D AND WRITE CRC section.

NOTE 4 The 3b2S encoder in DQ4 and the 2b1S encoder in DQE operate in an alternative way when in DPP mode, to allow transferring Poison and DPP parity, please refer to
the Da74 PATH PROTECTION (DPP) section for details.

Figure 7— PAM3 Burst Data Mapping
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2.9.3 Recommended Implementation of the 11b7S Encoder / Decoder

The implementation of the 11b7S encoder/decoder can be efficiently achieved by a combination of 5b3S
and 7b4S encoders/decoders and the check bit truth table shown in 74BLE 9, TABLE 10, and TABLE 11,
respectively. The resulting 11b7S truth table is shown in 74B8LE 8. The RTL code implementation of the
encoder / decoder is shown in :

o Encoding: The encoder first checks if the first 5 data bits can be mapped to one of 26 sets of 3
PAM3 symbols. The 12 bits of intermediate data are generated according to the result (check bit)
and T4BLE 10 (b_p table). Finally, the first 5 bits and the remaining 7 bits of intermediate data are
encoded by 74BLE 9 (5b3S table) and T4BLE 11 (7b4S table), respectively, to produce 7 PAM3
symbols.

e Decoding: The 5b3S and 7b4S decoders are used to decode the first 3 and the remaining 4 PAM3
symbols to produce 12 bits of intermediate data. 11 bits of original data is recovered according to
the check bit (obtained directly from 7b4S decoding result) and 74BLE 10 (b_p table).

module pam3_enc(input [10:0] i din, output [13:0] o_encoded);

wire [10:0] b_i;
wire [11:0] b;

wire [5:0] t0_5;

wire [7:0] t6_13;

wire chk;

assign b_i = i din;

assign chk = (b i[0] & b i[1] & b i[3]) | (b _i[0] & b i[1] & b i[2]):

assign b = chk ? {b i[10:7], , b i[61, b i[51, b i[41, ~b i[31, b i[?] & b i[3]1} {b i[10:5], ,

b _i[4:01};

assign t0_5 = {(b[”] & b[4]) | (b[2] & b[3]), ((~b[01) & b[4]) | ((~b[1]) & b[4]) | b[2]1, ((~b[2]1) & b[3]) |
(b[3] & b[4]), ((~b[01) & (~b[21)) | ((~b[1]) & (~b[2]1)) | (b[2] & b[4]), (P[O] & Db[1] & b[4]) |
((~b[0]) & (~b[11)), (~b[C]1) | b[L1};

assign t6_13 = {((~b[°]) & Db[°] & b[11]) | ((~b[8]) & Db[°] & b[11]1) | ((~b[5]) & DbI[°] & b[L0]1) | ((~b[3]) &
b[9] & b[10]), ((~b[5]) & b[L1]) | ((~b[Z]) & Db[11]1) | ((~b[5]) & b[9]) | ((~b[2]) & DbI°1),
((~b[5]) & (~b[9]) & b[10]) | ((~b[3]) & (~b[9]) & b[10]) | ((~b[5]) & b[10] & b[11]) | ((~b[3]1)
& b[10] & b[11]), ((~b[5]1) & (~b[°1)) | ((~b[8]) & (~b[91)) | ((~b[5]1) & b[11]) | ((~b[3]) & b[11]),
(b[5] & b[8] & b[9] & b[11]) | (b[°] & b[S] & b[9] & b[10]) | (b[c] & b[E]) | (b[6] & b[/]),
((~b[5]) & bI&]1) | (b[8] & bI[11]) | (b[E] & b[9]) | bI6], (b[°] & bI3] & (~b[9]) & b[L0]) | (b[°]
& b[C] & b[10] & b[11]) | ((~b[c]) & b[/1) | (b[/] & b[E]), ((~b[5]1) & (~b[5])) | (P[] & (~b[9]))
| (b[3] & b[11]) | (b[C] & bIZ])};

assign o_encoded = {t6_13, t0_5};

endmodule
module pam3_dec(input [12:0] i din, output [10:0] o_decoded);

wire [

wire [

201
201

wire chk;

t;

b;

Figure 8 — RTL Code Implementation of the 11b7S Encoder/Decoder
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2.9.3 Recommended Implementation of the 11b7S Encoder / Decoder (cont’d)

Table 9 — 5b3S Encoder/Decoder Table

b[0:4] | t[0:1] | ¢[2:3] | t[4:5] | chk b[0:4] | t[0:1] | t[2:3] | t[4:5] | chk
00000 | +1 0 1 0 10000 | -1 0 -1 0
00001 | +1 0 0 0 10001 1 0 0 0
00010 | +1 +1 1 0 10010 | -1 +1 -1 0
00011 | +1 +1 0 0 10011 1 +1 0 0
00100 | +1 1 0 0 10100 | -1 1 0 0
00101 | +1 0 +1 0 10101 1 0 +1 0
00110 | +1 1 +1 0 10110 | -1 1 +1 0
00111 | +1 +1 +1 0 10111 1 +1 +1 0
01000 0 0 1 0 11000 0 1 -1 0
01001 0 0 0 0 11001 | +1 -1 -1 0
01010 0 +1 1 0 11010 | X X X +1
01011 0 +1 0 0 11011 X X X +1
01100 0 1 0 0 11100 | X X X +1
01101 0 0 +1 0 11101 X X X +1
01110 0 ] +1 0 1110 | X X X +1
01111 0 +1 +1 0 11111 X X X +1

Table 10 — Check Bit Truth Table (b_p)

b[0:4] b_p[0] b_p[1] b_p[2]
11010 0 0 0
11011 0 0 1
11100 0 1 0
11101 0 1 1
11110 1 0 0
11111 1 0 1
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2.9.3 Recommended Implementation of the 11b7S Encoder / Decoder (cont’d)
Table 11 — 7b4S Encoding/Decoding Table

b[5:11] | t[6:7] | t[8:9] |t[10:11]|¢t[12:13](| b[5:11] | t[6:7] | t[8:9] [¢t[10:11]|t[12:13]| b[S:11] | t[6:7] | t[8:9] [t[10:11]|t[12:13]
0000000 | 0 -1 0 -1 0100000 | -1 0 0 -1 1000000 [ -1 -1 0 -1
0000001 | © -1 0 0 0100001 | -1 0 0 0 1000001 | -1 -1 0 0
0000010 | 0 -1 +1 -1 0100010| -1 0 +1 -1 1000010 [ -1 -1 +1 -1
0000011 | © -1 +1 0 0100011 | -1 0 +1 0 1000011 | -1 -1 +1 0
0000100 | © -1 -1 0 0100100 | -1 0 -1 0 1000100 [ -1 -1 -1 0
0000101 | © -1 0 +1 |loto0101| -1 0 0 +1 1000101 | -1 -1 0 +1
0000110 | © -1 -1 +1 |[ot00110| -1 0 -1 +1 1000110 [ -1 -1 -1 +1
0000111 [ © -1 +1 +1 |lotoot1t| -1 0 +1 +1 1000111 | -1 -1 +1 +1
0001000 [ © 0 0 -1 0101000 © +1 0 -1 1001000 [ 0 -1 -1 -1
0001001 | © 0 0 0 0101001 [ 0 +1 0 0 1001001 [ 0 0 -1 -1
0001010 [ © 0 +1 -1 0101010 0 +1 +1 -1 1001010 | +1 -1 -1 -1
0001011 [ © 0 +1 0 0101011 0 +1 +1 0 1001011 | +1 0 -1 -1
0001100 | © 0 -1 0 0101100 0 +1 -1 0 1001100 [ -1 0 -1 -1
0001101 [ © 0 0 +1 |lotottot| o +1 0 +1 1001101 | 0 +1 -1 -1
0001110 [ © 0 -1 +1 |lotottiof o +1 -1 +1 1001110 | -1 +1 -1 -1
0001111 | © 0 +1 +1 |[oto1111| o +1 +1 +1 1001111 +1 +1 -1 -1
0010000 | +1 -1 0 -1 0110000 [ -1 +1 0 -1 1010000 [ X X X X
0010001 | +1 -1 0 0 0110001 | -1 +1 0 0 1010001 | X X X X
0010010 | +1 -1 +1 -1 0110010| -1 +1 +1 -1 1010010 | X X X X
0010011 | +1 -1 +1 0 0110011 | -1 +1 +1 0 1010011 | X X X X
0010100 | +1 -1 -1 0 0110100 [ -1 +1 -1 0 1010100 | X X X X
0010101 | +1 -1 0 +1 |lot10101| -1 +1 0 +1 1010101 | X X X X
0010110 | +1 -1 -1 +1 |lottot10| -1 +1 -1 +1 1010110 | X X X X
0010111 | +1 -1 +1 +1 |lottottn| -1 +1 +1 +1 1010111 | X X X X
0011000 | +1 0 0 -1 0111000 | +1 +1 0 -1 1011000 [ X X X X
0011001 [ +1 0 0 0 0111001 | +1 +1 0 0 1011001 | X X X X
0011010 | +1 0 +1 -1 0111010 +1 +1 +1 -1 1011010 | X X X X
0011011 | +1 0 +1 0 0111011 [ +1 +1 +1 0 1011011 | X X X X
0011100 | +1 0 -1 0 0111100 +1 +1 -1 0 1011100 | X X X X
0011101 | +1 0 0 +1 |lottttor| +1 +1 0 +1 1o11101 | x X X X
0011110 | +1 0 -1 +1 |lo111110] +1 +1 -1 +1
0011111 [ +1 0 +1 +1 |lorttnn| +1 +1 +1 +1 | x X X X
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2.10 Static Data Scrambler

In PAM3 and NRZ modes, GDDR7 SGRAMs feature a programmable static data scrambler in their internal
read and write data paths that is intended to help overcome potential data dependent signaling issues on

system level by mapping the payload data to different codes. This feature is intended to help improve system
margin.

The feature scrambles memory array read data before they are transmitted, and de-scrambles write data
before they are written to the memory array. Refer to F/IGURE 5 and FIGURE 6 for the location of the data
scramblers in the read and write data paths, respectively.

The data scrambler performs a bitwise XOR operation on the 256 data bits per read or write burst with a
user programmed static scramble code. The same XOR operation with identical scramble code shall be
performed on host side, such that the data scramble on the transmitting side (host or DRAM) is reversed on
the receiving side (DRAM or host). The memory array always stores non-scrambled data.

For the data scramble operation itself, the 256-bit data per read or write burst are organized as 8 DQ x 32
UI (BL32), exactly as they are transmitted in NRZ mode. FIGURE 9 illustrates the correspondence of the
scramble code to these data; the logic is the same for reads and writes. The 32-bit scramble code is
programmed via MR20 and applied to all 8 DQs, with the following options depending on implementation
choice per DRAM vendor:

o 32-bit code: four MRS commands convey 8 code bits each on OP[7:0] while bits OP[11:9] select
the position (byte address) within the 32-bit code. The same 8-bit code for all 4 bytes can be
programmed for devices that support a 32-bit code by setting the byte address to 111 in OP[11:9],
allowing the host to program the scramble code with a single MRS as opposed to four MRS
commands.

o 8-bit code: a single MRS command conveys 8 code bits on OP[7:0]; these 8 bits are internally
replicated to a 32-bit code, and the byte address bits in OP[11:9] are ignored in this case.

Vendor ID3 (IRA 2) bit DQ3 identifies whether the 8-bit or 32-bit scramble code is supported by a
device. The scramble code is set to Og by default, resulting in no data scramble.

DO[31:0 L 32
31:0] 7 7P -1/ 3 COpLO]
D1[31:0 32 > 32
31:0] 7 72| =1 —~A—— CIB10]
5 7 5
<9 8
K= 5
D6[310] i 3 °©
’ 7 ?;2: =1 f—FA——— C6[31:0]
7>
D7[31:0 32 32
13101 7 g =1 f—FA——— C7[31:0]
0-bit 31 24 23 16]15 8 7 0
OP[7:0] OP[70] OP[7:0] oP[7:0]
%Cédaé“ble OP[11:91-011|OP[11:9}010 OP[11:9]=001|OP[11:9]=OOO| MR20
8-bit 31 24 23 16 15 8 7 0
%cct;damble | OP[7:0] | OP[7:0] | OP[7:0] | OP[7:0] |MR20
e

Figure 9 — Code Mapping of the Static Data Scrambler
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2.11 ERR Signal

GDDR7 DRAMs include an error signal (ERR) per channel that is an output only signal used to convey
either Write CRC errors (WRCRC), Command Address Parity errors (CAPAR) or DPP Parity errors to the
host.

ERR is a PAM3 output in both PAM3 and NRZ mode. ERR output is encoded as shown in 74BLE 12 in
both PAM3 mode and NRZ mode when SEV2ERR is disabled. When SEV2ERR is enabled the ERR is
encoded as in 7able 13. ERR pulse width is 1 nCK4 cycle and includes an analogue delay, tWCK2ERRO
as shown in Figure 0.

Table 12 — ERR PAM3 Encoding (PAM3 and NRZ Mode)

Trit | Binary | Error Type Mode Register ERR Latency
1 1 No Error Either CAPAR or Either CAPAR2ERR or
WRCRC or both WRCRC2ERR or both
Either WRCRC (MRO
0 01 WRCRC Error OP4) or DPP (MR8 OP8) [ WRCRC2ERR (MR2 OP[11:7])
or both
-1 00 CAPAR Error CAPAR (MR15 OPO0) CAPA(};I% ﬁlil;()MRl >

NOTE 1: In DPP mode the ERR signal level 0 indicates WRCRC and DPP parity errors, for details please check the D474 Parn
ProtECTION (DPP) section if the device supports this optional operating mode.

If enabled, WRCRC errors or DPP Parity errors are checked on the WR burst, and the outcome is sent to
the host after the programmed WRCRC2ERR according to the following formula.

WRCRC2ERR * tCK4 + tWCK2ERRO

If enabled, CA parity is checked every CK4 cycle, and the outcome is sent to the host via the ERR signal
after the programmed CAPAR2ERR. GDDR?7 devices may support a fixed latency, a variable latency or
both for CAPAR2ERR. Vendor datasheets should be consulted to see what modes are supported.

For fixed CAPAR2ERR latencies (MR15 OP[11:8] =0001g to 1111g), the outcome is sent to the host via
the ERR after the programmed value according to the following formula.
CAPAR2ERR * tCK4 + tWCK2ERRO

In the case of variable CAPAR2ERR latency (MR15 OP[11:8] = 0), the latency range can be calculated per
the following formula.

RU { tWCK2ERRINT / tCK4 } + tWCK2ERRO

See the Latency Timings table (T7ABLE 144) inthe AC TIMINGS section for the min/max for CAPAR2ERR
(either or both modes) and WRCRC2ERR at the frequency of operation.

Ifboth CAPAR and WRCRC error types need to be signaled on the same cycle, only the CAPAR error will
be signaled to the host as shown in Figure 136.
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2.11 ERR Signal (cont’d)

GDDR7 SGRAMSs support an optional feature, SEV2ERR mode, whereby the Severity (SEV) info that is
normally sent to the host on the DQE signal on reads is transmitted on the ERR signal. The SEV2ERR
mode is only supported in NRZ mode when WRCRC, RDCRC, DPP and Poison are disabled, and Severity
is on. The SEV2ERR mode is a power savings feature that allows the host to also disable the DQE (High-
Z) in NRZ mode and still retain Severity. The Severity is encoded in place of the WRCRC as shown in
T4BLE 13. The Severity is sent to the host after tSEV2ERR from the Read command. SEV2ERR mode is
enabled with MR5 OP9 = 1. DQE is disabled (High-Z) with MR5 OP10 = 0g (DQE_HZ). See

FIGURE 103 in the READ section for a NRZ Read with both SEV2ERR mode and DQE HZ enabled.

Table 13 — ERR PAMS3 Encoding (Optional SEV2ERR Mode)

Trit Binary Error Type Mode Register ERR Latency
+1 11 No Error CAPAR or SEV2ERR or both | CAPAR2ERR or tSEV2ERR or both
0 01 Severity (SEV) SEV2ERR (MR5 OP9) tSEV2ERR
-1 00 CAPAR Error CAPAR (MR15 OPO0) CAPAR2ERR (MR15 OP[11:8])

The host can determine if the DRAM supports SEV2ERR mode by using the Info Read to check the
SEV2ERR field.

TABLE 14 summarizes the state of the ERR signal when certain features that use the ERR signal are enabled
or disabled. If CAPAR, WRCRC, SEV2ERR DPP, and CSP feedback are disabled, then the state of the
ERR signal is High-Z. The ERR signal is High-Z, tMOD after the last feature that requires ERR is disabled.
The ERR signal is High-Z in Sleep modes after tCPDED expires.
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2.11 ERR Signal (cont’d)
Table 14 — Features using ERR and the ERR Signal State
ERR state Setting ERR State (Sync) ERR State (Async)
No Error: +1
CAPAR Enabled WRCRC error: 0
MR15 OPO CAPAR error: -1
Disabled +1, but High-Z if all disabled
No Error: +1
WRCRC Enabled WRCRC error: 0
MRO OP4 CAPAR error: -1
Disabled +1, but High-Z if all disabled
No Error: +1
SEV2ERR Enabled SEV error: 0
MRS5 OP9 CAPAR error: -1 High-Z
Disabled +1, but High-Z if all disabled
CSP/No Error: +1
CSP_FB (opt.) Enabled No CSP: 0
MR1S5 OP2 CAPAR error: -1
Disabled +1, but High-Z if all disabled
No Error: +1
Dee o) prcs | DR e
MR8 OP8 CAPAR error: -1
Disabled +1, but High-Z if all disabled

See the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL section for more details on the ERR behavior
when CAPAR is enabled. See the WRITE section for more details on the ERR behavior when WRCRC is
enabled.

CAPARZERR or
WRCRC2ERR or tSEV2ERR
WCK_c
WCK_t
tWCK2ERRO
+1
ERR V\/ \N
. M LM LM
NOTES:

1. CAPAR2ERR is the CA Parity Error Latency programmed in Mode Register MR15.
2. WRCRC2ERR is the Write CRC Error Latency programmed in Mode Register MR2.
3. tSEV2ERR is the Severity Latency during SEV2ERR mode.

Figure 10 — ERR Lane Timing
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2.12 Simplified State Diagram

The state diagram provides a simplified illustration of the allowed state transitions and the related
commands to control them. The following operations are not or not completely shown in the diagram:

state transitions involving more than one bank.

device configurations set at the exit from reset state, including 4 channel mode vs. 2 channel mode.
enabling or disabling of on-die termination.

the procedures for training, WCK frequency change and dynamic voltage switching (DVS).

For a complete description of the device behavior, use the information provided in the state diagram along
with the COMMAND TRUTH TABLE as well as the /DD and AC TIMINGS specifications.

FIGURE 11 uses the code names for the commands listed in T4ABLE 15.

Table 15 — State Diagram Command Codes

Code Command Code Command
ACT Activate MRS Mode Register Set
PRE PREab or PREpb IRD Info Read
RD Read PDE Power-down Entry
RDA Read w/ AP PDX Power-Down Exit
WR Write SRE Self Refresh Entry
WRA Write w/ AP SRX Self Refresh Exit
DT LDFF, WRTR or RDTR SLE Sleep Entry
CATE CA Training Entry SRSE Self Refresh Sleep Entry
CATX CA Training Exit SLX Sleep or Self Refresh Sleep Exit
REF REFpb; RFMab or RFMpb HSRX Hibernate Self Refresh Sleep Exit
REFab REFab CSp Command Start Point
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2.12  Simplified State Diagram (cont’d)
A SYNC. based
S operation
Parity T — — — ftcaparR iNLOCK — — — — — rl(_ZA.B.us i
Block raining
CA0=H SRF
| (CATX) (teate)
tearx
| IDD6H SLX CATE
| (tsux+ ArIN
I HRX MBSt exr) Réfiesh |
Parity error on SLX nt S/ mMm— ™ ™ @/ CSsP
1
any command CAO=H (tsx+ -~ Refresh 4 |

tese_pre)

|
|
| IDD6S
|
|

Cru=i \

SLX

(tsx +

Pre-
PDX (t.
tese_prE) (txe) charge

< Power. ) IDD2P
SLX _ PDE

(tsix +

CATE
tsLx_car

|
|
|
|
|
|
|
|
|
|
|
|
|
TSN - |
Power D N IDD5P \l |
On L5 IDD5B Re- SI:E | |
RESHT n=L i > 7]
) ——————— CATE Re. freshing (trermsie)| | |
% SLE 5 freshing IDDO | |
REFabSLE

ASYNC. based o A | :

operation |6 PDX (t Power- 5 |
PDX(I):)_’_ ()2 “down | |
pover. ) 17 PoE JU
Down | B ——————:- |
| VRS WR Active RD P Y | |
Legend | @, ) I |
egen |

| WR —] Reading |

B 4 - S )

—» Command sequence | IDD4W ~——_ RD N_— IDD4R | |
— — ) Automatic sequence | | |
-~ | | |
/ \ | | |
( | Intermediate state | | |
N -~ | | |
| | |
| |
| |
T |

NOTES:

1.
2.

Commands are blocked if MR15 OPO CAPAR on = 1 and MR15 OP1 CAPAR Command Blocking (CAPARBLK) = 1s.

MRO OP10 SLX2CAT Mode Register. If the register is set to Os before entering Sleep, after the SLX command and tSLX +
tSLX CAT has been met, the DRAM will enter CA Bus Training. If the register is set to 1 before entering Sleep, the DRAM
will await the CSP command after the SLX command and tSLX + tCSP_PRE has been met.

. MRO OP11 SRSLX2CAT Mode Register. If the register is set to Os before entering Self Refresh Sleep, after the SLX command

and tSLX + tSLX CAT has been met, the DRAM will enter CA Bus Training Self Refresh. If the register is set to 15 before
entering Self Refresh Sleep, the DRAM will await the CSP command after the SLX command and tSLX + tCSP_PRE has been
met.

Data Training, Info Read (IRD), and CATE commands are only allowed when the training flag (TR) is set in the REFab
command. Data Training, Info Read and MRS commands are only allowed with the training flag (TR) is set in the SRE command.
See the REFRESH and SELF REFRESH sections for details.

. A MRS command is legal in Bank Active to only certain registers. See the MODE REGISTERS section for details.
. On receiving a PDX command, the DRAM exits to Refreshing state if tRFCab has not expired and bank idle state if tRFCab

has expired.

Figure 11 — Simplified State Diagram
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3 Initialization and Power-Off

GDDR7 SGRAMs must be powered up and initialized in a predefined manner. Operational procedures
other than those specified may result in undefined operation. In general Mode Registers do not have reset
default values except for some selected bits. Please refer to Mode Register section for the Default Mode
Register Setting. If the mode registers are not set during the initialization sequence, it may lead to
unspecified operation.

3.1 Power-Up Initialization

Following RESET during power up initialization or initialization with stable power, CA training mode is
entered automatically. Please refer to Command Address Training section and State Diagram section for
the details. The WCK frequency of this automatic CA training is within fWCKNRZmax. And after this
automatic CA training exit, the device is in NRZ mode by the Default Mode Register Setting. Please note
that the CA inputs will only be guaranteed after the complete CA trainings have been executed. A Command
Start Point command is required to be issued exactly once in the following state transitions to normal
operation. Please see COMMAND START POINT (CSP) section for the detail.

Please note that the ECS Error Log registers associated with UEAL and CEAL and the UECL UE count
register have no defined default upon power up or device reset. Please refer to ERROR CHECK AND SCRUB
(Auro ECS) section.

Power-up Initialization Sequence

1)  Apply power to VPP. Apply power to VDD at the same time or after power is applied to VPP.
Apply power to VDDQ at the same time or after power is applied to VDD. VPP must be higher
than VDD and VDDAQ at all times the device is powered up. For details on voltage requirements
for VDD, VDDQ and VPP during power supply ramp up and down see F/GURE 14. During power
supply ramp time tINITO, RESET n and all other input signals may be in an undefined state
(driven LOW or HIGH, or High-Z) and RESET n is recommended to set to LOW (<0.2 x VDD).

2)  The voltage levels on all signal balls must be less than or equal to VDD and VDDQ on one side
and must be larger than or equal to VSS on the other side.
3) Assert RESET n LOW. Maintain RESET n LOW for a minimum time of tINIT1. After tINIT4
time has elapsed, the ERR and RCK t/c are High-Z, and all DQ and DQE ODT are off.
4)  Set system configuration info at least a time tATS before RESET n is driven HIGH:

a. Drive CA0_A, CAO_B, CAO0_C and CAO_D HIGH for 4 CH mode
or CAO_A and CAO0_C LOW for 2 CH mode.
In 2CH mode, CAO0_B and CA0O_D are don’t care in this configuration selection and all
CA, WCK_tand WCK_c input of channels B and D may be left floating.

b.  For each active channel, drive CA2 per T4BLE 17 to select WCK Termination.
For each active channel, drive CA1 per T4BLE 18 to select CA bus termination of each
channel.

d.  For each active channel, drive CA[4:3] high.
For each active channel, drive WCK t and WCK ¢ to static LOW and HIGH levels,
respectively.

f. After meeting tATS requirement, drive RESET n HIGH
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Power-Up Initialization (cont’d)

After RESET n is pulled HIGH, maintain CA[4:0] for a minimum time of tATH.

Drive CA[4:0] HIGH after tATH is satisfied. Assert and hold RNOP2 and CNOP2 commands.
The device completes the initial impedance calibration before tINIT2 expires; this will be done
without external clocks. Latest after tINIT2 the device enables the WCK and CA ODT as
determined in steps 4 and 5.

Provide a stable WCK clock for a minimum of tINIT3 cycles. The maximum allowed WCK
frequency during device initialization is fWCKNRZ(max), the WCK frequency can be changed
after initialization to any other value within the allowed fWCK range, following the procedure
described in the FREQUENCY CHANGE SEQUENCE (FWCK) section. Maintain a stable WCK
clock indefinitely. The WCK clock may only be stopped when the device is put into self refresh
sleep or sleep (see Sleep for timing requirements on stopping and enabling the WCK clock). The
device state will be undefined when the WCK clock is stopped outside of self refresh sleep or
sleep, and a chip reset as outlined in the Initialization with Stable Power section would be
required before the GDDR7 SGRAM can return to normal operation.

After tINIT3 time, the device automatically enters CA training mode.
Complete CA training (optional).

After CA Training exit by CATX command, assert and hold RNOP2 and CNOP2 command for
a minimum time of tCSP_PRE.

Issue CSP command and hold RNOP2 and CNOP2 commands for a minimum time of
tCSP_POST.

Issue MR11 to map Logical Signal of DQ[9:0]. (optional) The Logical Signals to Physical Pin
Mapping for DQ[9:0] are also specified in Signals of Package Specification section.

Issue Info Read commands to read the Vendor ID. (optional). As there is no default RL during
initialization, the default latency for the Info Read command is vendor specific and will be
between 10 and 18 nCK4. See vendor datasheets for the default value or the host can use back-
to-back IRD commands to capture the IRD output, as described in the Info Read section.

Issue MRS commands to the mode registers in any order with appropriate values. All these
features must be programmed before Read and Write training, and tMOD must be met during
this procedure. Note that by default, the settings for the Mode Registers 10 to 15, also known as
Frequency Dependent Mode Registers, are postponed until the next Sleep or Self Refresh Sleep
entry/exit sequence, unless the FD_FLAG is set (MRO OP11 = 1g). In that case the registers are
updated after tMOD or tMOD15. This is particularly important for the case that the device
requires the host to program the WCK Frequency (MR 12 OP[8:4]), as MR 12 can only be updated
with a Sleep or Self Refresh Sleep entry/exit sequence. Failure to do so may lead to operation not
guaranteed as the default value of WCK Frequency register is meant for power up and reading
of vendor ID only.

After any necessary training sequences such as READ training (LDFF, RDTR) and WRITE
training (WRTR, RDTR, RDTREC), the device is ready for normal operation.
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3.1 Power-Up Initialization (cont’d)
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NOTE 1 CK4 (int) is sync. for illustration. (may not be synchronize. before CSP Command)
NOTE 2 RCKMODE is disabled by Mode Register Default Settings.
NOTE 3 (*) Channel A and Channel C only in 2-channel mode and all Channel in 4-channel mode.
NOTE 4

the command. See the CLOCKING section for more details.
NOTE 5

Figure 12 — Power-up Initialization

Any commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for timings is to the last CK4 cycle of

Ta is the point when any supply first reaches 0.3V. Tb is the point when all supply voltages are within their defined ranges.
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3.1 Power-Up Initialization (cont’d)
Table 16 — Device Initialization Timings
Value
Parameter Symbol Unit Notes
Min Max
Power supply ramp time tINITO 0.01 200 ms
RESET n initial LOW time after power-up tINIT1 200 - us
Time after RESET n de-assertion before starting the WCK clock tINIT2 4 - ms
Stable CK4 (int.) clock cycles before CA Bus Training tINIT3 100 - nCK4
Time from RESET n assertion to ERR and RCK t/ c are High-Z,
and all DQ and DQE ODT are off UNIT4 ) 100 ns
CA[4:0] setup time before RESET n de-assertion tATS 10 - ns
CA[4:0] hold time after RESET n de-assertion tATH 10 - ns
RESET n LOW time with stable power tRES 100 - ns
Temperature sensing time after RESET n deassertion tVALTEMP 4 ms
CSP command preamble delay tCSP_PRE ns
: CAPARBLK disabled ns

dCSIP command to valid command {CSP_POST

clay CAPARBLK enabled ns

Table 17 — WCK Termination

CA2 Default WCK Termination Value
LOW Disabled
HIGH 48 Ohm
Table 18 — CA Termination
CAl Default CA Termination Value
LOW Disabled
HIGH 48 Ohm
Table 19 — 4CH / 2CH Mode
CAO0_A CA0_ B
CAO:C CAO:D Channel Mode
HIGH HIGH 4 Channel Mode
LOW X 2 Channel Mode
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3.2

The following sequence is required for reset after power-up initialization. This requires that the power has been stable within the specified VDD,
VDDAQ, and VPP ranges since power-up initialization (see FIGURE 13):

1) Assert RESET n LOW anytime when reset is needed.
2) Hold RESET n LOW for minimum tRES. Assert and hold RNOP2 and CNOP2 commands.
3) Continue with step 4 of the power-up initialization sequence.

Initialization with Stable Power

\ Voltage Stable
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(int) | 5 i ] i § : S II’ \\_ éé_/l \\_ - _/.’ ‘\_ g_qv \\_ % /.’ \\_ - _II \\_ 5_1 \\_ - _II
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ERR wy : 7 1 7 1 7 7 7 7 ! O Don't’ Care
tinimt ! tinim2 | tiniTs ! Execution of steps 7-15 in Power-up sequence ' A.C. =Any Command
NOTE 1 CK4 (int) is sync. for illustration. (may not be synchronize. before CSP Command)
NOTE 2 RCKMODE is disabled by Mode Register Default Settings.
NOTE 3 (*) Channel A and Channel C only in 2-channel mode and all Channel in 4-channel mode.
NOTE 4 Any commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for timings is to the last CK4 cycle of

the command. See the CLOCKING section for more details.

Figure 13 — Initialization with Stable Power
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3.3 Controlled Power-Off Sequence

For a controlled GDDR7 power off sequence, when all the power supplies are below 0.3 V, the device is
considered powered off and the VPP > VDD and VDDQ requirement does not need to be observed below
that level. The controlled power-off sequence begins at the point when any supply drops below the
minimum operating voltage and must be completed within tPOFF.

3.4 Operating Voltages During Power-Up And Power-Off

a) VDD & VDDQ Single Power Supply b) VDD & VDDQ Separate Power Supplies (VDD > VDDQ)
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T
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|
| |
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§ | N
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| |
| “l
| A
} [vDDQ-VDD] <03V }

|
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| |
| )
| |
| |
| |
| |
| |
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| |
| |
| |
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+ |

}4— tINITO =200ms —»} }47 tPOFF —»} } «— tINITO = 200ms — | } < tPOFF » }
| PowerSupply rampup | Initialization & normal operation | Power Supply ramp down | | PowerSupply rampup | Initialization & normal operation | Power Supply ramp down |
c) VDD & VDDQ Separate Power Supplies (VDD = VDDQ, VDD faster ramp) d) VDD & VDDQ Separate Power Supplies (VDD = VDDQ, VDDQ faster ramp)
TO Ta Tb Ty Tz TO Ta Tb Ty Tz

. . . . ' ' ' '
} ! VPP ! } | | VPP | |

| |
| | | | | | | |
| | | | | I | |
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| A A | | e T |
! < VDD = VDDQ | | } < VDD = VDDQ ey !
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I I~ I I I i 1 !
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| | | | I | | {
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I I I I
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NOTE 1 GDDR7 SGRAMs are designed to support PCB designs with separate VDD and VDDQ power supplies.

NOTE 2 Ta is the point when any supply first reaches 0.3V. Tb is the point when all supply voltages are within their defined
operating range. Ty is the point when any power supply drops below the minimum operating value. Tz is the point
where all supplies are below 0.3 V.

NOTE 3 During normal operation (from Tb to Ty) the max allowed voltage difference between VDD and VDDQ is limited by
the allowed operating supply ranges as per 748LE 142 — DC OPERATING CONDITIONS. Absolute Maximum Ratings
must also be observed. For devices that support VDD > VDDQ during normal operation, [VDDQ-VDD] < 0.3 V is
only required during power supply ramp up and ramp down as illustrated in example b).

NOTE 4 Examples a) thru d) illustrate some of the possible scenarios for power supply ramp up and ramp down. The examples

also show possible VDD and VDDQ voltage levels during normal operation that are allowed in this standard. Vendor
datasheets should be consulted to see what VDD and VDDQ are supported.

Figure 14 — Examples of Power Supply Ramp-Up and Ramp-Down
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4  Mode Registers

GDDR?7 specifies 64 mode registers (MRO to MR63) to define the specific mode of operation. MRO to
MRA47 are defined as shown in the overview in 74BLE 2(). MR48 to MR63 are not defined and reserved for
vendor specific features. Reprogramming the mode registers will not alter the contents of the memory array.

Mode registers are programmed via the Mode Register Set (MRS) command and will retain the stored
information until they are reprogrammed, chip reset, or the device loses power. All mode registers must be
fully initialized to the desired values upon power-up or after a subsequent chip reset as part of the
initialization sequence.

Mode registers must be loaded when all banks are idle and no bursts are in progress, and the host must wait
the specified time tMOD before initiating any subsequent operation. Some features require a settling time
larger than tMOD as captured in the notes of the respective register fields. Violating either of these
requirements will result in unspecified operation.

MRS commands to mode registers that control I/O characteristics and interface training related features
may also be issued in bank idle state, as these features do not interfere with the memory array. Mode
registers that can also be programmed in bank active state are:

e MRS5S to MR7
MR16 to MR21
MR23 to MR26

No default states are defined for mode registers except for those functions that are required to be initialized
at power-up or after a subsequent chip reset to prevent the DRAM from functioning improperly. Refer to
TABLE 55 for a list of default settings.

Reserved states should not be used, as unknown operation or incompatibility with future versions may
result. RFU bits are reserved for future use and must be programmed to Og. If bits in an optional field are
set, either the optional field is activated if the option is implemented in the device, or no action is taken by
the device if the option is not implemented.

Mode registers 10 to 15 are so-called Frequency Dependent Mode Registers (FDMR) that can be configured
such that the internal update of the related features will be postponed until after the next sleep mode or self
refresh sleep mode entry. This will ensure that updates of these registers do not conflict with any ongoing
operation and only change when the CA interface is disabled. The FD FLAG bit in MRO OP11 is associated
with this function.

Conditions:

e The internal postponement is enabled when the FD_FLAG bit is set to Og (default). The host is
allowed to issue any number of MRS commands to FDMRs while the FD_FLAG bit is
programmed to Og. The DRAM will only store the codes issued with the last MRS commands
issued to the FDMRs, and only these codes will be updated internally with a subsequent sleep
mode entry.

Example MRS command sequence: MR12(1) -> MR14(1) -> MR14(2) -> MR12(2). Code from
MR12(2) and MR 14(2) will be internally updated with a subsequent sleep mode entry.

e This postponement is disabled with the FD_FLAG bit set to 1s. In this case the FDMRs behave
like any other mode register, and the codes will be updated internally within tmop.
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4 Mode Registers (cont’d)

e A change of the FD_FLAG bit from Og (Enable) to 1g (Disable) is only allowed when there are no
FDMR changes waiting for the next sleep mode entry. Pending FDMR changes can be effectively
cancelled by issuing MRS commands with the old, currently programmed codes. Such MRS
commands must be issued before setting the FD_FLAG bit to 1. Failure to do so may lead to
unknown behavior. The host is responsible to remember the currently programmed codes.

Example MRS command sequence: MR12(new) -> MR 14(new) -> MR 14(old) -> MR12(old) ->
FD_FLAG = 1. The change of the FD_FLAG bit from Og to 1g will in this scenario preserve (not
change) the content of MR12 and MR 14,

e MRI2 controls features that are allowed to only change in sleep mode. Changes to MR12 are
therefore only allowed to be issued when the FD_FLAG bit is Os.

e Changes to FDMR other than MR12 are allowed with the FD FLAG bit set to 1, however,
functional issues resulting from such FDMR code changes cannot be excluded and therefore this
setting is in general not recommended. As an example, changing WCK ODT in MR13 on-the-fly
(not in sleep mode when WCK is off) could lead to glitches on the device’s WCK input that could
result in a device hang-up. Users shall align with the DRAM vendors on conditions and restrictions
for updating any FDMR with the FD_FLAG bit set to 1z.

Table 20 — Mode Register Overview
MR |M[5:0]| OP11 | OP10 OP9 OP8 OoP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPo0
FD SEVE- SRSLX2C| SLX2

MRO 00u FLAG POISON RITY PAM3 ™ AT CAT WRCRC|RDCRC | RFU RFU CABI
MRI1 Olg DQERL RFU RL

MR2 02 WRCRC2ERR RFU WL

MR3 03n RFU RAS

MR4 04u RTPSB WR

MR5 | 054 |ppp_tm| PQE_ | SEV2 CAL_UPD RFU | Diver | RFU DQ/DQE DQ/DQE/RCK

H - HZ ERR - rver Termination Driver Strength
Strength
DQ/DQE/RCK DQ/DQE/RCK
MR6 | 06u RFU Pulldown Driver Offset (Leg 2) Pulldown Driver Offset (Leg 1)
Lo DQ/DQE/RCK DQ/DQE/RCK

MR7 | 07« | DQ/DQE Data Termination Offset Pullup Driver Offset (Leg 2) Pullup Driver Offset (Leg 1)
MRS | 08y | 0S| geif Refresh DPP | TSRange DCC BRC DRFM ARFM
MR9 094 RCKSTOP LAT RFU RCKEN RCK LS RCKMODE
MRI10 | 0An RFU
MRI11 | OBu RFU
MR12 | ocu | ROK | REX | RFU WCK Frequency VDDQ Range VDD Range
MRI13 | 0Dy | WCK Termination Offset WCK Termination CA Termination Offset CA Termination

Half
MR14 | OEn |yREFCA DFECA VREFCA
CAPARB CAPAR
MRI15 | OFn CAPAR2ERR RFU | LK _LAT CAPARBLK_CAT CSP_FB [ g1k | CAPAR
Control
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Table 20 — Mode Register Overview (cont’d)

MR |M[5:0]| OP11 ‘ OP10 ‘ oP9Y ] ors8 | OP7 oP6 \ OP5 ‘ OP4 | OP3 | oP2 ‘ oP1 ‘ OP0
MRI16 | 10u VREFDL or VREFD2 I/O Sub-Address RFU VREFDL or VREFD2 Reference Voltage Levels and Offset
MRI17 | 1lu VREFDH I/O Sub-Address RFU VREFDH Reference Voltage Level and Offset

DQ/DQE CTLE
MRIS | 12u DQ/DQE CTLE 1/O Sub-Address RY Sub-Address RFU DQ/DQE CTLE
DQ/DQE DFE
MR19 | 13u DQ/DQE DFE /O Sub-Address RX SubeAddress RFU DQ/DQE DFE
MR20 | 14nu Scramble Code Byte Address RFU Read/Write Data Scramble Code
MR21 | 151 DQ/DQE/RCK TX EQ I/O Sub-Addr. RFU DQ/DQE/RCK TX EQ
ECS ECS
MR22 | 161 | PS8 | Reser | FLAG | LOG. RFU
RESET | RULES
LFSR LFSR LFSR
MR23 | 17w | DT _ERR PATTERN |pigt2<—| CNT_ | CAOSC |DT EYE MASK| RST | ONT_ |[HSR-| DL
— MODE MODE | RESET
MR24 | 18y | LFSR Sub-Address LFSR Seed Bits [9:0]
MR25 | 19 | LFSR Sub-Address RFU LFSR Seed Bits [14:10]
DT | LFsR
MR26 | 1An I/O Sub-Address RFU LANE — | LFSR_SHIFT SEL
~ | INV S
MASK
MR27 | 1Bu RFU ERR Pullup Driver Offset ERR Pulldown Driver Offset
MR28 | 1Cu RFU
MR29 | 1Du RFU ‘ CMDS ‘ DQ Map Mode
ECC ECC ECC
MR30 | 1En RFU Yats ECC_PAR_SEL VEC | M
MR31 1Fu hPPR RFU PPR Guard Key
MR32 | 20m RFU
MR47 | 2Fnu RFU
MR48 | 30u Reserved for Vendor Specific Features
MR63 | 3Fn Reserved for Vendor Specific Features
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4.1 Mode Register Assignment and Definition

Table 21 — Mode Register 0 (MRO0)

OP11 OP10 OoP9 OP8 OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OP0

FD SRSLX2 | SLX2
FLAG POISON |SEVERITY| PAM3 ™ CAT CAT WRCRC | RDCRC RFU RFU CABI

Function Operand Data Notes

CABI OPO Command/address bus inversion 1,8
Op: Enable (default)
1s: Disable

RFU OP[2:1] | 00B: Reserved

RDCRC OP3 Read CRC 2
Op: Disable (default)
18: Enable

WRCRC OP4 Write CRC 2
Op: Disable (default)
15: Enable

SLX2CAT OP5 Automatic exit from Sleep Mode to CA Training 3
Op: Enable (default)
1: Disable

SRSLX2CAT OP6 Automatic exit from Self Refresh Sleep Mode to CA Training 3
Op: Enable (default)
1: Disable

™ OP7 Test Mode 4
0s: Normal mode (default)
18: Test mode

PAM3 OP8 Signaling for DQ[9:0] and DQE signals 5
Os: NRZ (default)
1s: PAM3

SEVERITY OP9 ECC error severity reporting during Reads 6
Op: Disable
15: Enable

POISON OP10 | Data poisoning for Writes and Reads 6
0s: Disable
18: Enable

FD FLAG OP11 Flag to postpone MR10 to MR15 updates until after next Sleep mode or Self 7
Refresh Sleep mode entry

Op: Enable (default)
1p: Disable
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4.1

Mode Register Assignment and Definition (cont’d)
Table 20 — Mode Register 0 (MRO) (cont’d)

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

NOTE 6
NOTE 7

NOTE 8

Refer to the Corvmanp ADDRESS BUS INVERSION (CABI) section for details.
Refer to the RE4p and Write CRC section for details.
Refer to the SLEEP MopES and ComMMAND ADDRESS BUS TRAINING sections for details.

The normal operating mode is selected by issuing an MRS command with bit OP7 set to 0, and bits OP[6:0] and OP[11:8]
set to the desired values. Programming bit OP7 to 1s places the device into a test mode that is only to be used by the DRAM
manufacturer. No functional operation is specified with test mode enabled.

The bit determines the signaling of the DQ and DQE signals. It also selects the reference voltages for DQ and DQE inputs as
programmed in MR16 and MR17. Refer to the P43 section for details.

Refer to the On-DiE ECC section for details.

Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode
or Self Refresh Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Os. This internal postponement is disabled
with the FD_FLAG bit set to 1s.

With a change to the CABI register, it is required to wait tMOD instead of tMRD after an MRS command that changes
CABI and any subsequent MRS command. During tMOD , RNOP1/CNOP1 is required to be issued with all “H”, except for
the CAPAR bit.

Table 22 — Mode Register 1 (MR1)

OP11

l OP10 ‘ OP9 l OP8 OP7 OP6 OPS ‘ OP4 ‘ OP3 ‘ OP2 ‘ OP1 | OPO0

DQERL RFU RL

Function Operand Data Notes

RL OP[5:0] | Read latency 1,2
001010s: 10
0010115: 11

1011108: 46
101111s: 47

All others: reserved

RFU OP[7:6] | 00p: Reserved

DQERL OP[11:8

—_

DQE additional read latency 1
00008: 0
0001.: 1

1011s: 11
11008: 12

All others: reserved

NOTE 1

NOTE 2

GDDR7 SGRAMs are not required to support all encodings but the supported min-max range must be contiguous. Refer to
the RE4D section for details concerning the RL and DQERL latency definitions.

RL is the programmed value. See the R£4D section for the definition of Read latency when CAPARBLK is disabled or
enabled as well as if enabled whether the DRAM implements implicit, explicit CAPARBLK latency or both.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 23 — Mode Register 2 (MR2)
OP11 ‘ OP10 l OP9 ‘ OP8 l OP7 OP6 l OP5 OP4 I OP3 ‘ OP2 ‘ OP1 | OPO0
WRCRC2ERR RFU WL
Function Operand Data Notes
WL OP[4:0] | Write latency 1,2
001108: 6
00111p: 7
11110s: 30
111118: 31
All others: reserved
RFU OP[S] | 000s: Reserved
WRCRC2ERR OP[11:6] | CRC write error latency 1,3
Normal WRCRC2ERR range Extended WRCRC2ERR range
(IRA 43, DQ3 = 15) (IRA 43, DQ3 = 08)
OP6 Os: Reserved
OP[11:7] 010108: 10 OP[11:6] 0101008: 10
01011s: 11 0101108: 11
111108: 30 111100s: 30
111118: 31 1111108: 31
All others: Reserved 0000015: 32
1111018: 62
1111118: 63
All others: Reserved

NOTE 1 GDDR7 SGRAMs are not required to support all encodings but the supported min-max range must be contiguous. Refer to
the WrITE section for details concerning the WL and WRCRC2ERR latency definitions.

NOTE 2 WL is the programmed value. See the //r/7E section for the definition of Write latency when CAPARBLK is disabled or
enabled as well as if enabled whether the DRAM implements implicit, explicit CAPARBLK latency or both.

NOTE 3 WRCRC2ERR is also used for Write Data Path Protection when write parity errors are to be signaled to the host. See the
DATA PATH PROTECTION (DPP) section for more details.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 24 — Mode Register 3 (MR3)

oprt1 | orwo | ors | ors | op7 op6 | ops | opsa | op3 | or2 | oprt | opo
RFU RAS
Function Operand Data Notes
RAS OP[6:0] | RAS 1,2
0000100g: 4
0000101g: 5
1001111g: 79
10100005: 80
All others: reserved
RFU OP[11:7] | 000008:- 111115 Reserved 1

NOTE 1

GDDR?7 SGRAMs are not required to support all encodings but the supported min-max range must be contiguous. Refer to the Row
ActivATION command section for details.

NOTE 2 RAS must be programmed with a value greater than or equal to RU {tRAS/tCK4}, where RU stands for round up, tRAS is the analog value
from the vendor datasheet and tCK4 is the cycle time of the internal CK4 clock. If a GDDR7 SGRAM does not support the mode re gister
definition of tRAS in clock cycles, the RAS mode register settings will be ignored.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 25 — Mode Register 4 (MR4)
opt1 | orlo | opo | ops | op7 | ops | ops | op4a | op3 | or2 | op1 | oPo
RTPSB WR
Function Operand Data Notes
WR OP[6:0] Write Recovery for Auto Precharge 1.2
00001008: 4
0000101B: 5
10011118: 79
1010000s: 80
All others: reserved
RTPSB OP[11:7] Read to Auto Precharge (same bank) 1.3.4

Normal RTPSB range Extended RTPSB range
(IRA 43, DQ2 =1p) (IRA 43, DQ2 = 0p)
OP7 0B: Reserved
OP[11:8] 0100s: 4 OP[11:7] 001008: 4
0101B: 5 001018: 5
. 001108: 6
11108: 14 ...
1111s: 15 10011s: 19
101008: 20
All others: Reserved All others: Reserved

details.

NOTE 1 GDDR7 SGRAMs are not required to support all encodings but the supported min-max range must be contiguous.

NOTE 2 WR must be programmed with a value greater than or equal to RU {tWR/tCK4}, where RU stands for round up, tWR is the analog value from
the vendor datasheet and tCK4 is the cycle time of the internal CK4 clock. If a GDDR7 SGRAM does not support the mode register
definition of tWR in clock cycles, the WR mode register settings will be ignored.

NOTE 3 RTPSB must be programmed with a value greater than or equal to RU{tRTPSB/tCK4}, where RU stands for round up, tRTPSB is the analog
value from the vendor datasheet and tCK4 is the cycle time of the internal CK4 clock. If a GDDR7 SGRAM does not support the mode
register definition of tRTPSB in clock cycles, the RTPSB mode register settings will be ignored.

NOTE 4 Vendor ID5 (IRA 43) bit DQ2 identifies which RTPSB Range is supported. Refer to the /NF0 READ section and vendor datasheet for more
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4.1 Mode Register Assignment and Definition (cont’d)

Table 26 — Mode Register 5 (MRS5)

OP11 OP10 OoP9 OP8 OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO0
SEV2 ERR DQ/DQE DQ/DQE/RCK
DPP_TM | DQE _HZ ERR CAL _UPD RFU Driver RFU Termination Driver Strength
Strength
Function Operand Data Notes
DQ/DQE/RCK OP[1:0] | Driver strength for DQ[9:0], DQE and RCK signals 1
Driver Strength 008: 40 Ohm, auto-calibrated (default)
01g: 80 Ohm, auto-calibrated
108: Vendor specific (optional)
11s: Vendor specific (optional)
DQ/DQE OP[3:2] | Data termination for DQ[9:0] and DQE signals 2
Data Termination 00g: Disable (data termination off; default)
01s: 40 Ohm
10s: 48 Ohm
115: 80 Ohm
RFU OP4 Os: Reserved
ERR Driver Strength OP5 Driver Strength for ERR output 1
0Op: 40 Ohm, auto-calibrated (default)
18: 80 Ohm, auto-calibrated
RFU OP6 Os: Reserved
CAL_UPD OP[8:7] | Calibration update
00s: Enable for all signals (default)
01g: Disable for WCK_t/WCK_c only (optional) 3
10s: Reserved
11p: Disable for all signals
SEV2ERR OP9 Severity and error signaling on ERR output during Read bursts (optional) 4,5
Op: Disable (default)
15: Enable
DQE_HZ OP10 | DQE in High-Z State (optional) 6,7
Op: Disable (default)
15: Enable
DPP_TM OPI1 | Data Path Protection Test Mode 8
Op: Disable (default)
15: Enable
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Mode Register Assignment and Definition (cont’d)

Table 26 — Mode Register 5 (MRS) (cont’d)

NOTE 1

NOTE 2
NOTE 3

NOTE 4

NOTE 5

NOTE 6
NOTE 7

NOTE 8

The 40 Ohm default driver strength is intended for normal operation, and the 80 Ohm driver strength may be used at lower
data rates, depending on system characteristics. Both settings utilize the Auto Calibration functionality when enabled by the
CAL_UPD bit in OP[8:7]. For DQ/DQE and RCK, vendors may optionally use the other settings to specify additional driver
strengths.

All DQ/DQE termination settings utilize the Auto Calibration functionality when enabled by the CAL_UPD bit in OP[8:7].

The Calibration Update setting enables the calibration value to be updated automatically by the auto calibration engine. The
function is enabled upon power-up to reduce update induced jitter. The user may decide to suppress updates from the auto
calibration engine by disabling Calibration Update for WCK_t/ c only when this option is supported, or for all signals. The
calibration updates can occur with any REFab command. The update is not complete for a time tKO after the latching of the
REFab command. During this tKO time, only RNOP2 and CNOP2 commands may be issued.

Vendor ID3 (IRA 2) bit DQO identifies whether the optional SEV2ERR feature is supported or not.

When enabled, the severity flag during read burst that normally is transmitted on the DQE signal will be transmitted on the
ERR signal. This feature may only be enabled when the signaling is set to NRZ mode (MR0O OPS), and when RDCRC (MRO
OP3), WRCRC (MRO OP4) and Poison (MRO OP10) are all disabled, and Severity (MRO OP9) is enabled.

Vendor ID3 (IRA 2) bit DQS identifies whether the optional DQE_HZ feature is supported or not.

When enabled, the DQE signal will be in High-Z state. The optional feature is intended to be used only when the signaling is
set to NRZ mode (MRO OP§), when RDCRC (MRO OP3), WRCRC (MRO OP4) and Poison (MRO OP10) are all disabled,
and when either Severity (MRO OP9) is disabled as well or being rerouted to the ERR signal with SEV2ERR set to 1s.

Refer to the D474 ParH PROTECTION (DPP) section for more details.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 27 — Mode Registers 6 (MR6)

OP11 l OP10 | OoP9 l OP8 OP7 l OP6 | OPS l OP4 OP3 | OoP2 l OP1 | OP0

RFU DQ/DQE/RCK PD Driver Offset (Leg 2) DQ/DQE/RCK PD Driver Offset (Leg 1)

Function Operand Data Notes

DQ/DQE/RCK OP[3:0] | Leg 1 pulldown driver offset for DQ[9:0], DQE and RCK signals 1,2
Pulldown Offset (Leg 1) 0000g: 0 (no offset; default)
0001g: +1
0010g: +2

0111g: +7
1000g: -8
1001g: -7

11115: -1

DQ/DQE/RCK OP[7:4] | Leg 2 pulldown driver offset for DQ[9:0], DQE and RCK signals 1,2
Pulldown Offset (Leg 2) 0000g: 0 (no offset; default)
00015: +1
00105: +2

0111g: +7
1000g: -8
1001g: -7

11115: -1

RFU OP[11:8] | 0000B: Reserved

NOTE 1 Refer to FIGURE 15 for an example driver implementation including the definition of “Leg 1” and “Leg 2”.

NOTE 2 The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative offset steps the
driver strength will be decreased, and RON will be increased; with positive offset steps the driver strength will be increased, and RON will be
decreased.

| | : | VDDQ :
: I | I I
I I
| | | | £ £2 |
O | 52 B2 i
= I | I o< o<y
| © I | ® 53] |
l | B | :
| yes L
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1= 25 25 ! |
| : | | |
| v ! |
L__Y¥»2__ L_Yx2__ L_____
Example Active Legs Active Legs Active Legs
Driver for ,-1" Level for ,0" Level for ,+1" Level

Implementation

Figure 15 — Example Driver Implementation and Active Legs in PAM3 Mode
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4.1 Mode Register Assignment and Definition (cont’d)
Table 28 — Mode Registers 7 (MR7)
OP11 OP10 OoP9 OP8 OoP7 OP6 OPS OP4 OP3 OoP2 OP1 OPO

DQ/DQE Data Termination Offset

DQ/DQE/RCK PU Driver Offset (Leg 2)

DQ/DQE/RCK PU Driver Offset (Leg 1)

Function Operand

Data

Notes

DQ/DQE/RCK
Pullup Offset (Leg 1)

OP[3:0]

Leg 1 pullup driver offset for DQ[9:0], DQE and RCK signals

0000s: 0 (no offset; default)
0001s: +1
00108: +2

0111s:
10008: -8

10018: -7

1111p: -1

1,2

DQ/DQE/RCK
Pullup Offset (Leg 2)

OP[7:4]

Leg 2 pullup driver offset for DQ[9:0], DQE and RCK signals

0000s: 0 (no offset; default)
0001s: +1
00108: +2

0111s:
10008: -8

10018: -7

1111s: -1

1,2

DQ/DQE
Data Termination Offset

OP[11:8]

Data termination offset for DQ[9:0] and DQE signals 3

0000s: 0 (no offset; default)
0001g: +1
0010g: +2

0111s:
10008: -8

10018s: -7

1111s: -1

NOTE 1
NOTE 2

NOTE 3

Refer to FIGURE 15 for an example driver implementation including the definition of “Leg 1” and “Leg 2”.

The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative
offset steps the driver strength will be decreased, and RON will be increased; with positive offset steps the driver strength
will be increased, and RON will be decreased.

The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative
offset steps the termination strength will be decreased and RTT will be increased; with positive offset steps the termination
strength will be increased and RTT will be decreased.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 29 — Mode Register 8 (MRS)

OP11 OP10

OP8

OP7 OP6 l OPS OP4 ‘ OP3 OoP2

OP1 OPO

Hibernate

Self Refresh

DpPP

TSRange DCC BRC DRFM

ARFM

Function

Operand

Data

Notes

ARFM

OP[1:0]

Refresh Management Level
00B: Default level (use of RFM may be required or not)
01s: Level A (RFM is required)
108: Level B (RFM is required)
118: Level C (RFM is required)

DRFM

OP2

Directed Refresh Management (DRFM)
Op: Disable (default)
15: Enable

BRC

OP[4:3]

Bounded Refresh Configuration (BRC). Rows refreshed:
00B: BRC2: always *1, ratio +2
01s: BRC3: always *1, £2, ratio +3 (optional)
10s: BRC4: always *1, +2, £3, ratio +4 (optional)
11p: Reserved

DCC

OP[6:5]

Duty Cycle Corrector (optional)
00g: Disable (default)
01p: Start
10s: Reserved
11s: Hold

3,4

TSRange

OP7

Temperature Sensor Range
0Os: Range 0 (default)
18: Range 1 (optional)

DPP

OP8

Data Path Protection (optional)
Os: DPP mode disabled (default)
15: DPP mode enabled

Self Refresh

OP[10:9]

Self Refresh
00g: Fixed self refresh interval (default)
01g: Vendor specific fixed refresh rate (optional)
10s: Vendor specific fixed refresh rate (optional)
11s: Temperature compensated self refresh rate

Hibernate

OPI11

Hibernate self refresh sleep mode
Os: Disable (default)
15: Enable (bit is self-clearing)
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4.1 Mode Register Assignment and Definition (cont’d)
Table 29 — Mode Register 8 (MR8) (cont’d)

NOTE 1 The support of Adaptive Refresh Management (ARFM) is optional for the DRAM vendor. GDDR7 SGRAMs not
supporting ARFM will define these bits as RFU. Refer to the 4AD4PTIVE REFRESH MANAGEMENT (ARFM) section for
details.

NOTE 2 Refer to the DIRECTED REFRESH MANAGEMENT (DRFM) section for details.

NOTE 3 The DCC bits control the operation of the optional duty cycle corrector (DCC). The DCC can be used to cancel out a static
duty cycle error on the WCK clocks. The settings will be ignored if a GDDR7 SGRAM does not include a DCC. Refer to
the Dury CycLE CORRECTOR (DCC) section for details.

NOTE 4 Vendor ID3 (IRA 2) bit DQ4 identifies whether the optional DCC is supported or not.

NOTE 5 The default Temperature Sensor Range 0 reports TJ starting from -40C, while the alternative and optional Temp. Sensor
Range 1 reports junction temperatures starting from -50C. Please refer to the /N0 READ section for details.

NOTE 6 DPP is an optional feature, see D474 PATH PROTECTION (DPP) section for details.

NOTE 7 The refresh interval in Self Refresh mode may be a fixed value determined by the DRAM vendor or being controlled by an
integrated temperature sensor. DRAM vendors may support additional fixed refresh rate settings related to other
temperatures. Refer to the SELF REFRESH section for details.

NOTE 8 With bit OP11 set to 18, the device enters Hibernate Self Refresh Sleep mode with the next SELF REFRESH SLEEP

ENTRY command. The bit is self-clearing meaning that it returns to the default Os upon exit from Hibernate Self refresh
sleep mode. Refer to the HIBERNATE SELF REFRESH SLEEP MODE section for details.
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4.1

Mode Register Assignment and Definition (cont’d)

Table 30 — Mode Register 9 (MR9)

OP11 l OP10 l OP9 OP8 OP7 ‘ OP6 l OPS | OP4 ‘ OP3 OoP2 OP1 OP0

RCKSTOP_LAT RFU RCKEN RCK_LS RCKMODE

Function Operand Data Notes

RCKMODE OP[1:0] | RCK mode 1,23
00g: Disable (default)

01g: Start with Read (RD, RDA, IRD, RDTR or RDWTEC) command
10s: Start with RCKSTRT command

11s: Enable (always on)

RCK LS OP2 Number of half frequency RCK preamble cycles 3,4
OB: 0
1: 2

RCKEN OP[7:3] | RCK enable latency 3,4,5,6
00000s5: 6
00001s: 7

111108: 36
111118: 37

RFU OP8 0B: Reserved

RCKSTOP_LAT OP[11:9] | RCK stop latency

000g: 10 3,4,7,8
001s: 12
010s: 14
011s: 16
1008: 18
1018: 20
1108: 22
111s: 24

NOTE 1

NOTE 2

NOTE 3

NOTE 4

NOTE 5

NOTE 6

NOTE 7
NOTE 8

The RCKMODE and RCKTYPE (in MR12 OP10) settings define the operation of the RCK t and RCK ¢ outputs. Both RCK tand RCK ¢
are disabled by default. RCK can be configured to be pseudo-differential or single ended. It can also be configured to be always on, or be
started with any Read command (RD, RDA, IRD, RDTR or RDWTEC) or with the RCKSTRT command.

A change of RCKMODE from either 00B (disable) to 11B (always on) or back to 00B (disable) requires tMODRCK time instead of tMOD
for the RCK_t and RCK_c outputs to settle.

The RCK related settings in MR9 and MR 12 are ignored but preserved when in CA Training mode. See COMMAND ADDRESS BUS TRAINING
for details on RCK in that mode. The RCK returns to the programmed settings upon exit from CA Training mode.

The RCK_LS, RCKEN and RCKSTOP_LAT settings define latencies associated with starting and stopping RCK. GDDR7 SGRAM:s are not
required to support all RCKEN and RCKSTOP_LAT latencies but the supported min-max range must be contiguous. For RCKEN, vendors
may support even latencies only (OP3 = 0B). See RE4AD CLOCK (RCK) section and the vendor datasheets for details.

The latency values may have vendor specific frequency limits.

RCKEN is the programmed value. See the RE4AD CLOCK (RCK) section for the definition of RCK enabled latency when CAPARBLK is
disabled or enabled as well as if enabled whether the DRAM implements implicit, explicit CAPARBLK latency or both.

The latency values may have vendor specific upper frequency limits.

RCKSTOP_LAT is the programmed value. See the READ CLOCK (RCK) section for the definition of RCK stop latency when CAPARBLK is
disabled or enabled as well as if enabled whether the DRAM implements implicit, explicit CAPARBLK latency or both.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 31 — Mode Register 10 (MR10)
OP11 ‘ OP10 ‘ OP9 ‘ OP8 ‘ OP7 l OP6 l OP5 I OP4 ‘ OP3 I OP2 ‘ OP1 | OP0
RFU
Function Operand Data Notes
RFU OP[11:0] | 0000 0000 0000s: Reserved 1
NOTE 1 Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode
or Self Refresh Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Op. This internal postponement is disabled
with the FD_FLAG bit set to 1s.

Table 32 — Mode Register 11 (MR11)

OP11 ‘ OP10 ‘ OoP9 ‘ OP8 ‘ OoP7 ‘ OP6 ‘ OPS ’ OP4 ‘ OP3 ’ OoP2 ‘ OP1 | OP0

RFU

Function

Operand Data

Notes
RFU OP[11:0] | 0000 0000 0000B: Reserved

1
Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode
or Self Refresh Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Os. This internal postponement is disabled
with the FD_FLAG bit set to 1s.

NOTE 1
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Mode Register Assignment and Definition (cont’d)

Table 33 — Mode Register 12 (MR12)

OP11

OP10 OoPY orp8 | oP7 | OP6 | OP5 | OP4 or3 | or2 OP1_| OPO

RCK
LEVEL

,&Sé RFU WCK Frequency VDDQ Range VDD Range

Function Operand Data Notes

VDD Range OP[1:0] | VDD Range 1,2
00s: Default level (default)

01g: Voltage level lower than 005 (optional)
108: Voltage level lower than 015 (optional)
118: Voltage level lower than 108 (optional)

VDDQ Range OP[3:2] | VDDQ Range 1,2

00g: Default level (default)

01g: Voltage level lower than 00s (optional)
108: Voltage level lower than 01s (optional)
11g: Voltage level lower than 10s (optional)

WCK Frequency OP[8:4] | WCK Frequency range 1,3

00000s: fwck < fwcknrz (default)

000015: fwck <0.5 GHz (optional)

00010s: 0.5 GHz < fwck <1.0 GHz (optional)
000115: 1.0 GHz < fwck <1.5 GHz (optional)

01110s: 6.5 GHz < fwck <7.0 GHz (optional)
01111s: 7.0 GHz < fwck <7.5 GHz (optional)
10000s: 7.5 GHz < fwck <8.0 GHz (optional)

11000s: 11.5 GHz < fwck <12.0 GHz (optional)
All others: Reserved

RFU OP9 0B: Reserved

RCKTYPE OP10 | RCK type 1,4,5,6
0Os: Single-ended (RCK_c output is in High-Z state)
1g: Differential

RCKLEVEL OP11 | RCK level in PAM3 mode 1,5,7
Op: Full swing (+1/-1 levels)
15: Half swing (+1/0 levels)

NOTE 1

NOTE 2

NOTE 3

NOTE 4

NOTE 5

NOTE 6
NOTE 7

Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode or Self Refresh
Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Og. This internal postponement is disabled with the FD_FLAG bit set to 1.
Changes in MR12 are only allowed with the FD_FLAG bit set to 0.

The VDD and VDDQ Range bits are used to adapt DRAM characteristics like internal supply voltages when the actual Vpp or VDDQ is
lower than the default operating range. The default 005 setting represents the highest VDD and VDDQ supply voltage range supported by the
device. All other field values are optional, and the VDD and VDDQ ranges of the optional fields represent supply voltage ranges lower than
the default range in a decreasing voltage order. The actual VDD and VDDQ supply voltage ranges itself are vendor specific. The VDD and
VDDQ Range settings must be the same on all four channels.

The WCK Frequency setting is used to adapt DRAM characteristics to explicit WCK frequency ranges. The default setting is provided to
support initial device initialization in NRZ mode. The frequency increment is 0.5GHz which is equivalent to a data symbol rate of 1 GBaud
in PAM3 mode. The maximum supported encoding shall equal the maximum supported WCK frequency of the device. The settings will be
ignored if a GDDR7 SGRAM does not support the mode register definition of the WCK frequency. Programming the default WCK
Frequency setting (MR12 OP[8:4] = 00000b) after the initialization sequence has completed will lead to operation not guaranteed.

The RCKMODE (in MR9 OP[1:0]) and RCKTYPE settings define the operation of the RCK_t and RCK_c outputs. Both RCK_t and RCK ¢
are disabled by default. RCK can be configured to be pseudo-differential or single ended. It can also be configured to be always on, or be
started with any Read command (RD, RDA, IRD, RDTR or RDWTEC) or with the RCKSTRT command.

The RCK related settings in MR9 and MR 12 are ignored but preserved when in CA Training mode. See COMMAND ADDRESS BUS TRAINING
for details on RCK in that mode. The RCK returns to the programmed settings upon exit from CA Training mode.

The single-ended option may have a vendor specific upper frequency limit.

The RCKLEVEL setting is valid in PAM3 mode only and ignored in NRZ mode. The 15 setting may have a vendor specific upper frequency
limit.
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Table 34 — Mode Register 13 (MR13)
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opil | orwo [ opy

ors | op7 | ops

ops | op4 | op3

orz | or1 | opo

WCK Termination Offset

WCK Termination

CA Termination Offset

CA Termination

Function

Operand

Data

Notes

CA Termination

OP[2:0] | Termination for CA[4:0] inputs

001s: 48 Ohm
0108: 60 Ohm
0118: 96 Ohm

000g: value latched on CA1 input at exit from reset (default)

101s: 80 Ohm(optional)
111g: Disable (CA ODT off)
All others: Reserved

1,2

CA Termination Offset

OP[5:3] | Termination Offset for CA[4:0] inputs

0018: +1
0108: +2
011s: +3
1008: -4
1018: -3
110g8: -2
1118: -1

000s: 0 (no offset; default)

1,4

b

WCK Termination

OP[8:6] | Termination for WCK t and WCK ¢ inputs

001s: 48 Ohm
0108: 60 Ohm
011s: 96 Ohm
100s: 40 Ohm

000g: value latched on CA2 input at exit from reset (default)

101s: 80 Ohm(optional)
111g: Disable (WCK ODT off)
All others: Reserved

1,2

WCK Termination Offset

OP[11:9] | Termination Offset for WCK _t and WCK ¢ inputs

0018: +1
0108: +2
011s: +3
100g: -4
1018: -3
1108: -2
111B: -1

000s: 0 (no offset; default)

1,3

NOTE 1 Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode
or Self Refresh Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Os. This internal postponement is disabled
with the FD_FLAG bit set to 1s.

NOTE 2 The 0005 encodings hold the values that were latched at exit from reset state.

NOTE 3 The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative
offset steps the termination strength will be decreased and RTT will be increased; with positive offset steps the termination
strength will be increased and RTT will be decreased.




JEDEC Standard No. 239D
Page 56

4.1 Mode Register Assignment and Definition (cont’d)

Table 35 — Mode Register 14 (MR14)

opi1 | orio | oro | ops | op7 | ops | ops | op4a | op3 | or2 | or1 | opo
Half
VREFCA DFECA VREFCA
Function Operand Data Notes
VREFCA OP[6:0] | Reference voltage for CA[4:0] inputs 1,2
Default: 0.725 X Vbpg (0101111s)
DFECA OP[10:7] | DFE for CA[4:0] inputs 1,3

0000s: No DFE (default)
0001B: £1 VREFCA step
00108: £2 VREFCA steps

11108: £14 VREFCA steps
1111p: 15 VREFCA steps

Half VREFCA OP11 Reference voltage for CA[4:0] inputs 1,4

OB: Vrerca level: reference voltage programmed in OP[6:0] (default)
18: Vrerca2 level: 0.5 x Vppo

NOTE 1: Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode or Self Refresh
Sleep mode entry when the FD_FLAG bit in MRO OP11 is set to Og. This internal postponement is disabled with the FD_FLAG bit set to 1.

NOTE 2: The reference voltage for the CA inputs (VREFCA) is generated internally, and a common VREFCA circuit is associated with the five
CA[4:0] inputs. The VREFCA level is linear with a total range of 96 steps and a nominal step size of 1/200 x VDDQ (or 0.5%) in a range
from 0.490 x VDDQ to 0.965 x VDDQ as illustrated in 74BLE 36 and FIGURE 7. The mid-point of 0.725 x VDDQ has been set as default
to match the ideal vertical data eye center with nominal 48 Ohms termination and 40 Ohms host-side pulldown driver strength. The setting is
highlighted in bold in 748LE 36. The VREFCA settling time tVREFCA is a constant value for the device; it is referenced from the MRS
command to when the 90% level of the delta between old and new VREFCA voltage has been reached as illustrated in F/GURE 8.

NOTE 3: The CA input data eye may be closed at the DRAM due to Inter Symbol Interference (ISI) on the channel. GDDR?7 therefore provides means
for improving (or opening up) the CA data eye at the receiver by the use of a 1-tap Decision Feedback Equalization (DFE). DFE must be set
by programming bits MR14 OP[10:7]. The DFE settings shall be equivalent to a positive and negative shift of the programmed VREFCA
level in steps of approximately +/-0.5% x VDDQ or +/-6mV as shown in //GURE 17. The programmed VREFCA level plus DFE voltage
cannot be outside the range of the VREFCA level supported in MR 14 OP[6:0]. The actual DFE implementation is vendor specific. The
VREFCA settling time tVREFCA must be satisfied for any DFE changes to settle.

NOTE 4: Half VREFCA mode enables the VREFCA level to be adjusted when the CA inputs operate without termination. With bit OP11 setto 1z a
level of nominally 0.5 x VDDQ is generated. The maximum operating frequency for this mode is defined by fWCKVREFC2. Disabling Half
VREFCA mode restores the programmed VREFCA level and DFECA values. A Half VREFCA mode reference voltage change requires a
time tVREFCA?2 to settle, instead of tMOD.

Table 36 — VREFCA Level (Vppo =1.20 V)

VREFCA Level Code VREFCA Level
MR14 OP[6:0] | Decimal % Vbbb Divider VRrerca [V]

1011111 95 0.965 193 /200 1.158
1011110 94 0.960 192 /200 1.152
1011101 93 0.955 191/200 1.146
0110000 48 0.730 146 /200 0.876
0101111 47 0.725 145/200 0.870
0101110 46 0.720 144 /200 0.864
0000010 2 0.500 100 /200 0.600
0000001 1 0.495 99 /200 0.594
0000000 0 0.490 98 /200 0.588
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4.1 Mode Register Assignment and Definition (cont’d)
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Figure 16 — VREFCA Options

Figure 17 — VREFCA Circuit and Range
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4.1

Mode Register Assignment and Definition (cont’d)

Table 37 — Mode Register 15 (MR15)

opt1 | orro | opo | ops | op7 | ops | ops | op4a | op3 | or2 | or1 | opo
CAPARB CAPAR
CAPAR2ERR RFU LK LAT CAPARBLK LAT CSP_FB BLK CAPAR
Control
Function Operand Data Notes
CAPAR OP0 Command/address parity 1,2,3
Op: Disable (default)
15: Enable
CAPARBLK OP1 Command/address parity blocking. The bit must be set to 0 when CAPAR is 1,2,3
disabled in OPO.
Op: Disable (default)
18: Enable
CSP_FB OP2 Feedback on execution of a CSP command (optional) 4
Op: Disable (default)
15: Enable
CAPARBLK LAT OP[5:3] | CA parity error latency 5

000s: 0 (Implicit)
001g: 1 (optional)
010s: 2

011g:
100s:
101s:
110s:
111s:

~N N B W

CAPARBLK LAT Control OP[6] CA parity error latency 6

(optional) Op: Implicit CAPARBLK LAT (default)
15: Explicit CAPARBLK LAT

RFU OP[7] 0Os: Reserved

CAPAR2ERR OP[11:8] | CA parity error latency 1,2,3,7,
0000 B: Variable latency (range: 1 to 15) 8,9
0001s: 1

11108: 14
1111g: 15

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

NOTE 6

NOTE 7

NOTE 8

NOTE 9

Any update of bits in mode registers 10 to 15 (MR10 to MR15) will internally be postponed until after the next Sleep mode or Self Refresh Sleep mode
entry when the FD_FLAG bit in MRO OP11 is set to Og. This internal postponement is disabled with the FD_FLAG bit set to 15.

Refer to the ERR SIGNAL and COMMAND ADDRESS PARITY (CAPAR) PROTOCOL sections for details on CA parity, command blocking and CA parity
error reporting.

Updates of the CAPAR, CAPARBLK and CAPAR2ERR fields require a settling time of tMOD15.

Refer to the CSP Feedback section for details. Vendor ID3 (IRA 2) bit DQ1 identifies whether the optional feature is supported or not.

GDDR7 DRAM supports either explicit or implicit CAPARBLK_LAT. IRA3 DQ[3:2] enables host to determine which is implemented in the device.
For implicit the register will be ignored. For explicit, the host is required to program MR 15 OP[5:3] to a non 0005 value per the Latency Timings table
(Part 1 Explicit CA blocking latency). If the GDDR7 DRAM supports explicit CAPARBLK_LAT and host sets MR15 OP[5:3] to 0005, CAPAR with
command blocking will be turned off, because it overrides MR15_OP1. Refer to the CAPAR wirt COMMAND BLOCKING (CAPARBLK) section for
details.

If GDDR7 DRAM supports only implicit or explicit (IRD3 DQ[3:2]=115 or 10g), this register is ignored, and DRAM operates in the supported
CAPARBLK_LAT mode.

GDDR7 SGRAMs may support the variable latency setting (0000g), one or more fixed latency settings (00015 to 11113), or both. In case of fixed
latencies, it is required that the supported min-max range be contiguous.

The variable latency setting means that the latency can change on-the-fly during normal operation as a result of temperature and voltages changes. The
clock cycle at which such a latency change occurs is determined by the DRAM and not controllable by the host. The effective latency range with
variable latency can be calculated as RU{tWCK2ERRINT / tCK4} + tWCK2ERRO, where RU stands for round up, tWCK2ERRINT is the minimum
or maximum internal WCK-to-CA parity error delay with variable latency, tCK4 is the cycle time of the internal CK4 clock, and tWCK2ERRO is the
WCK to ERR offset as measured at the DRAM balls. Refer to the vendor’s datasheet for the tWCK2ERRINT and tWCK2ERRO values.

The effective latency for the fixed latency settings can be calculated as CAPAR2ERR x tCK4 + tWCK2ERRO, where tCK4 is the cycle time of the
internal CK4 clock, and tWCK2ERRO is the WCK to ERR offset as measured at the DRAM balls. Refer to the vendor’s datasheet for the supported
latencies and tWCK2ERRO value.
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Mode Register Assignment and Definition (cont’d)

Table 38 — Mode Registers 16 (MR16)

OP11

| oplo | opo | ops oP7 op6 | ops | op4 | op3 | or2 | oprt | opo

VREFDL or VREFD2 I/O Sub-Address RFU VREFDL or VREFD2 Reference Voltage Levels and Offset

Function Operand Data Notes

VREFDL or VREFD2 Reference| OP[6:0] | Reference voltage level and offset for lower sub-receiver for DQ[9:0] and 1,3,4

Voltage DQE inputs in PAM3 mode, and reference voltage level for DQ[7:0] and
DQE receivers in NRZ mode (no offset)

See TABLE 40 for details

RFU OP7 0B: Reserved

VREFDL or VREFD2 I/O Sub- | OP[11:8] | I/O sub-address for VREFDL or VREFD2 reference voltage level and offset 2

Address 00008: DQO
00018: DQI1

01108: DQ6

0111s: DQ7

1000s: DQS8

1001s: DQ9

10108: DQE

11008: DQ[7:0] and DQE (NRZ mode)
11108: Common offset for DQ[9:0] and DQE
1111s: All DQ[9:0] and DQE

All others: reserved

NOTE 1

NOTE 2

NOTE 3

NOTE 4

The reference voltages for the DQ[9:0] and DQE inputs is generated internally, and separate VREF circuits are associated
with each data input signal. The VREF levels itself are linear with a total range of 128 steps and a nominal step size of

3.3 mV for VDDQ = 1.20 V as listed in 748LE 40 and illustrated in F/GURE 21. The levels scale linearly with VDDQ. The
ranges for the VREFDL and VREFDH sub-receivers overlap as illustrated in F/GURE 2 1.

The actual VREFDL voltage for PAM3 mode is determined by the sum of an offset (range 0 to 31) and a level (range 0 to
127) as shown in F7/GURE 2(). The sum of both is calculated for each input and is bounded by the lowest and highest
available levels. Using an offset allows to shift the effective VREF voltage up and down for all inputs via a single MRS
command while any programmed per-DQ level is being preserved. This may be useful, e.g., to efficiently track vertical
movements of the data eyes due to changes in voltage and temperature.

The VREFD2 reference voltage for the DQ[7:0] and DQE inputs in NRZ mode uses the same VREFDL source (see T4BLE
40 and FIGURE 21), however, the programmed value is stored separate from VREFDL, is common to all DQ[7:0] and DQE
inputs and applies when NRZ mode is selected by the PAM3 bit in MRO OPS8. The maximum operating frequency for NRZ
mode is defined by fWCKNRZ. Switching between NRZ and PAM3 modes in MRO OP8 will restore the corresponding
programmed VREFDL, VREFDH or VREFD2 levels, and requires a time tVREFD mode to settle.

For PAM3 mode only, I/O sub-addresses 00005 to 1010g select a single DQ or DQE for programming a per-DQ or DQE
reference voltage; sub-address 1111p allows programming a common reference voltage for all 11 DQ[9:0] and DQE inputs.
Sub-address 1110s also selects all DQ[9:0] and DQE inputs but is used to program a common offset to the reference voltage.
For NRZ mode only, Sub-address 1100s selects the DQ[7:0] and DQE inputs to program a common VREFD2 reference
voltage with no offsets.

The VREFDL and VREFDH settling time tVREFD is a constant value for the device; it is referenced from the MRS
command to when the 90% level of the delta between old and new VREFDL and VREFDH voltage has been reached as
illustrated in F7GURE 22. For NRZ mode, the settling time is tVREFD2 instead of tVREFD allowing for a different settling
time in NRZ mode than PAM3 mode if required by the DRAM design. Both values are vendor specific, therefore consult
vendor datasheets for more details.

DQE is being used in CA Training as in input, to select the WCK phases to be returned to the host. For that purpose, a VREF
level of nominally 0.5 x VDDQ is internally assumed. The PAM3, VREFDL and VREFDH settings are ignored while in CA
Training. See COMMAND ADDRESS BUS TRAINING for more details.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 39 — Mode Registers 17 (MR17)

OP11 l OP10 ‘ OP9 ‘ OP8

0000s:
0001s:

0110s:
0111s:
10008:
1001s:
10108:
11108:
11118:

DQO
DQI

DQ6

DQ7

DQS8

DQ9

DQE

Common offset for DQ[9:0] and DQE
All DQ[9:0] and DQE

All others: reserved

OoP7 OP6 l OP5 I OP4 I OP3 ‘ OP2 ‘ OP1 | OP0
VREFDH I/O Sub-Address RFU VREFDH Reference Voltage Level and Offset

Function Operand Data Notes
VREFDH Reference Voltage OP[6:0] | Reference voltage level and offset for upper sub-receiver for DQ[9:0] and 1,3,4

DQE inputs in PAM3 mode

See T4BLE 40 for details
RFU OP7 Os: Reserved
VREFDH I/O Sub-Address OP[11:8] | I/O sub-address for VREFDH reference voltage level and offset 2

FIGURE 22.

NOTE 1 The reference voltages for the DQ[9:0] and DQE inputs is generated internally, and separate Vrer circuits are associated
with each data input signal. The VREF levels itself are linear with a total range of 128 steps and a nominal step size of
3.3 mV for Vppg = 1.20 V as listed in 74B8LE 40 and illustrated in //GURE 2 1. The levels scale linearly with VDDQ. The
ranges for the VREFDL and VREFDH sub-receivers overlap as illustrated in F/GURE 21.

The actual VREFDH voltage for PAM3 mode is determined by the sum of an offset (range 0 to 31) and a level (range 0 to
127) as shown in FIGURE 2(. The sum of both is calculated for each input and is bounded by the lowest and highest
available levels. Using an offset allows to shift the effective VREF voltage up and down for all inputs via a single MRS
command while any programmed per-DQ level is being preserved. This may be useful, e.g., to efficiently track vertical
movements of the data eyes due to changes in voltage and temperature.

NOTE 2 I/O sub-addresses 00005 to 1010s select a single input for programming a per-DQ reference voltage for use in PAM3 mode;
sub-address 1111p allows programming a common reference voltage for all 11 DQ[9:0] and DQE inputs. Sub-address 11105
also selects all DQ[9:0] and DQE inputs but is used to program a common offset to the reference voltage.

NOTE 3 The Vrerpr and Vrerpr settling time tVREFD is a constant value for the device; it is referenced from the MRS command to
when the 90% level of the delta between old and new VREFDL and VREFDH voltage has been reached as illustrated in

NOTE 4 DQE is being used in CA Training as in input, to select the WCK phases to be returned to the host. For that purpose, a Vrer
level of nominally 0.5 x Vppq is internally assumed. The PAM3, VREFDL and VREFDH settings are ignored while in CA
Training. See CoMMAND ADDRESS BUS TRAINING for more details.
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Table 40 — VREFDL, VREFDH, and VREFD2 Levels (Vbopg =1.20 V)
VREFDL Level Code VREFDL / VREFD2 Level VREFDH Level Code VREFDH Level
(1)\1[)][{61(6)] Decimal | % Vppo | Divider | VrerpL [V] (1;111[{613] Decimal | % Vppo | Divider | VrerpH [V]

1111111 127 0.7917 | 285/360 0.9500 1111111 127 0.9917 | 357/360 1.1900
1111110 126 0.7889 | 284 /360 0.9467 1111110 126 0.9889 | 356/360 1.1867
1111101 125 0.7861 | 283 /360 0.9433 1111101 125 0.9861 | 355/360 1.1833

1000100 68 0.6278 | 226/360 0.7533 1010110 86 0.8778 | 316/360 1.0533
1000011 67 0.6250 | 225/360 0.7500 1010101 85 0.8750 | 315/360 1.0500
1000010 66 0.6222 | 244 /360 0.7467 1010100 84 0.8722 | 314/360 1.0467

0000010 2 0.4444 | 160/360 0.5333 0000010 2 0.6444 | 232/360 0.7733
0000001 1 0.4417 | 159/360 0.5300 0000001 1 0.6417 | 231/360 0.7700
0000000 0 0.4389 | 158/360 0.5267 0000000 0 0.6389 | 230/360 0.7667

NOTE 1 The values in bold represent the setting for the ideal data eye center with 40 Ohm ODT and 40 Ohm driver strength
in PAM3 mode.

L
N H
DQ[9:8] [X] 1 +
,._+ | —
P bl r \ -
rogrammapile -
i 'MR16 and MR17 (PAM3 mo_(!g_)__i—f
L
N 1H
DQI7:0], DQE [X] t— +
- +) -
\
Programmable . —_
i MR16 and MR17 (PAM3 mode) —
A& MR16 (NRZ mode) = pAM3
' MRO OP8

NOTE 1 In NRZ mode the two reference voltages VREFDL and VREFDH for PAM3 signaling will be replaced by a single
programmable VREFD?2 reference voltage.

Figure 19 — VREFD Options
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4.1 Mode Register Assignment and Definition (cont’d)

VREEFD Level VREED Offset
Range: 0 to 127 Range: 0 to 31

g

v

VREFD Voltage
Range: 0 to 127

NOTE 1 The sum of the programmed offset and programmed VREFDL or VREFDH levels in PAM3 mode is bounded by the
lowest and highest available levels as given in 74BLE 40.

Figure 20 — VREFDL and VREFDH Levels and Offsets in PAM3 Mode
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Figure 21 — VREFDL, VREFDH, and VREFD2 Circuit and Ranges
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Mode Register Assignment and Definition (cont’d)
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The settling time diagram applies to both VREFDL and VREFDH.

Figure 22 — VREFD Settling Time
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4.1 Mode Register Assignment and Definition (cont’d)

Table 41 — Mode Registers 18 (MR18)

OP11 ‘ OP10 l OP9 ‘ OP8

Sub-Address

00008: DQO
0001s: DQI

01108: DQ6
0111g: DQ7
10008: DQS
10018: DQ9
1010s: DQE
1111s: DQ[9:0] and DQE inputs

All others: reserved

OP7 l OP6 OP5 I OP4 OP3 ‘ OP2 | OP1 OP0
DQ/DQE CTLE
DQ/DQE CTLE I/O Sub-Address RX Sub-Address RFU DQ/DQE CTLE
Function Operand Data Notes
DQ/DQE CTLE OP[3:0] | CTLE for DQ[9:0] and DQE inputs 1
0000gs: Off
0001g: +1 step
0010sB: +2 steps or maximum
1110B: +14 steps or maximum
1111s: +15 steps or maximum
RFU OP[5:4] | 00s: Reserved
DQ/DQE CTLE RX OP[7:6] | Data receiver sub-address for CTLE 2,3
Sub-Add
b ress 008: Upper (VREFDH) and lower (VREFDL) receivers
01p: Upper (VREFDH) receiver only (optional)
108: Lower (VREFDL) receiver only (optional)
11g: Reserved
DQ/DQE CTLE I/O OP[11:8] | I/O sub-address for CTLE 4

data receiver.

NOTE 3 Vendor ID3 (IRA 2) bit DQ6 identifies whether the per-receiver programmability option is supported.

NOTE 4 1/O sub-addresses 00005 to 1010s select a single input for programming a per-DQ CTLE; sub-address 11113 allows
programming a common CTLE for all 11 DQ and DQE inputs.

NOTE 1 The maximum step count supported for CTLE and the step size are vendor specific. CTLE saturates at the highest supported
step count, which means that all binary encodings higher than the one that corresponds to the maximum supported step count
shall result in the same maximum supported step count. With that saturation scheme, all binary encodings are always valid.

NOTE 2 With receiver sub-address 008 a common CTLE value is being programmed for both the upper and lower data receiver. With
optional receiver sub-addresses 01p and 10s receiver specific CTLE values can be programmed for the upper or the lower
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Mode Register Assignment and Definition (cont’d)

Table 42 — Mode Registers 19 (MR19)

OP11 ‘ OP10 l OP9 ‘ OP8 OP7 l OP6 OPS | OP4 OP3 ‘ OoP2 | OP1 | OPO

DQ/DQE DFE

DQ/DQE DFE I/O Sub-Address RX Sub-Address RFU DQ/DQE DFE
Function Operand Data Notes
DQ/DQE DFE OP[3:0] | DFE for DQ[9:0] and DQE inputs (1-tap) 1

0000s: Off
0001g: +1 step

0010s: +2 steps or maximum

1110B: +14 steps or maximum

1111g: +15 steps or maximum

RFU OP[5:4] | 00s: Reserved

DQ/DQE DFE RX OP[7:6] | Data receiver sub-address for DFE 2,3
Sub-Address

008: Upper (VREFDH) and lower (VREFDL) receivers
01p: Upper (VREFDH) receiver only (optional)
108: Lower (VREFDL) receiver only (optional)

11B: Reserved

DQ/DQE DFE /O OP[11:8
Sub-Address

I/0O sub-address for data DFE 4
00008: DQO
0001s: DQ1

—_

01108: DQ6
0111g: DQ7
10008: DQS
10018: DQ9
1010s: DQE
1111s: DQ[9:0] and DQE inputs

All others: reserved

NOTE 1

NOTE 2

NOTE 3
NOTE 4

The maximum step count supported for DFE and the step size are vendor specific. DFE saturates at the highest supported
step count, which means that all binary encodings higher than the one that corresponds to the maximum supported step count
shall result in the same maximum supported step count. With that saturation scheme, all binary encodings are always valid.

With receiver sub-address 00 a common DFE value is being programmed for both the upper and lower data receiver. With
optional receiver sub-addresses 01p and 10 receiver specific DFE values can be programmed for the upper or the lower data
receiver.

Vendor ID3 (IRA 2) bit DQ6 identifies whether the per-receiver programmability option is supported.

/O sub-addresses 0000s to 1010s select a single input for programming a per-DQE DFE; sub-address 1111 allows
programming a common DFE for all 11 DQ and DQE inputs.
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4.1

Mode Register Assignment and Definition (cont’d)

Table 43 — Mode Register 20 (MR20)

11118:
All others: reserved

DQ[9:0], DQE and RCK t/RCK c outputs

opi1 | opio | opo | ops | op7 | ops | ops | op4 | op3 | orz | or1 | opo
Scramble Code Byte Address RFU Read/Write Data Scramble Code
Function Operand Data Notes
Read/Write Data OP[7:0] | 8-bit or 32-bit code to de-scramble array write data and to scramble array read| 1,2,3
Scramble Code data. The 256 bit of data per array write and read access are organized as 32
UI x 8 data lines.
Default: no data scramble (0000 00008)
RFU OP[8] | Os: Reserved
Scramble Code Byte Address | OP[11:9] | Byte address to select the byte(s) to be programmed via bits in OP[7:0] 1,2,3
000g: Byte 0
001s: Byte 1
010s: Byte 2
011s: Byte 3
111s: All 4 bytes
All others: reserved
NOTE 1 Vendor ID3 (IRA 2) bit DQ3 identifies whether 8-bit or 32-bit scramble code is supported.
NOTE 2 If only 8-bit scramble code is supported then OP[11:9] is ignored.
NOTE 3 Refer to the S7471C DATA SCRAMBLER section for details.
Table 44 — Mode Register 21 (MR21)
oril1 | or1o | opy | ops oP7 OP6 oPs | opr4 op3 | or2 | or1 | oPo
DQ/DQE/RCK TX EQ I/O Sub-Address RFU DQ/DQE/RCK TX EQ
Function Operand Data Notes
DQ/DQE/RCK TX EQ OP[3:0] | TX EQ for DQ[9:0], DQE and RCK_t/RCK c outputs 1
00008s: Off (default)
0001s: +1 step or maximum
0010s: +2 steps or maximum
1110s: +14 steps or maximum
1111g: +15 steps or maximum
RFU OP[7:4] | 0000s: Reserved
DQ/DQE/RCK TX EQ I/O Sub- | OP[11:8] | I/O sub-address for TX EQ 2
Address 00008: DQO
0001s: DQ1
01108: DQ6
0111s: DQ7
10008: DQS8
1001s: DQ9
10108: DQE
10118: RCK tand RCK ¢

NOTE 1

NOTE 2

The maximum step count supported for TX EQ and the step size are vendor specific. TX EQ saturates at the highest supported step count,
which means that all binary encodings higher than the one that corresponds to the maximum supported step count shall result in the same
maximum supported step count. With that saturation scheme, all binary encodings are always valid.

/O sub-addresses 00005 to 10105 select a single output for programming a per-DQ TX EQ, and I/O sub-address 1011 selects the
RCK _t/RCK_c output pair; I/O sub-address 11115 allows programming a common TX EQ for all DQ, DQE and RCK outputs.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 45 — Mode Register 22 (MR22)
OP11 OP10 OP9 OP8 OP7 ‘ OP6 l OP5 I OP4 ‘ OP3 I OP2 ‘ OP1 ‘ OP0
ECS ECS_ ECS_
ECS_ON| pror= | FLAG_ | LOG_ RFU
RESET | RULES
Function Operand Data Notes
RFU OP[7:0] | 0000 0000B: Reserved
ECS _LOG _RULES OP8 Auto ECS error log overwrite rules 1

0p: Maintain

1g: Overwrite

ECS FLAG RESET OP9 Auto ECS flag reset
Os: Disable

15: Reset (bit is self-clearing)

ECS RESET OP10 | Auto ECS reset
Op: Disable

18: Reset (bit is self-clearing)

ECS_ON OP11 | Auto ECS
0Op: Disable (default)
1p: Enable

NOTE 1 Refer to the ErrROR CHECK AND SCRUB (AUTO ECS) section for details.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 46 — Mode Register 23 (MR23)

opil | orwo | opy oPS8 OP7 OP6 ops | or4 OP3 oP2 oP1 OP0

FlFo | LFSR. LFSR_ | LFSR_
p1r rsr| CNT_ | CAOSC | DT EYE MASK | RST | CNT_
— MODE MODE | RESET

LFSR_ | DT

DT ERR PATTERN TYPE | LFSR

Function Operand Data Notes

DT _LFSR OPO Data training mode selection
Op: Data training occurs via the Read FIFO (default)
1: Data training occurs via LFSR

LFSR_TYPE OP1 LFSR Polynomial selection for LFSR based data training
Os: PRBS15
1s: PRBSI1

1,2

LFSR CNT RESET OoPpP2 Reset of the LFSR per-lane error counter
0Os: No reset
1B: Reset (self-clearing).

1,3

LFSR RST MODE OP3 Reset mode of the LFSR per-lane error counter
Os: Automatic reset after RDWTEC command
18: Manual reset via the LFSR_CNT RESET bit

DT EYE MASK OP[5:4] | Data receiver eye mask

00s: No data receiver eye masking

01s: Upper eye (VREFDH) active, lower eye (VREFDL) masked
108: Lower eye (VREFDL) active, upper eye (VREFDH) masked
11s: Reserved

CAOSC OP6 Command/address bus oscillator
Os: Disable (default)
18: Enable

LFSR_CNT MODE OP7 Operation mode of the LFSR per-lane error counter
Os: 12-bit error counter for the combined data eye
18: Two 6-bit error counters separate for lower and upper data eye

FIFO_PTR_RST OP8 Reset of the Read FIFO input and output pointers
0B: No reset (default)
1B: Reset (self-clearing).

DT ERR PATTERN OP[11:9] | Training pattern driven on ERR output 14
000s: Normal mode (default) ’
001p: High-Z

010g: Static +1 level

011s: Static 0 level

100s: Static -1 level

101s: Clock pattern at CK4 rate (4 UI)

110s: Clock pattern at half CK4 rate (4 CA Ul Symbol Rate, optional)
111s: Reserved

NOTE 1 Refer to the D474 TRAINING section for details.
NOTE 2 The bit is ignored when training via the Read FIFO is selected in OPO.
NOTE 3 The bit is self-clearing meaning that it returns to the value Op after the reset has been issued.

NOTE 4 The CA parity, WRCRC error and SEV2ERR signaling on the ERR output is suspended when the DT_ERR_PATTERN bits
are set to any value other than the default 000s.

NOTE 5 Refer to the CommanDp ADDRESS OSCILLATOR (CAOSC) section for details.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 47 — Mode Registers 24 (MR24)
OP11 OP10 OoP9 ‘ OP8 l OP7 l OP6 ‘ OP5 I OP4 ‘ OP3 ‘ OP2 | OP1 | OPO0
LFSR Sub-Address LFSR Seed Bits [9:0]

Function Operand Data Notes

LFSR Seed Bits [9:0] OP[9:0] | Lower 10 bits of a 15-bit starting value for LFSR based data training. The 1,2

LFSR sub-address field in OP[11:10] selects 1 out of 3 LFSRs.
LFSR Sub-Address OP[11:10] | LFSR sub-address for programming a per-LFSR seed. 1,2

008: LFSR for Group 0 signals (DQ[3:0])
01p: LFSR for Group 1 signals (DQ[7:4])
10B: LFSR for Group 2 signals (DQ[9:8] and DQE)

11g: Reserved

NOTE 1 Refer to the D474 TRAINING section for details on LFSR based data training.

NOTE 2 The LFSR sub-address selects one of 3 LFSRs. A total of 6 MRS commands to MR24 and MR25 are required to program
the seed values for LFSR1, LFSR2 and LFSR3.

Table 48 — Mode Registers 25 (MR25)

008: LFSR for Group 0 signals (DQ[3:0])
01p: LFSR for Group 1 signals (DQ[7:4])
10s: LFSR for Group 2 signals (DQ[9:8] and DQE)

11B: Reserved

OP11 OP10 OP9 l OP8 ‘ OP7 | OP6 | OP5 OP4 l OP3 | OP2 | OP1 | OPO0
LFSR Sub-Address RFU LFSR Seed Bits [14:10]
Function Operand Data Notes
LFSR Seed Bits [14:10] OP[4:0] | Upper 5 bits of a 15-bit starting value for LFSR based data training. Bits 1,2
[14:11] shall be programmed to 00008 when PRBS11 is selected by the
LFSR_TYPE bit in MR23.
The LFSR sub-address field in OP[11:10] selects 1 out of 3 LFSRs.
RFU OP[9:5] | 000008: Reserved
LFSR Sub-Address OP[11:10]| LFSR sub-address for programming a per-LFSR seed. 1,2

b

NOTE 1 Refer to the D474 TRAINING section for details on LFSR based data training.

NOTE 2 The LFSR sub-address selects one of 3 LFSRs. A total of 6 MRS commands to MR24 and MR25 are required to program
the seed values for LFSR1, LFSR2, and LFSR3.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 49 — Mode Register 26 (MR26)

OP11 ‘ OP10 l OoP9 ‘ OP8

OP7 ‘ OP6 l OPS | OP4 OP3 OoP2 OP1 OP0
DT_ LFSR
I/O Sub-Address RFU LANE INV LFSR SHIFT SEL
MASK

Function

00008: DQO
00015: DQI

01105: DQ6
0111p: DQ7
1000s: DQS
10015: DQ9
1010s: DQE

All others: reserved

Operand Data Notes
LFSR SHIFT SEL OP[1:0] | Symbol offset for LFSR generated training data 1,2
00gs: 0 symbols (no offset)
01s: 4 symbols
10g: 8 symbols
115: 12 symbols
LFSR_INV OoPpP2 Symbol inversion for LFSR generated training data 1,2
0Os: Not inverted
1s: Inverted
DT LANE MASK OP3 Lane masking for training data 1,2
0p: No masking (Default)
15: Lane is masked
RFU OP[7:4] | 0000B: Reserved
I/O Sub-Address OP[11:8] | I/O sub-address for LFSR data training operation 1,2

NOTE 1 Refer to the D474 TRAINING section for details.

NOTE 2 I/O sub-addresses 00005 to 1010s select one data I/O for programming the LFSR_SHIFT SEL, LFSR_INV and DT _MASK
features using in data training.
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4.1 Mode Register Assignment and Definition (cont’d)
Table 50 — Mode Register 27 (MR27)
opi1 | op1o | opo | ops | op7 | ope | ops | opsa | op3 | or2 | or1 | opo

RFU

ERR Pullup Driver Offset

ERR Pulldown Driver Offset

Function

Operand

Data

Notes

ERR Pulldown Driver Offset

OP[3:0]

Pulldown driver offset for ERR signal (optional)
0000s: 0 (no offset; default)
0001s: +1
0010s:

0111s: +7
1000s:
10018:

11118: -1

1,2

ERR Pullup Driver Offset

OP[7:4]

Pullup driver offset for ERR signal (optional)
0000s: 0 (no offset; default)
0001s: +1
00108: +2

0l1lg:
1000s:
10018:

1111s: -1

1,2

RFU

OP[11:8]

0000g: Reserved

NOTE 1

NOTE 2
is supported or not.

The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative
offset steps the driver strength will be decreased, and RON will be increased; with positive offset steps the driver strength
will be increased, and RON will be decreased.

Vendor ID3 (IRA 2) bit DQ7 identifies whether the optional pullup and pulldown driver offset capability for the ERR output

Table 51 — Mode Register 28 (MR28)

OP11 l OP10 ‘ OP9 ‘ OP8 ‘ OP7 | OP6 ‘ OP5 | OP4 ‘ OP3 | OP2 ‘ OP1 | OPO0
RFU
Function Operand Data Notes
RFU OP[11:0] | 0000 0000 00005: Reserved 1
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4.1 Mode Register Assignment and Definition (cont’d)

Table 52 — Mode Register 29 (MR29)

opt1 | orlo | ors | ops | op7r | ops oP5 orsa | ops | o2 | ort | oro

RFU CMDS DQ Map Mode
Function Operand Data Notes
DQ Map Mode OP[4:0] | Identification of the logical to physical DQ mapping for DQ[9:0] |
00000g: Disabled (default)
100008: DQO
10001s: DQ1
110008: DQ8
110018: DQY9
All others: reserved
CMDS OP5 RDWTEC, RCKSTRT, RCKSTOP Command Set 23
0p: Command Set A (default) ’
1: Command Set B
WCK
FUNCTION | SYMBOL | Clock [CAO[CA1|CA2| CA3 | CA4 |NOTES
Cycle
0 H H
1 H L
2 L \Y
RCK Start | RCKSTRT i C‘;ﬁﬁ;ﬂ‘(’z) II; CAII;AR
5 H H
6 \Y \Y
7 V | CAPAR
0 H H
1 H L
2 H \Y
3 i L | CAPAR
RCK Stop | RCKSTOP | c\(/)amhr: ;‘;‘é) . .
5 H H
6 \Y \Y
7 V | CAPAR
0 H H
1 L H
2 \Y \Y
5::::1::; ::Vrrrl;: RDWTEC [ C\gﬂﬁi‘(’]‘(’z) H_1 CAPAR
Counter 4 H H
5 H H
6 \Y \Y
7 V | CAPAR
RFU OP[11:6] | 00 0000s: Reserved

NOTE 1: DQ map mode is disabled by default and enabled by setting bit OP4 to 1s. Refer to the DO Mar MoDE section for details.

NOTE 2: CMDS is an optional feature. Vendor ID5 is used to identify support. Refer to the /N70 READ section and vendor’s datasheet
for more details.

NOTE 3: Command Set A is the standard CormMAND TRUTH TABLE.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 53 — Mode Register 30 (MR30)

opi1 | oplo | opo | ops | op7 | ops | ops | opa | ops | or2 | or1 | opo

ECC_ ECC_

RFU 2CH ECC_PAR SEL VEC ECC_TM
Function Operand Data Notes
ECC_TM OPO ECC engine test mode 1

Og: Disable (default)
15: Enable
ECC_VEC OP1 ECC engine test vector selection 1,2

0B: Code word 0 (CWO0)
1s: Code word 1 (CW1)

ECC PAR SEL OP[7:2] | ECC parity bit error injection 1,2
00 XXXXg: No error injection

01 0000s: Error injected on parity bit 0
01 0001s: Error injected on parity bit 1

01 1110s: Error injected on parity bit 14
01 1111s: Error injected on parity bit 15
1XXXXXs: Reserved

Additional ECC engine test at 2 Channel mode

ECC _2CH (optional) OP8 Os: First pass ECC engine (default) 1,3
18: Second pass ECC engine
RFU OP[11:9] | 0000s: Reserved

NOTE 1 Refer to the ECC ENGINE TEST MODE section for details.

NOTE 2 The ECC_VEC and ECC_PAR_SEL bits are only evaluated when ECC engine test mode is enabled by the ECC_TM bit in
OPO.

NOTE 3 IfIRA3 DQ4 = 0B, the user is required to test both MR30 OP8 =0 and 1 at 2 channel mode.
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4.1 Mode Register Assignment and Definition (cont’d)

Table 54 — Mode Register 31 (MR31)

opi1 | opro | opo | ops | op7 | ops | ops | opa | op3s | or2 | op1 | opo
hPPR RFU PPR Guard Key
Function Operand Data Notes
PPR Guard Key OP[7:0] | 8-bit Guard Key for Post Package Repair 1
Seql: 1100 11118
Seq2: 0111 00118
Seq3: 1011 10118
Seq4: 0011 10118
RFU OP[10:8] | 000B: Reserved
hPPR OP11 | Hard Post Package Repair 1
Os: Disable (ignore PPR guard key; default)
18: Enable

NOTE 1 Refer to the H4rD POST PACKAGE REPAIR (HPPR) section for details.

4.2 Mode Register Default Settings
Table 55 — Mode Register Default Settings

Item Mode Register | Default Setting Description
CABI MRO OPO Os Enabled
RDCRC MRO OP3 OB Disabled
WRCRC MRO OP4 OB Disabled
SLX2CAT MRO OP5 OB Enabled
SRSLX2CAT MRO OP6 OB Enabled
™ MRO OP7 OB Normal mode
PAM3 MRO OP8 OB NRZ mode
FD FLAG MRO OP11 OB Enabled
DQ/DQE/RCK Diriver Strength MRS5 OP[1:0] 008 40 Ohm, auto-calibrated
DQ/DQE Data Termination MR5 OP[3:2] 008 Disabled
ERR Driver Strength MRS5 OP5 OB 40 Ohm, auto-calibrated
CAL UPD MR35 OP[8:7] 008 Enabled
SEV2ERR MRS5 OP9 Os Disabled
DQE HZ MRS OP10 OB Disabled
DPP TM MRS OP11 OB Disabled
DQ/DQE/RCK PD Offset (Leg 1) MR6 OP[3:0] 00008 Disabled (no offset)
DQ/DQE/RCK PD Offset (Leg 2) MR6 OP[7:4] 00008 Disabled (no offset)
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Table 55 — Mode Register Default Settings (cont’d)

Item Mode Register | Default Setting Description
DQ/DQE/RCK PU Offset (Leg 1) MR7 OP[3:0] 00008 Disabled (no offset)
DQ/DQE/RCK PU Offset (Leg 2) MR7 OP[7:4] 00008 Disabled (no offset)

DQ/DQE Data Termination Offset MR7 OP[11:8] 00008 Disabled (no offset)
DRFM MRS OP2 OB Disabled
DCC MRS OP[6:5] 008 Disabled
TS Range MR8 OP7 OB Range 0
DPP MR8 OP8 OB Disabled
Self Refresh MR8 OP[10:9] 008 Fixed self refresh interval
RCKMODE MR9 OPJ[1:0] 008 Disabled
VDD Range MR12 OP[1:0] 008 Default level
VDDQ Range MR12 OP[3:2] 008 Default level
WCK Frequency MR12 OP[8:4] 000008 For fwck < fwcknrz
CA Termination MR13 OP[2:0] 0008 Value latched on CA1 input at exit from reset state
CA Termination Offset MR13 OP[5:3] 0008 Disabled (no offset)
WCK Termination MR13 OP[8:6] 0008 Value latched on CA2 input at exit from reset state
WCK Termination Offset MR13 OP[11:9] 0008 Disabled (no offset)
VREFCA MR14 OP[5:0] 01011118 VRrerca = 0.725 X Vbpq
DFECA MR14 OP[10:7] 00008 Disabled (no DFE)
Half VREFCA MR14 OP11 Os Disabled (default Vrerca level)
CAPAR MR15 OPO OB Disabled
CAPARBLK MRI15 OP1 OB Disabled
CSP_FB MR15 OP2 OB Disabled
CAPARBLK LAT Control MRI15 OP6 OB Implicit CAPARBLK LAT
Read/Write Data Scramble Code MR20 OP[7:0] 0000 00008  |Disabled (no scramble code)
DQ/DQE/RCK TX EQ MR21 OP[3:0] 00008 Disabled
ECS_ON MR22 OP11 OB Disabled
DT LFSR MR23 OPO Os Data training via the Read FIFO
CAOSC MR23 OP6 OB Disabled
DT _ERR PATTERN MR23 OP[11:9] 0008 Disabled
DT_LANE_MASK MR26 OP3 Os Disabled (no lane masking)
ERR Pulldown Driver Offset MR27 OP[3:0] 00008 Disabled (no offset)
ERR Pullup Driver Offset MR27 OP[7:4] 00008 Disabled (no offset)
DQ Map Mode MR29 OP[4:0] 000008 Disabled
CMDS MR29 OP5 OB Command Set A
ECC_T™M MR30 OPO OB Disabled
hPPR MR31 OP11 OB Disabled
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5 Training

5.1 Interface Training Sequence

Due to the high data rates of GDDR?7, it is recommended that the Command Address and Data bus interfaces
be trained to operate with the optimal timings. GDDR7 SGRAM has features defined which allow for
complete and efficient training of the I/O interface without the use of the device’s memory array. The
interface trainings are required for normal DRAM functionality unless deemed optional by the DRAM
vendor or unless running in lower frequency modes as described in the low frequency section. Interface
timings will only be guaranteed after all required trainings have been executed.

A recommended order of training sequences has been chosen based on the following criteria:

The Command Address (CA) training must be done first to allow full access to the Mode Registers. CA
input timing shall function without training as long as tWCK2CA offset timing with sufficient eye window
margin are met and CSP has been successfully issued.

CSP must then be issued before CA commands are valid.

ERR training may be optionally completed. It is suggested to train ERR signal before READ and WRITE
trainings such that CA Parity information can be properly received by the host during and after these
trainings.

READ training should be done before WRITE training because optimal WRITE training depends on correct
READ data.

As part of WRITE training, the host has the ability to find the data-eye optimal position in the horizontal
direction and also the ability to adjust VREFDH/L per DQ/DQE using the mode registers to find the data-
eye optimal position value. Additionally, the host may adjust CTLE, and DFE levels per DQ/DQE or per
channel using the mode registers to find the data-eye optimal equalization values.

| Initialization |

| Command Address Training (Optional) |

| ERR Training (Optional) |

| READ Training (FIFO and/or LFSR mode) |

| WRITE Training (FIFO and/or LFSR mode) |

| Start Normal Operation |

Figure 23 — Interface Training Sequence
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5.2 Command Address Bus Training

GDDR7 SGRAMs provide a means for Command Address (CA) bus interface training. The host may use
the CA training mode to improve the timing margins on the CA bus, and to discover which WCK positive
edge currently corresponds to the internal CK4 positive edge.

CA training mode is entered in one of the following ways:
e Using the CATE command
o  When Command/address parity blocking is enabled (MRO OP2) and a CA parity error occurs
e When exiting Sleep while the SLX2CAT mode register flag is set
e When exiting Self-Refresh Sleep while the SRSLX2CAT mode register flag is set
e Following RESET during power up initialization or initialization with stable power

CA training mode uses an internal bridge between the device's CA inputs and DQ[9:0] outputs. Once the
device is placed into CA training mode, the only command that can be interpreted is the CA training exit
command. After CA training mode has been entered and tCATE or tSLX_CAT has been met, the CA values
registered on every internal CK4 0/CK4 1 or CK4 2/CK4 3 will be transmitted concurrently to the host
on DQ[9:0] tADR time later. The order of returned samples in the sample window along with RCK t rising
edge always starts with CK4 0 as the shown in FIGURE 24. The host is then expected to compare the DQ
pattern received to the expected value and to adjust the CA transmit timing accordingly. The procedure
may be repeated using different CA patterns and interface timings. F7GURE 24 and FIGURE 25 show the
synchronous entry into CA Training mode using the CATE command.

After CA training entry the device will, within tCATE2RCK or tSLXCAT2RCK, asynchronously start
driving RCK continuously at nCK4 rate. CA training mode ignores the RCKMODE, RCKTYPE, and
RCKLEVEL mode register fields, and instead the device always drives a differential full-swing RCK. The
device will asynchronously stop driving RCK at nCK4 rate within tCATX after it receives a CATX
command. When the device is in RCKSTRT/RCKSTOP or RD/RCKSTOP mode the host must stop RCK
prior to a CATE command. When the device is in RCKSTRT/RCKSTOP or RD/RCKSTOP mode, RCK
will revert to stopped during tCATX. When the device is in RCK always-on mode RCK will revert to on
during tRCK_AON_CATX, and the transition between nCK4 and full rate RCK is asynchronous. Before
the CATX command, the host must issue 4 consecutive WCK cycles of CA[4:0] = H. CATX command
requires the host to hold CA[4:0] low, with proper tAS and tAH, for 16 consecutive WCK cycles. After the
CATX command, the host must drive CA[4:0] = H (NOP2) for the duration of tCATX before issuing a
CSP command. FIGURE 27 shows the sequence for CA training exit.

It should be noted that the host must use caution when selecting CA training patterns. Certain training
patterns may cause an unintentional CATX while the host is sweeping phase near a CA Ul boundary. Any
CA training pattern which does not meet the following criteria is at risk of an unintentional CATX:

o Atleast one of the CA[4:0] lanes must be held high for at least two consecutive WCK cycles within
every rolling 12 WCK cycle window after tCATE and before issuing a CATX command

Additionally, CA-to-CA system skew must be carefully considered by the host when selecting patterns
which satisfy the above criteria.
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5.2 Command Address Bus Training (cont’d)

While in CA training mode the device drives captured CA values to the host on DQ[9:0]. DQE is driven by
the host to the device and is used to select which clock phases the device is sampling. The DQE input
ignores the PAM3 bit in MRO, Data ODT bit in MR5, VREDFL/H, DFE, and CTLE bits in MR16-19 while
in CA training mode. No DQE related programming is necessary, and DQE is always an unterminated NRZ
signal from host to device in both PAM3 and NRZ data modes, with a VREF of 0.5*VDDQ. When the
device receives DQE=H, the device samples CA on CK4 0 and CK4 1. When the device receives DQE=L,
the device samples CA on CK4 2 and CK4 3. Host must hold CA[4:0]=V for tDQE_POST nCK4 cycles
after DQE changes. FIGURE 26 shows the sequence for changing DQE to select a different pair of CK4
phases.

In NRZ mode a CA input of H results in an NRZ DQ output of H, and a CA input of L results in an NRZ
DQ output of L.

In PAM3 mode a CA input of H results in a PAM3 DQ output of +1, and a CA input of L results in a PAM3
DQ output of -1.

The mapping of CA[4:0] input, DQE input, and DQ[9:0] output is found in 74BLE 56.

Table 56 — CA Capture to DQ Return Mapping

DQE (Input) Status Sampled Phase CA0 CAl CA2 CA3 CA4
DQE=H CK4 0 DQO DQ2 DQ4 DQ6 DQS
DQE =H CK4 1 DQI DQ3 DQ5 DQ7 DQ9
DQE=L CK4 2 DQO DQ2 DQ4 DQ6 DQ8
DQE=L CK4 3 DQI DQ3 DQ5 DQ7 DQ9

If ECS is enabled, when CA Training with Self Refresh is entered, ECS operations may continue to
operate or they may be stopped depending on how CA Training was entered. See the SIMPLIFIED STATE
D14GRAM for details on how CA Training with Self Refresh can be entered.
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5.2 Command Address Bus Training (cont’d)

WCK

CK4_0

CK4_1

CK4_2

CK4_3

CA[4:0]

DQE

DQI8,6,4,20] T
1 ]

{CATE2RCK—]
RCK 77

DQ[9,7,5,3,1]

CAPAR and Disabling CAPAR

CABI and CABI CAPAR and CABI disabled

NOTES:

1. tCATE in this example is 7 nCK4.

2. tADR in this example is 4 tCK4 and Ons analog output delay for illustration purposes.

3. tCATE2RCK in this example is less than tCATE. It may be more than tCATE, but must be less than tCATE+tADR-1 nCK4 to ensure RCK is
toggling prior to the first DQ output.

. DQ[9:0] in this example are PAM3 signals at +1/-1 levels. In NRZ mode they would be NRZ signals at H/L levels.

. RCK state is unknown during tCATE2RCK. First pulse may be incomplete.

. In this example RCK and DQ are shown with Ons analog output delay.

. The states of CAPAR and CABI calculations are applicable when the functions are enabled in the respective mode registers.

Valid = H or L but not floating.

. tADR specified in ns shall be the same for all CA -->DQ pairs across all active channels.

0. tCAT_DQ2DQ shall be limited such that DQ feedback available on a given RCK edge corresponds to the phases of the CA pattern captured
by edges of the same CK4 quartet (defined as a set of CK4 0 /1/2/3 clock phases)

— 0 0 WL A

Figure 24 — CA Training Entry and CK4_0/ CK4_1 Sampling
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5.2 Command Address Bus Training (cont’d)

WCK

CK4_0

CK4_1

CK4_2

CK4_3

CA[4:0]

DQE

[——CAPAR2ERR

R, A 7 S S GRS G
Z 7 S T G—— ——
[ [ [ Y

DQ[8,6,4,2,0]

DQ[9,7,5,3,1]

; {CATE2RCH ! > |

O 7/ /77 s s i G 1 W

CABI and CABI CAPAR and CABI disabled

CAPAR and Disabling CAPAR ’ l

NOTES:

1. tCATE in this example is 7 nCK4.

2. tADR in this example is 4 tCK4 and 0 ns analog output delay for illustration purposes.

3. tCATE2RCK in this example is less than tCATE. It may be more than tCATE, but must be less than tCATE+tADR-1 nCK4 to ensure RCK is
toggling prior to the first DQ output.

. DQ[9:0] in this example are PAM3 signals at +1/-1 levels. In NRZ mode they would be NRZ signals at H/L levels.

. RCK state is unknown during tCATE2RCK. First pulse may be incomplete.

. In this example RCK and DQ are shown with Ons analog output delay.

. The states of CAPAR and CABI calculations are applicable when the functions are enabled in the respective mode registers.

. Valid = H or L but not floating.

[N e O N

Figure 25 — CA Training and CK4_2 / CK4_3 Sampling

WCK

CK4_0

CK4_1

CK4_2

CK4_3

CA[4:0]

DQE

DQ[8,6,4,2,0] !

DQ[9,7,531]

RCK

NOTES:

1. tADR in this example is 4 tCK4 and 0 ns analog output delay for illustration purposes.
. tDQE_POST in this example is 5 nCK4.

. CA[4:0] Valid during tDQE_POST must not match the CATX command.

. In this example RCK and DQ are shown with 0 ns analog output delay.

. Valid = H or L but not floating.

N AW

Figure 26 — DQE Change to Select Alternate CK4 Phases
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5.2 Command Address Bus Training (cont’d)

CK4_0
CK4_1
CK4_2

CK4_3

oagol (O Tvda Y CATX N NG D@OQ,DCD 4 TS )
DQ[8,6,4,2,0] A':’ v M v . g / . f
bas 7531 ° v v W A A/, A A A
| ﬂ
isabled Enabling CABI i CABI calculated

NOTES:

1. CATX command is 16 WCK of CA[4:0]=L. CATX command is shown aligned to CK4 for illustration purposes.

2. tCATX in this example is 6 nCK4.

3. tCSP_PRE in this example is 3 nCK4.

4. During tCATX the device will stop driving CK4 rate RCK. The state of RCK depends on the RCKMODE setting in MR9. Last pulse of RCK
at CK4 rate may be incomplete. If RCKMODE set to RCK always on mode, then the RCK will start toggling at full rate during
tRCK_AON_CATX.

. During tCATX the device will stop driving DQ. Stopping at TS is shown as an example of the earliest for illustration purposes.

. In this example RCK and DQ are shown with Ons analog output delay.

. If the optional CSP Feedback feature is supported and enabled, the ERR signal will transition to “0” level after tCSP_ACK_PRE and will
transition to “+1” level tCSP_ACK_POST after CSP decoded successfully. If not enabled, the ERR signal continues to be driven at the “+1”
level. See the COMMAND START POINT (CSP) section for more details.

8. Valid = H or L but not floating.

~N N

Figure 27 — CA Training Exit

The device will enter CA training mode following an SLX command if woken from Sleep when the
SLX2CAT mode register field is set or if woken from Self-Refresh Sleep when the SRSLX2CAT mode
register field is set. FIGURE 28 shows the transition from either Sleep mode to CA training mode.

CA[O]\

CAK0] Cj P
O, (i i i i
paprsatl i {SLXCAT2RCKAI—————p i i ! ” 1

S 7 777, 7 e s

NOTES:

1. tSLX in this example is 5 nCK4.

. tSLX CAT in this example is 7 nCK4.

. tADR in this example is 4 tCK4 and Ons analog output delay for illustration purposes.

. tSLXCAT2RCK in this example is less than tSLX_CAT. It may be more than tSLX_ CAT, but must be less than tSLX CAT-+tADR-1 nCK4
to ensure RCK is toggling prior to the first DQ output.

. DQ[9:0] in this example are PAM3 signals at +1/-1 levels. In NRZ mode they would be NRZ signals at H/L levels.

. RCK state is unknown during tSLXCAT2RCK. First pulse may be incomplete.

. In this example RCK and DQ are shown with Ons analog output delay.

. Valid = H or L but not floating.

B LN

[ RN e )}

Figure 28 — SLX to CA Training Entry
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5.2 Command Address Bus Training (cont’d)

When CA Parity and CA Parity Command Blocking are enabled, the device will enter CA training mode
following a detected error on the CA bus. FiGURE 29 shows the transition from a CA parity error to CA
Training mode. For more information on parity and command blocking refer to the CA parity section.

WCK

CK4_0
CK4_1

CK4_2

CK4_3

CA[4:0] C: Valld >( CAPARERROR XiZ/;jU

‘47(:APAR25RR
\
i
i

ERR ¢
R |
—W*lCATEf

i
I
T
T
|
"
DQE }
b
|
I
|
\
|
i

IR ,‘

DQ[8,642,0] °
4

DQ[9,7,5,3,1] N

\
RCK %

7tCATE2RCK4>L J \_/jL\—/

§ 7 7 e e
3 Q& i e X

NOTES:

. CAPAR2ERR in this example is 6 nCK4.

. tCAPAR _UNLOCK in this example is 84 nCK4.

. tCATE in this example is 7 nCK4.

. tADR in this example is 4 tCK4 and 0 ns analog output delay for illustration purposes.

. tCATE2RCK in this example is more than tCATE. It may be less than tCATE, but must be less than tCATE+tADR-1 nCK4 to ensure RCK is
toggling prior to the first DQ output.

. DQ[9:0] in this example are PAM3 signals at +1/-1 levels. In NRZ mode they would be NRZ signals at H/L levels.

6. RCK may be toggling at WCK rate prior to T85 in this example. RCK state is unknown during tCATE2RCK. First nCK4 pulse may be

incomplete.
7. In this example RCK and DQ are shown with Ons analog output delay.
8. Valid = H or L but not floating.

BN —

i

Figure 29 — CA Parity Error to CA Training Entry

Following deassertion of RESET n the device will enter CA Training mode. Several mode register fields
have default values to support CA Training immediately after reset, before any commands may have been
issued. These include:

e MRO PAM3: DQs default to 0, NRZ mode.
e MRS Driver Strength: DQ and RCK drive strength defaults to 00, 40 Ohm auto calibrated.

e MR6 PD Offset Leg 1 and Leg 2, and MR7 PU Offset Leg 1 and Leg 2: Driver Offsets default to
0000, no offset.

e MR13 CA Termination: Termination for CA inputs defaults to 000, value latched at exit of reset.

e MRI13 WCK Termination: Termination for WCK inputs defaults to 000, value latched at exit of
reset.

e MRI13 CA Termination Offset: CA offset defaults to 000, no offset.

e MR13 WCK Termination Offset: WCK offset defaults to 000, no offset.

e MR14 VREFCA: CA reference voltage defaults to 0101111, 0.725*VDDQ.

e MRI14 DFECA: DFE for CA defaults to 0000, no DFE.

e MRI14 Half VREFCA: Defaults to 0, use programmed reference voltage VREFCA.



5.2

Command Address Bus Training (cont’d)

FIGURE 30 shows the transition from RESET to CA Training mode.
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s A ; : j -:

oKat A i - A | X |

a2 AN vz e L b L L ke
ks LML 27 . — | | | | |
RESET_n :jﬁh mm;hi i % i _ i N i i e i i
CAK0] :CONFIG Limw JA ‘A}!b @\L\ius 1‘1 5.8, ‘ Valid \,:X;\_V?Qd_/:X; Valid DD
w1
L W7 T/ 72 77 P (i /7 S G G
OGN (A i % RW (LA 77 S S S
SR 7 e e e e ——
NOTES: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

1. tCATE in this example is 7 nCK4.

2. tADR in this example is 4 tCK4 and Ons analog output delay for illustration purposes.
3. tCATE2RCK in this example is less than tCATE. It may be more than tCATE but must be less than tCATE+tADR-1 nCK4 to ensure RCK is

toggling prior to the first DQ output.

~N N B

. Valid = H or L but not floating.

. DQ[9:0] are NRZ signals at H/L levels. Reset default for DQ mode is NRZ.
. RCK state is unknown during tCATE2RCK. First pulse may be incomplete.
. In this example RCK and DQ are shown with 0 ns analog output delay.

Figure 30 — RESET Deassertion to CA Training Entry

Table 57 — AC Timings in Command Address Training Mode

Parameter Symbol Min Max Unit
CA training entry to first sampling tcATE - ns
CA training entry to RCK on delay tCATE2RCK - tcaTE + tADR - tck4 ns
Sleep mode exit when SLX2CAT = 1g or Self Refresh
Sleep mode exit when SRSLX2CAT = 1 to CA tsLx_cat - See TABLE 154 ns
training entry delay
Sleep mode exit when SLX2CAT = 13 or Self Refresh ¢ (max) + tapr (max)
Sleep mode exit when SRSLX2CAT = 1g to RCK on | tsixcazrck - SLX_CAT o ADR ns
delay cK
CA sampling from CK4 0 (int) to data out delay tADR ns
CATX to CSP command delay tcaTx MAX(10, 10 x tcka) ns
CA[4:0] valid following DQE transition tpe_post | MAX(10, 10 X tcks) - ns
RCK rising to DQ valid window start in CA Training | tcat rck2pQ ps
DQ to DQ output skew in CA Training tcAT DQ2DQ ps
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5.3 ERR Training

GDDR7 SGRAMs provide a means for detecting CA Parity errors and Write CRC errors and returning this
information back to the host on the ERR signal. The ERR signal will transfer error information at CK4
symbol rate using PAM3 signaling. ERR signal transfers error information using PAM3 signaling in both
PAM3 mode and NRZ mode. Please refer to the £RR SIGNAL section for further details.

To enable robust ERR signaling the following ERR training related features are introduced which enable
the host to train host ERR receiver voltage levels:

e DC patterns (+1, 0, -1)

e Clock patterns

DT _ERR PATTERN (MR23 OP[11:9]) can be configured to one of the following modes which determine
ERR signal behavior as illustrated in F/GURE 31:

e (000 = normal mode

e 001 = off (High-Z)

e 010 =drive +1 (See note 1)

e (011 =drive 0 (See note 1)

e 100 =drive -1 (See note 1)

e 101 = drive clock pattern. CK4 rate, +1/-1. (See note 1)

e 110 = drive clock pattern. Half CK4 rate, +1/-1 (See note 1, and note 2)
e 111=RFU

NOTES:
1. ERR training is only valid in Bank Idle, REFab and SRF with TR flag set to H

2. The support of half CK4 rate clock ERR signal training pattern is optional in 16 Gbit devices. The host
can use Vendor ID4 (IRA3 DQS5) as described in the Info Read section to verify if this feature is
supported in 16 Gbit devices. Half CK4 rate error training is mandatory in 24 Gbit and larger density
devices.

If MR23 OP[11:9] (DT_ERR_PATTERN) is programmed to any value other than 0b000 (Normal mode)
the CAPAR, WRCRC and SEV2ERR are not calculated and will be treated as a don’t care. The
programmed ERR signal behavior will be valid by tMOD from MRS.
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53 ERR Training (cont’d)
To T T2 T3 T4 T5 T6 7 T
| | | | | | | | |
CK4 ; ; ¥ ; ¥ ; ¥ ; |
@ty 4 } d 1 d | d 1 |
= | | | | | | | | |
q \\ ,‘ ,‘\ ,‘ l,,‘\ ,‘ ,‘\ ‘\ ’,J
= weK | A }
= a L o b o b " 1 |
o L | | | | | | | |
Q 010B | ERR o ! ! ! ! ! ! ! l
M -1 | | | | | | I ! |
s i i i 1 1 1 i i i
Z 0118 | ERR o 1 1 ; ; ; 1 1 |
[~ A et i i i | | i i |
m | | | | | | | | |
h 1 I I L L I I I I I
z 1008 | ERR o | | | | | | | | |
o i i i i i i i i |
o e : : : : : ! ! :
M 1 0 1 B E R R o .'{ t"' t" t"' .'{ t{' .'( t" !
= Y | | | | | | | |
e R ! e, ! L ! e ! !
T I | | | | | | [ I
NOTES:

1. ERR pattern timings is shown edge aligned to CK4(int) for illustration purposes. Actual support values are found in the MopE
REGISTERS and AC TIMINGS sections.

2. DT_ERR_PATTERN (MR23 OP[11:9] = 1105 is optional in 16Gbit and mandatory in 24Gbit and larger densities. Support in
16Gbit devices can be determined by reading VID4 (IRA3 DQS5).

Figure 31 — ERR Training Patterns

In addition, the host may train Command/Address parity error latency on ERR signal. ERR latency training
is executed by the host using normal commands with DT _ERR_PATTERN (MR23 OP[11:9]) set to 3’b000
(normal mode). It should be noted that some configurations of the DRAM device may only support a
variable CA parity latency.

The follow example training sequence can be used by the host to train ERR latency:

el

Command/address parity blocking should be disabled (MR15 OP1 CAPARBLK)
Command/Address parity must be enabled (MR15 OP0 CAPAR)

Wait tMOD

Issue NOP with CAPAR bit intentionally set incorrectly and monitor timing on CA parity
error returned on ERR signal
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5.4 Data Training

5.4.1 Data Training Common Features

5.4.1.1 Overview

GDDR7 SGRAMs provide a means for training the data bus (DQE and DQ[9:0]) interface training . Data
training encompasses both Read training and Write training and may be required to enable high-speed data
transmission between a host and DRAM device. New for GDDR?7, data training can be executed with one
of two different data training modes enabled: FIFO data training mode or LFSR data training mode. Both
data training modes enable interface training without needing to access the memory core.

FIFO data training mode enables the host to write custom patterns to and read custom patterns from the
Read FIFO for data training. While FIFO data training mode enables useful custom training patterns it
cannot be used to create a long continuous PRBS pattern (due to FIFO depth limitations) which can be
useful for some types of trainings to improve training accuracy and/or reduce training time. Thus, LFSR
data training mode is introduced to supplement FIFO data training mode. FIFO or LFSR data training mode
can be set via MR23 OPO (DT _LFSR).

Data training utilizes the following commands:
e LDFF — Load data into Read FIFO from CA bus. A LDFF command is not allowed when MR23
OPO (DT _LFSR) is set to 1p to allow data training using the LFSR.
o  WRTR — Write training data from DQ into FIFO, or to compare with LFSR
e RDTR — Read training data on DQ from FIFO, or from LFSR
e RDWTEC — Read LFSR write training burst error count values. A RDWTEC command is not
allowed when MR23 OPO (DT _LFSR) is set to Og to allow data training using the FIFO.

Data training may be performed in the following states:
e Bank Active

Following a REFab with the TR flag set to H

In Self-refresh with the TR flag set to H

In Self-refresh following an exit from Self-refresh-sleep

The host must not trigger a transition to all banks Idle using a PREab or a PREpb to the last open bank
before completing any ongoing data training operation.

Eye Masking

In PAM3 mode, in either FIFO or LFSR data training mode, eye masking can be applied which enables the
host to train either just the upper eye, lower data eye or both depending on MR23 OP[5:4]
(DT_EYE_MASK) programmed value. The programmed eye mask setting is common to all DQs and DQE
within the channel. See MR23 OP[5:4] for programming details. The table below shows programming
options.
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Data Training (cont’d)

Table 58 — Data Training Eye Mask
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PAM3 Input RX Upper RXLower | FAES Ouput
Eye Mask Mode Svmbol Output Output Sl
ym| tp P (post masking)
+1 1 ! oL
No Eye Mask 0 0 1 0
1 M
(Normal Mode) ] 0 0 -1
+1 1 X ked +1
Mask Lower Eye i)
(Lower eye is a don't care) 0 0 e 0
y ] 0 X (masked) 0
+1 X (masked) 1 0
er oo 8 s dovaney |0 Wlomsie | s
pper ey 1 X (masked) 0 -1

DRAM data path diagram is shown below with eye masking locations highlighted.

DQ[9:0]
DQE

CA[4:0]

NOTES:

Captured
data

WRTR Burst Comparators
and Burst Error Counters
(per DQ lane)

Burst error result

DQ[9:0] FIFO: (8x10x32) bits
Bits = (FIFO DEPTH x DQ’s x 32)

CAT Feedback

DQ[9:0] FIFO

345,

b
A
‘

d

24b

CRC
PAM3
Decoder

»|  CRC
d

1b
Error,

Check

BARRREAY
Output

pointer

nput
pointer

DQE FIFO: (8x1x32) bits

‘ pointer ‘ ‘

pointer ‘

32b

xcZ

»

PAM3

Decoder

1b

Descramble

2 DRAM

PAM3

Encoder

PSN/SEV
<

¢
256b 256b
Scramble h

CORE

I [
4 Address Path

1. FIFO depth is vendor specific. A FIFO depth of 8 shown for illustration purposes.
2. PAM3 mode shown.

Figure 32 — Data Paths Used for Read and Write Trainings

CRC Gen

352b

a2
Q N2 0| DpaGroupo
= DQ[3:0]
a2
§ DQ Group 1
™ DQ[7:4]
42
& [l35;88  DQ Group 2
[ DQ[9:8],DQE
LEGEND

Eye level masking common to all
data-lanes and both FIFO and LFSR
data training mode

LFSR generator with seed value
uniquely programmable per DQ
group

Per data-lane programmable LFSR
mode pattern modifications

ny
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5.4.1.2 Data Training AC Timings

Table 59 — Data Training AC Timings !

VALUES
PARAMETER SYMBOL UNIT | NOTES
MIN MAX
Activate to LDFF command delay tRCDLTR — ns
Activate to RDTR command delay tRCDRTR — ns
Activate to WRTR command delay tRCDWTR — ns
LDFF to LDFF command delay tLTLTR — nCK4
LDFF31 to RDTR command delay tLTRTR — nCK4
Read to LDFF command delay tRDTLT RL+ DQE];L +BLA8 - nCK4 2
. WL + BL/8 + RU
Write to LDFF command delay twrrLT (tWTR(min) / (CK4) - nCK4 3
RDTR or Info Read to LDFF command delay tRTRTLT RL+BL/8+2 - nCK4
RDTR to RDTR command delay tcep BL/8 - nCK4
RDTR, RDWTEC or Info Read to Mode Register Set command delay tRTRMRS RL+BL/8+2 - nCK4
RDTR, RDWTEC or Info Read to Read command delay tRTRRD RL+BL/8+2 - nCK4 2
RDTR to RDWTEC or Info Read; or RDWTEC to RDTR or Info
Read; or Info Read to RDTR or RDWTEC command delay trrrae RL +BL/8 +2 B nCK4
RDTR, RDWTEC or Info Read to Power-Down Entry command delay tRTRPDE RL+BL/8+2 - nCK4
RDTR, RDWTEC or Info Read to Sleep Mode Entry command delay tRTRSLE RL+BL/8+2 - nCK4
+ +
Read to RDTR, RDWTEC or Info Read command delay tRDRTR RL DQE]EL BL/8 - nCK4 2
. WL + BL/8 + RU
Write to RDTR, RDWTEC or Info Read command delay tWRRTR (tWTR(min) / (CK4) - nCK4 3
. RL+BL/8+3-WL
RDTR, RDWTEC or Info Read to Write or WRTR command delay tRTRWR + RU(BTT / tCK4) - nCK4 3
WRTR to WRTR command delay tcep BL/8 - nCK4
WRTR to RDTR, RDWTEC, Info Read or Read command delay tWTRTR WL +BL/8+2 - nCK4 2
. . WL + BL/8 +
Write or WRTR to Mode Register Set command delay twRMRS WRCRC2ERR + 2 - nCK4 3
. WL +BL/8+2+
Write or WRTR to Power-Down Entry command delay twrPDE WRCRC2ERR - nCK4 3
WL +BL/8+2+
WRTR to Sleep Mode Entry command delay twTSLE WRCRC2ERR - nCK4
WRTR to Write command delay tWTRWR WL +BL/8 +2 - nCK4 3
Write to WRTR command delay tWRWTR WL + BL/8 +2 - nCK4 3
REFab to RDTR or WRTR command delay tko - ns

NOTE 1 See AC Timings section for more details.

NOTE 2 Read commands in this context comprise RD and RDA commands.

NOTE 3 Write commands in this context comprise WR and WRA commands.
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5.4.1.3 FIFO Data Training Mode

FIFO data training mode enables the host to train the data link using custom programmed patterns by writing
to or reading from the Read FIFO using LDFF, WRTR and RDTR commands. The Read FIFO allows each
data lane to support a unique training pattern with the pattern length limited to the Read FIFO depth. The
Read FIFO depth is vendor specific and should be read out by the host via IRD command to IRA1 (PAM3
FIFO Depth and NRZ FIFO Depth). RDWTEC commands are not allowed when MR23 OPO (DT_LFSR)
is set to Og to allow data training using the FIFO. The following additional command restrictions must be
followed when MR23 OPO (DT _LFSR) is set to O to allow data training using the FIFO.

The total number of LDFF commands to burst 31 plus the total number of WRTR commands modulo FIFO
depth must be equal to the total number of RDTR commands modulo FIFO depth. That is, the condition
shown in Equation 1 must be satisfied. If this condition is violated the Read FIFO pointers may need to be
reset. The interleaving of LDFF and WRTR without RDTR is not allowed.

Equation 1:

(Total LDFF31 commands + total WRTR commands) mod(FIFO depth) = Total RDTR commands mod(FIFO depth)

After loading the Read FIFO via LDFF or WRTR commands its contents are invalidated if any commands
are issued other than LDFF, RDTR, WRTR, NOP, RCKSTRT, RCKSTOP, PREab, PREpb, REFpb, REFab
(TR=H), RFMpb, RFMab, and MRS to MR[26:24], MR23 OP[11:1], MR[21:16, 7:6], MR5 OP[8:0].

To ensure FIFO data training pointers are correctly set, the following conditions will reset the Read FIFO
pointers:

e Read FIFO pointers will be reset before the expiration of tCSP_POST after a SGRAM Reset, Sleep
Exit, or CA Training Exit

¢ Issuing an MRS command to program MR23 OP8 (FIFO_PTR_RST) to 18. MR23 OPS8 is a self-
clearing Mode Register.

o If a CA Parity error happens with CAPAR enabled and CAPARBLK disabled, the host is required
to issue an MRS command to program MR23 OP8(FIFO_PTR_RST) to 18, or CATE if CA training
is required to be issued.

When the Read FIFO pointers are reset, the host can assume all modulo FIFO depth commands are satisfied.
A Read FIFO pointer reset invalidates the Read FIFO contents. Subsequently, LDFF or WRTR commands
will be required to reload the Read FIFO.
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5.4.1.3 FIFO Data Training Mode (cont’d)

If a CA parity error happens when CAPAR is enabled, the host is required to follow the sequence in FIGURE
33 to do the FIFO training again.

CAPAR!

CAPARBLK CA Training
on? No - Needed? No
Yes lYes
CATE
(Automatic Sequence) CATE
v v v
CATX CATX FIFO_PTR_RST=1g
(Automatic FIFO Pointer Reset) (Automatic FIFO Pointer Reset) (Manual FIFO Pointer Reset)

A 4

Read FIFOs are Ready for FIFO Training or Read

Figure 33 —FIFO Pointer Reset After CAPAR (Sequence 1)
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5.4.1.4 LFSR Data Training Mode

LFSR (Linear Feedback Shift Register) data training mode enables the host to train the data link using a
PRBS15 or PRBS11 (Pseudo Random Binary Sequence) training pattern. Training may encompass lane-
to-lane phase de-skewing, frame alignment, VREF training and IO equalization value training. LFSR
training mode allows the host to utilize multiple Fibonacci LFSRs for PRBS pattern generation along with
associated LSFR data training mode features such as lane-to-lane pattern shifting, pattern inversion and
pattern masking to further improve link training. Note that LDFF commands are not allowed when MR23

OPO (DT_LFSR) is configured to enable LFSR training mode.

To use LFSR pattern generator with Read or Write training MR23 OPO (DT _LFSR) must be set to 1.
There are three logical DQ groupings. Each group sources a common LFSR for that group. The groups are

split as follows and illustrated in FIGURE 34:
e Group 0: DQ[3:0]
e Group 1: DQ[7:4]
e Group 2: DQ[9:8] and DQE

DQ Group 0 DQ Group 2 DQ Group 1
LFSR(42b) LFSR(42b) LFSR(42b)
42b 42b 42b

PAM3 ENC PAM3 ENC PAM3 ENC

PRBS_Stream1l

PRBS_Stream0
PRBS_Stream2

56b 56b 56b
|
’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) H 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘ ’ 4:1 (Shift) ‘

T T T T T T T T T T T
Invert / Invert / Invert / Invert / Invert / Invert / Invert / Invert / Invert / Invert / Invert /
Mask Mask Mask Mask Mask Mask Mask Mask Mask Mask Mask

N N N N N N N N N N N
I DQJ[3:0] | | DQJ9,8], DQE I I DQ[7:4] I

DQ Group O DQ Group 2 DQ Group 1

Figure 34 — Write Training LFSR DQ Groups

MR23 OP1 (LFSR_TYPE) can be set to configure all Fibonacci LFSRs to generate a PRBS15 or PRBS11
pattern. The following polynomials are supported corresponding to each PRBS type selected via MRS.

e PRBSIS=x"5+x"14+1
e PRBS11=x"1+x"9+1
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5.4.1.4 LFSR Data Training Mode (cont’d)

Whenever MR23 OP1 (LFSR_TYPE) is updated to change the selected polynomial (PRBS15 or PRBS11),

the programmed seed value is no longer valid and must be reprogrammed via MR24 and MR25.

Table 60 — Encoder for CRC, Data Remainder, and LFSR Training

3b2S PAM3 Encoder/Decoder Truth Table
3 Bits Internal Binary Representation 2 Trits
MSB LSB | SIMSB | S1LSB | SOMSB | SOLSB
b2 b1 b0 b3 b2 b1 b0 S1 SO
0 0 0 0 1 0 0 0 -1
0 0 1 0 0 1 1 -1 +1
0 1 0 1 1 0 0 +1 -1
0 1 1 0 1 1 1 +1
Invalid 0 1 0 1 0
1 0 0 0 0 0 0 -1 -1
1 0 1 0 0 0 1 -1
1 1 0 1 1 0 1 +1
1 1 1 1 1 1 1 +1 +1

LFSR generator
bit stream

PRBS Stream

RDTR Burst 0 PAM3 Encoder

PAM3 Symbols

LFSR generator
bit stream

PRBS Stream

RDTR Burst 1 PAM3 Encoder

PAM3 Symbols

LFSR-to-Symbol Mapping

LFSR burst-cycle bit position

‘0|1|2|3‘4|5 ‘ 6|7‘8|9 |10|11‘12|13‘14|15‘16|17|18|19‘20‘21|22‘23|24|25‘26|27|28|29‘30|31‘32|33‘34|35|36|37‘38‘39|40‘41‘

[0 S5 [T w s8]

R T [t [T W [ 48| [T L Vb [T [ [ 788 [ TS 3
basent | Fbasent | [ Fhas en”] [Tozsent | basent || Tozsent | Tozsent |[Bo2s en™ Foasent ]

$hasenc Fhasend™] [ Soas ent™] [ozsenc”|[“Spasenc
I T S SRS e S S S A S S A S
05,15 25,35 45,55 65,75 10s,11s 125,135

85,95 145,155 165,175 185,195 205,215 225,235 245,255 265,275

gl

‘24|25|25|27‘28|29‘30|31‘32|33|34|35‘36|37‘38|39‘40|41|42|43‘44‘45|4E‘47|48|49‘50|51|52|53‘54|55‘56|57‘58|59|60‘61‘62‘63|64‘65‘

b2senc H “3b2s en”éss‘ ‘ “Sb2s en"cm‘ baSenc. ‘ ‘ “Sb2s en ‘ ‘ “Sbasenc H “3h2s en"SSB| Shas enm ‘ “3b2s en"cm‘ ‘“Sabzs enc’ ‘ “Sazbzs enc’ ‘ ‘ “Sb2senc H “Sb2s en"éss‘

S S S S N N I I A S,

0s,1S 25,3s 45,55 65,75 85,95 125,135 145,158 165,175 185,195 205,215 225,235 245,255 265,275

E [ RE

b2S enc

y

105,118

Wis8] (TS
c

Figure 35 — LFSR to 3b2S Encoder Mapping

In FIGURE 35, bit “0” is considered the LSB binary input to the 3b2S encoder and bit “2” is the MSB binary
input to the 3b2S encoder. This ordering is crucial as both the host and DRAM must have matching pattern
generators which include LFSR, 3b2S encoder, pattern shift, pattern masking and pattern inversion
architecture. From burst 0 to burst 1 the LFSR bit stream advances by 24bits. This is because 24bits from
the LFSR pattern generator post 3b2S encoder creates 16 symbols worth of data which is equivalent to one
full burst. The remaining bits [24:41] are lookahead bits used enable up to a 12-symbol pattern shift
selectable per DQ lane. The symbol shift can be programmed per data lane via MR26 OP[1:0].
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5.4.1.4 LFSR Data Training Mode (cont’d)

LFSR Pattern Generator Seeding and Advancement

The LFSR seed values must be programmed by the host prior to data training in LFSR mode in order to
guarantee the host and DRAM LFSR pattern generators are aligned. The LFSR seed values are programmed
via MR24 and MR25. A unique seed value can be programmed for each of the three LFSR generators. The
seed value can be programmed up to 15bits. When the LFSR type is configured to be PRBS15 (via MR23
OP1) the entire 15bits of the programmed seed value are used to seed the LFSR. When the LFSR type is
configured to PRBS11 (via MR23 OP1) only the lower 11bits of the LFSR Seed Bits [14:0] bits will be
used.

The LFSR pattern generator automatically advances upon every RDTR or WRTR command while in LFSR
training mode. READ or WRITE commands are allowed between RDTR and WRTR commands. The LFSR
seed values do not need to be re-programmed when interleaving RDTR, WRTR, READ, and WRITE
commands.

The LFSR seed values are required to be programmed only in the following conditions:

e After initialization, device reset or LFSR type change (MR23 OP1)
o Aspart of the LFSR training reset sequence after a CAPAR error.

Example LFSR training sequence without needing to re-seed the LFSR generators between Read and Write
training:

1) Issue MRS commands to enable LFSR data training mode and configure LFSR type, shift,
inversion, and masking Mode Register values

2) Issue MRS commands to set LFSR seed values in preparation for Read training
3) Issue RDTR commands

4) Read training complete

5) Issue MRS to reset/configure burst error counters

6) Issue WRTR commands

7) Issue RDWTEC command

8) Repeat steps 6 through 7 for desired number of steps. Assumes MR23 OP3 is programmed to
automatic reset after RDWTEC command.

9) Write training complete.
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5.4.1.4 LFSR Data Training Mode (cont’d)
LFSR pattern generated can be inverted or masked per data lane and eye masking can be applied per
channel. Eye masking is applied post pattern inversion (LFSR INV) and pattern masking

(DT_LANE_MASK). Pattern masking is applied post pattern inversion (refer to F/GURE 32).

Table 61 — LFSR Pattern Inversion and Pattern Masking

PAM3 Input MR26 OP2 MR26 OP3 MR23 OP[5:4] PAM3 Output
Symbol (LFSR_INYV) (DT_LANE_MASK) ((DT_EYE_MASK) Symbol
+1 OB OB 00B +1
0 OB OB 00B 0
-1 OB OB 00B -1
+1 1B (0):] 00B -1
0 1B (0):] 00B 0
-1 1B (0):] 00B +1
+1 Don't Care 1B 00B +1
0 Don't Care 1B 00B +1
-1 Don't Care 1B 00B +1
+1 OB OB 0lB +1
0 OB OB 0lB 0
-1 (0):3 (0):3 01B 0
+1 1B OB 0lB 0
0 1B OB 01B 0
-1 1B OB 01B +1
+1 OB OB 10B 0
0 (0):3 (0):3 10B 0
-1 (0):] (0):] 10B -1
+1 1B OB 10B -1
0 1B OB 10B 0
-1 1B OB 108 0
+1 Don't Care 1B 01B +1
0 Don't Care 1B 01B +1
-1 Don't Care 1B 0lB +1
+1 Don't Care 1B 10B 0
0 Don't Care 1B 10B 0
-1 Don't Care 1B 10B 0
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5.4.1.4 LFSR Data Training Mode (cont’d)

If a CA Parity error happens with CAPAR enabled, the host is required to follow the sequence below to do the LFSR
training again.

Complete Sequence 1
(CAPAR!)

v

LFSR_CNT_RST = 1,

v

Reprogram LFSR Seed

y

Ready for LFSR Training

Figure 36 —LFSR Training Reset After CAPAR (Sequence 2)
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5.4.1.5 Example LFSR Implementation

FIGURE 37 is an example of the LFSR configured as a PRBS11 generator with 42b lookahead. Please note
that the data feedback to the LFSR advances the PRBS11 to generate a proper PRBS11 sequence advanced
in 24b increments every burst cycle (2nCK4) the generator is run. The 24bits are encoded through a later
3b2S encoder to generate 16 PAM3 symbols in PAM3 mode. The remaining bits (25 to 42) are pattern
lookahead bits used to shift/decorrelate data lane patterns from each other. The per DQ pattern shift can be
programmed via MR26 OP[1:0] (LFSR_SHIFT SEL). See MODE REGISTERS section for programming
details.

LFSR - PRBS 11 (x"11 + XA9 +1) Pattern Generator
with 42b Lookahead

38 39 40 41

29 % 31 32
27 28
33 34 35
20 Qg é;z 23 % Q@ %ﬁ
18 19

Feedback bit
positions [34:24]

Next Burst
Cycle Seed

JEJE] EJEIEI L

27 28 29 30 31

Figure 37 — Example LFSR PRBS11 Pattern Generator

The remaining LFSR example section is an example of the LFSR configured as a PRBS15 generator with
42b lookahead. Please note that the data feedback to the LFSR advances the PRBS15 to generate a proper
PRBS15 sequence advanced in 24b increments every burst cycle (2nCK4) the generator is run. The 24bits
are encoded through a later 3b2S encoder to generate 16 PAM3 symbols in PAM3 mode. The remaining
bits (25 to 42) are pattern lookahead bits used to shift/decorrelate data lane patterns from each other. The
per DQ pattern shift can be programmed via MR26 OP[1:0] (LFSR_SHIFT SEL). See MODE REGISTERS
section for programming details.
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5.4.1.5 Example LFSR Implementation (cont’d)

LFSR — PRBS 15 (xA15 + X*14 +1) Pattern
Generator with 42b Lookahead

/_ 29 30 31 32 33 34 35 36 37 38 39 40 41
Feedback bit Qﬁ 15@ 16@ 17@ 18@ 19@ zo@ 21@ 22@ za@ 24@ ZSQ 26(__) 27
positions [38:24] 14
28
0 A 1 2 3 4 5 6 7 8 9 10 11 12 13
Next Burst 24 2 26 27 28 29 30 31 2 33 4 5 6 7 8
Cycle Seed 5 3 3 3 3 3 3

Figure 38 — Example LFSR PRBS1S Pattern Generator

Data burst output example for LFSR set to PRBS15
Example load seed values:

e DQ Group 2 = 0x3A73 (15b seed value programmed via MR24 and MR25)
e DQ Group 1 =0x2D17 (15b seed value programmed via MR24 and MR25)
e DQ Group 0 =0x21FF (15b seed value programmed via MR24 and MR25)

Table 62 — Example LFSR PRBS15 Pattern Generator Output (before 3b2S Encoder)

Burst- LFSR output

LFSRDQ| Cycle binary bit

o
-

Group | Number position 14|13 7,6|5|4|3|2|1| 0 |Notes

2 0 [14:0] 0 1 1 1 0 1 0 0 1 1 1 0 0 1 1 Initial MRSSeed=0x3A73

2 0 [29:15] 0 1 o 18 1 0 1/0 0/1 0 1 0

2 0 [41:30] o1 o1 1 1 0 1 1 1 1

2 1 [14:0] ‘n 111 0 1 1 1 1 0 1 0 0 1 nFrom previous cycle bit position [38:24]
2 1 [29:15] 0o 1.0 0 18o o/lo 1 1/1/0/10

2 1 [41:30] o1/ oo 0o 1 0 0 1 1 1

2 2 [14:0] B¥o o 1 0 0o 12 121 0 1 0 o 1 [l rrombpreviouscyclebitposition [38:24]
2 2 [29:15] 1|1fofa2fl2lof2]o]of[2]2|[2]o0]1]0

2 2 [41:30] 1lol2lalalolafololala]2

1 0 [14:0] 0 1 1 1 0/1,0 0 0 1 0|1 1 1 Initial MRSSeed=0x2D17

1 0 [29:15] 0 1 1 1 o1 10 0 1/1/1/0]0

1 0 [41:30] o/1 1o 1 0 1 0 0 1 0

1 1 [14:0] BB o 2 0 1 0 0 2 0 0o 1 1 1 o FWrromoprevious cycle bit position [38:24]
1 1 [29:15] 10111 Wo 12010021

1 1 [41:30] 0 0 0 1{ofafa]afof2]o0

1 2 [14:0] | 1 11 1 0 1 0 1 0 1 1 1 [ From previouscycle bit position [38:24]
1 2 [29:15] 1011 0 0 1 1 1 1 1 1 0 0 0

1 2 [41:30] 01 0 1 0 0 0 0 0 1 0 0

0 0 [14:0] 0 1 0 0 0 1 1 1 1 1 1 1 1 1 Initial MRSSeeds=O0x21FF

0 0 [29:15] 0 11 0 o100 000000

0 0 [41:30] 1.0 0 1.0 0 0 0 0 0 0

0 1 [14:0] | 1 B 0 0 0 0 0 0 0 1 1 0 0 [ From previouscycle bit position [38:24]
0 1 [29:15] 1 0 10 oMo o o0 o0 1 0 10 O

0 1 [41:300 10 offMo 0o o0 11 1 1 0

0 2 (1400 WMo o o 1 1 1 1 0 1 0o 1 o o Mrrom previouscycle bit position [38:24]
0 2 [29:15] oflo[o[o[2flolofo[a[1][a2]2]2]0]0

0 2 [41:30] 01 1.0 0 1 0 0 0 0 1 0
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5.4.1.5 Example LFSR Implementation (cont’d)

The initial seed value loaded into the LFSR is set via MR24 and MR25. See MODE REGISTERS section for
programming details. In PAM3 mode the output pattern generated from the LFSR then goes through a DC
balanced 3b2S PAM3 encoding. See 3b2S encoding table within the PAM 3 section for more details.

TABLE 63 shows an example output of the first three PAM3 encoded bursts for the stated seed value
programmed into DQ group 2 LFSR generator.

Table 63 — Example WRTR QOutput Burt Stream for DQ[9] (DQ Group 2),
where LFSR_SHIFT _SEL = 0x0, LFSR_INV = 0x0, DT_MASK = 0x0

Group 2 MRS Seed =0x3A73, 4:1 LFSR_SHIFT SEL = 0x0, LFSR_INV = 0x0, DT_MASK = 0x0

LFSR
1)]0) Pattern Stream Burst

Group Location Number 15 14 13 6
2 DQ[9] PAD (PAM3) 0 SO | -1 |+ +1|-1] 0 [+1|-1]0|-1|+1|+1]0
0

2 |pQIPAD ®PAM3)| 1 [o [-1 [+ ]H]-1]o [+1]-1
2 |DQIPAD PAM3)| 2 |||+ alalalalal+ ]+ ]+ ]

+
—_
+
[
+
[
1
—_
[l Kell Kall i

After the LFSR pattern streams are PAM3 encoded and eye masking is applied the pattern streams are sent
to their corresponding DQs within each DQ group. Within each DQ lane further pattern manipulation is
possible. On a per DQ basis the LFSR pattern can be shifted (MR26 OP[1:0] - LFSR SHIFT SEL),
inverted (MR26 OP2 - LFSR INV), and masked (MR26 OP3 - DT LANE MASK). See MR26 for
programming details and usage.

TABLE 64 shows example PAM3 encoded data training pattern output for various lane pattern
configurations.

Table 64 — Example WRTR Output Burst Stream for Single Burst from DQE and DQJ9:0]

PRBS Group 0 Seed = 0x21FF, Group 1 Seed = 0x2D17, Group 2 Seed = 0x3A73

(41:0) ol1fofofafafafofr|a]|afafofafojofr|1|r]|o]jr|ofofafofr|ojofr|r|1]ofafofofr|1|1][ofof1]1

LFSR output 0

2 PAM3 Encoded (Bin) o] s [1]a]olofola]a]afofololafala]a]a]ala]olofola]a]a]olo]ola]olo]ala]a]a]olofola]a]a]olo]ola]olo]ala]a]a]ola]ola]a]s

2 PAM3 Encoded (Trit) ofsisol | +1 | 4 o | wm | 1 [ N I = O ! o | wm | 1 [ a4 | x| a | o | wm | 1 [ O e U s [ o |+
2 Post eye mask = 0x00 o| (50 [1]1]ofojof1]|1|a1|ofofofsfa]a|{1]|a][a]|a|ofofofs|[1|1]ofo]o|a|ofofsf1|1]1]{o]ofo|a|af1fofofof1]ofoa|a|a|afof1]o|1][1]1
2 DQE post FIFO 4 o | o o] Buo olofof1fojof1]|af[1]|1|ofofofa[s|1]ofo]o|1]|ojofafafr]1]o]a][o]1]|a]1
2 DQ[9] post FIFO 2 o | o |o] Buo olofofafsjafafafa]|ajofofofsfsf1]ofofojajojofafafr]1]ofofo]a|a]1
2 DQ8] post FIFO [ i{1]ojojofafafrfofofofafa|afafafafr]ofofof1]|a|a1|olofof1]ofof1]1
LFSR output 0 1lofof1f1]1f{o]af1]|1|ofofaf1[1]o]ofofa|o|a|afof1fo]ofof1][o]a|a]1
PAM3 Encoded (Bin) 0 1]1fof1fof1|1]|a]{o]oofofaf1fofo|a[1]|o|1]|ojofofof1]1]ofofr]|1|a]1

PAM3 Encoded (Trit) 0 1 [ o | #w | a1 |wxa|a|wa [ O I U A U W I O It
Post eye mask = 0x00 0 i{1]ojajofafaf1fo]ofofofa|ajofof1f1]of1]|ofo]ojojal1fofofr|af[1]a
1 DQ(7] post FIFO 3 o | o o] Bro olaf1f1fojofs]|af[1]|1|ofofaf1fofo]of1]|1|1]|ojofofaf1]1]of1]o]a|a]1
1 DQJ6] post FIFO 2 o | o o] Buo 1]a1fofof1]1]{ofofo]|1|a|afofofofs]a|[1]|o|1]|o|afaf1fo]ofo]of[1]|1]|0]0
1 Q5] post FIFO 0 of1faf1fojofofafr]|a|ofafofsfsfs]ofofojojajafofof1]1]o]|1]|o]o]ofo
1 DQ4] post FIFO 0 i{1]ojajofafaf1fo]ofofofa|ajofof1f1]of1]ofofojojalafofofr|af1]a
[ LFSR output 0 olofof1[1]ofo]of1]|o|ofofofofofo]ofof1|ojojofofafr]af1]af[1]aa]n
0 0 olofofofo|1]ofofo]1|ofofaf1fofojof1]ojojajafafafafafa]afa]a]a]n

[ PAM3 Encoded (Trit) 0 1| [ 1 [ 4| s | [ N U N U I W IR U e U
[ Post eye mask = 0x00 [ olofofofof1fofofo1|ofofaf1fofofof1]ojojajafafafafafafafa]ajala
[ DQJ3] post FIFO 0 olofofofo|1]ofofo]1|ofofaf1fofo]of1]ojojajafafafr]afa]afa]aa]a
0 DQJ2] post FIFO [ 1| o |o] B1o 1fafafafofaf1]|afo]a|afafofof1|1]of1]|1]|1]|o0|ofofofo]o|o]|ofo]|o]o]0
[ DQ[1] post FIFO 0 o | 1 o] Buog afafafafafafafafaafafafafafafafafa]afafafafafafafafa]afa]afa]a
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Example Verilog code for a LFSR generator (PRBS15 and PRBS11) with pattern shift, inversion, and

masking logic:

module g7_prbs_lookahead(input clk, input reset, input advance, input [14:0] seed, input prbs_mode, output [55:0] symbols);

wire [41:0] bitstream;

reg [14:0] current_seed;

wire [41:0] prbs15_bitstream;
wire [13:0] prbs15_28_15;
wire [12:0] prbs15_41_29;
wire [41:0] prbsl1_bitstream;
wire [8:0] prbs11_19_11;
wire [8:0] prbs11_28_20;
wire [8:0] prbs11_37_29;
wire [3:0] prbs11_41_38;

always @(posedge clk) begin
if (reset) begin

current_seed[14:0] <= seed[14:0];

end

else if (advance) begin
current_seed[14:0] <= bitstream[38:24];

end
else begin

current_seed[14:0] <= current_seed[14:0];

end
end

assign bitstream = prbs_mode ? prbs11_bitstream : prbs15_bitstream;

assign prbs15_bitstream[41:0] = {prbs15_41_29, prbs15_28_15, current_seed[14:0]};

assign prbs15_28_15[13:0] = {prbs15_bitstream[14]"prbsl5_bitstream[13],

prbs15_bitstream[13]*prbs15_bitstream[12],
prbs15_bitstream[12]*prbs15_bitstream[11],
prbs15_bitstream[11]*prbs15_bitstream[10],
prbs15_bitstream[10]*prbs15_bitstream[9],
prbs15_bitstream[9]"prbs15_bitstream[8],
prbs15_bitstream[8]"prbs15_bitstream[7],
prbs15_bitstream[7]"prbs15_bitstream[6],
prbs15_bitstream[6]"prbs15_bitstream[5],
prbs15_bitstream[5]"prbs15_bitstream[4],
prbs15_bitstream[4]"prbs15_bitstream[3],
prbs15_bitstream[3]"prbs15_bitstream[2],
prbs15_bitstream[2]"prbs15_bitstream[1],
prbs15_bitstream[1]*prbs15_bitstream[0]};

assign prbs15_41 29[12:0] = {prbs15_bitstream[27]"prbsl5_bitstream[26],

prbs15_bitstream[26] prbs15_bitstream[25],
prbs15_bitstream[25] prbs15_bitstream[24],
prbs15_bitstream[24] prbs15_bitstream[23],
prbs15_bitstream[23] prbs15_bitstream[22],
prbs15_bitstream[22] prbs15_bitstream[21],
prbs15_bitstream[21] prbs15_bitstream[20],
prbs15_bitstream[20] prbs15_bitstream[19]
prbs15_bitstream[19] prbs15_bitstream[18],
prbs15_bitstream[18] prbs15_bitstream[17],
prbs15_bitstream[17] prbs15_bitstream[16],
prbs15_bitstream[16] prbs15_bitstream[15]
prbs15_bitstream[15] prbs15_bitstream[14]

7

1
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5.4.1.5 Example LFSR Implementation (cont’d)

assign prbs11_bitstream[41:0] = {prbs11_41_38, prbs11_37_29, prbs11_28_20, prbs11_19_11, current_seed[10:0]};

assign prbs11_19_11[8:0] = {prbs11_bitstream[10]"prbsl1_bitstream[8],
prbsll_bitstream[9]"prbs11_bitstream[7],
prbsll_bitstream[8]"prbs11_bitstream[6],
prbsl1_bitstream[7]"prbs11_bitstream[5],
prbsll_bitstream[6]"prbs11_bitstream[4],
prbsl1_bitstream[5]"prbs11_bitstream[3],
prbsl1_bitstream[4]*prbs11_bitstream[2],
prbsl1_bitstream[3]"prbs11_bitstream[1],
prbsl1_bitstream[2]*prbs11_bitstream[0]};

assign prbs11_28_20[8:0] = {prbs11_bitstream[19]"prbsl1_bitstream[17],
prbsll_bitstream[18] prbs11_bitstream[16],
prbsll_bitstream[17] prbs11_bitstream[15],
prbsll_bitstream[16] prbs11_bitstream[14],
prbs11_bitstream[15]*prbsl1_bitstream[13],
prbs11_bitstream[14]*prbsl1_bitstream[12],
prbs11_bitstream[13]*prbsl1_bitstream[11],
prbs11_bitstream[12]*prbs11_bitstream[10],
prbsl1_bitstream[11] prbs11_bitstream[9]};

assign prbs11_37_29[8:0] = {prbs11_bitstream[28]"prbsl1_bitstream[26],
prbsl1_bitstream[27] prbs11_bitstream[25
prbsl1_bitstream[26] prbs11_bitstream[24
prbsl1_bitstream[25] prbs11_bitstream[23
prbsl1_bitstream[24] prbs11_bitstream[22
prbsl1_bitstream[23] prbs11_bitstream[21
prbsl1_bitstream[22] prbs11_bitstream[20
prbsl1_bitstream[21] prbs11_bitstream[19
prbsl1_bitstream[20] prbs11_bitstream[18

assign prbs11_41_38[3:0] = {prbs11_bitstream[32]"prbsl1_bitstream[30],
prbsl1_bitstream[31] prbs11_bitstream[29],
prbsl1_bitstream[30] prbs11_bitstream[28],
prbsl1_bitstream[29] prbs11_bitstream[27]};

7

7

7

7

7

7

o i

1

genvar i;

generate
for (i=0;i<14;i=i+1) begin

g7_3b2s_enc enc (.binary_data(bitstream[(2+(i*3)) : (i*3)]),
.binary_symbols(symbols[(3+(i*4)) : (i*4)]));

end

endgenerate

endmodule

module g7_3b2s_enc(input [2:0] binary_data, output [3:0] binary_symbols);
assign binary_symbols = (binary_data == 3'b000) ? 4'b0100:// 0, -1
(binary_data == 3'b001) ? 4'b0011://-1, 1
(binary_data == 3'b010) ? 4'b1100:// 1,-1
(binary_data==3'b011) ? 4'b0111:// 0, 1
(binary_data == 3'b100) ? 4'b0000 : // -1, -1
(binary_data == 3'b101) ? 4'b0001://-1, 0
(binary_data==3'b110) ? 4'b1101:// 1, 0
4'b1111L; // 1, 1
endmodule

module g7_eye_mask(input [1:0] dt_eye_mask, input [1:0] raw_symbol, output [1:0] masked_symbol);
assign masked_symbol[1:0] = {raw_symbol[1] & ~dt_eye_mask[1], raw_symbol[0] | dt_eye_mask[0]};
endmodule

module g7_lane_mask(input dt_mask, input [1:0] raw_symbol, output [1:0] masked_symbol);
assign masked_symbol[1:0] = {raw_symbol[1] | dt_mask, raw_symbol[0] | dt_mask};
endmodule
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5.4.1.5 Example LFSR Implementation (cont’d)

module g7_symbol_invert(input Ifsr_inv, input [1:0] raw_symbol, output [1:0] inverted_symbol);
assign inverted_symbol = (~Ifsr_inv || (raw_symbol ==2'b01)) ? raw_symbol : ~raw_symbol;
endmodule
module g7_data_lane(input [55:0] Ifsr_symbols, input [1:0] dt_symbol_offset, input dt_symbol_invert, input dt_lane_mask,
input [1:0] dt_eye_mask, output [31:0] burst_symbols);
wire [31:0] selected_symbols;
wire [31:0] inverted_symbols;
wire [31:0] lane_masked_symbols;
assign selected_symbols = (dt_symbol_offset == 2'b00) ? lfsr_symbols[31:0] :
(dt_symbol_offset ==2'b01) ? Ifsr_symbols[39:8] :
(dt_symbol_offset == 2'b10) ? Ifsr_symbols[47:16] :
Ifsr_symbols[55:24];
genvar i;
generate
for (i=0;i<16;i=i+1) begin
g7_symbol_invert invert (lfsr_inv(dt_symbol_invert),
.raw_symbol(selected_symbols[(1+(i*2)):(i*2)]),
.inverted_symbol(inverted_symbols[(1+(i*2)):(i*2)]));
g7_lane_mask lane_mask (.dt_mask(dt_lane_mask),
.raw_symbol(inverted_symbols[(1+(i*2)):(i*2)]),
.masked_symbol(lane_masked_symbols[(1+(i*2)):(i*2)]));
g7_eye_mask eye_mask (.dt_eye_mask(dt_eye_mask),
raw_symbol(lane_masked_symbols[(1+(i*2)):(i*2)]),
.masked_symbol(burst_symbols[(1+(1*2)):(i*2)]));
end
endgenerate
endmodule

module g7_data_groupO(input clk, input reset, input advance, input [14:0] seed, input prbs_mode, input [1:0] dt_eye_mask,
input dq0_dt_lane_mask, input dq0_dt_symbol_invert, input [1:0] dq0_symbol_offset,

:0] dq1_symbol_offset,

:0] dq2_symbol_offset,

:0] dq3_symbol_offset,

input dql_dt_lane_mask, input dql_dt_symbol_invert, input
input dq2_dt_lane_mask, input dq2_dt_symbol_invert, input

I g

[
[
[
input dq3_dt_lane_mask, input dq3_dt_symbol_invert, input [
output [31:0] dq0_burst, output [31:0] dql_burst,
output [31:0] dq2_burst, output [31:0] dq3_burst);
wire [55:0] Ifsr_symbols;

g7_prbs_lookahead Ifsr (.clk(clk), .reset(reset), .advance(advance),
.seed(seed), .prbs_mode(prbs_mode), .symbols(lfsr_symbols));

g7_data_lane lane0 (.Ifsr_symbols(lfsr_symbols), .dt_symbol_offset(dq0_symbol_offset),
.dt_symbol_invert(dq0_dt_symbol_invert), .dt_lane_mask(dq0_dt_lane_mask),
.dt_eye_mask(dt_eye_mask), .burst_symbols(dq0_burst));

g7_data_lane lanel (Ifsr_symbols(lfsr_symbols), .dt_symbol_offset(dql_symbol_offset),
.dt_symbol_invert(dql_dt_symbol_invert), .dt_lane_mask(dql_dt_lane_mask),
.dt_eye_mask(dt_eye_mask), .burst_symbols(dql_burst));

g7_data_lane lane2 (.Ifsr_symbols(lfsr_symbols), .dt_symbol_offset(dq2_symbol_offset),
.dt_symbol_invert(dq2_dt_symbol_invert), .dt_lane_mask(dq2_dt_lane_mask),
.dt_eye_mask(dt_eye_mask), .burst_symbols(dq2_burst));

g7_data_lane lane3 (.1fsr_symbols(lfsr_symbols), .dt_symbol_offset(dq3_symbol_offset),
.dt_symbol_invert(dq3_dt_symbol_invert), .dt_lane_mask(dq3_dt_lane_mask),
.dt_eye_mask(dt_eye_mask), .burst_symbols(dq3_burst));

endmodule
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5.4.1.6 Data Training in NRZ Mode

In NRZ mode both FIFO data training and LFSR data training modes are supported for DQ[7:0] and DQE.
DQJ9:8] signals will remain disabled in a high-z state. Additionally, when MRS5S OP10 (DQE HZ) is
programmed to high-z, the DQE signal will remain in high-z state during data training.

LFSR data training mode is supported in NRZ mode. In NRZ mode when MR23 OP0O (DT _LFSR) is set to
15 to allow data training using the LFSR, the pattern generated and compared is equivalent to the binary
representation of a pattern generated in PAM3 mode with equivalent seed, shift, inversion, and mask
settings. That is, in NRZ mode each RDTR and WRTR 32-bit burst pattern is equivalent to the 32-bit pattern
(16-symbol) generated in PAM3 mode which is PAM3 encoded using the 3b2S encoding as show in 74BLE
60. See sections LFSR DATA TRAINING MODE and EXAMPLE LFSR IMPLEMENTATION for further details.
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1. FIFO depth is vendor specific. A FIFO depth of 8 shown for illustration purposes.
2. NRZ mode shown.

Figure 39 — NRZ Mode Data Paths Used for Read and Write Trainings

When performing data training in FIFO mode, if the host switches between PAM3 and NRZ mode, any
content within the DRAM Read FIFO is not guaranteed to be maintained.
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5.4.2 Read Training

5.4.2.1 Overview
Read training allows the host to find the data-eye optimal position (symbol training) and burst frame
location (frame training) for each high-speed output of the device. Each signal (DQE and DQ[9:0]) can be
individually trained during this sequence.
For Read Training the following conditions must be satisfied prior to training:
e DRAM must be in one of the following three states with satisfied condition as stated:
o Bank Active
o REFab with TR flag set to H
o Self-refresh with TR flag set to H

o In Self-refresh following an exit from Self-refresh-sleep

The following commands are associated with Read Training:

e LDFF to preload the Read FIFO

o RDTR to read a burst of data directly out of the Read FIFO

e RDTR to read a burst of data directly out of the Read FIFO

e RDTR with LFSR mode enabled to read a burst of data from the LFSR pattern generator.
Neither LDFF nor RDTR access the memory core. No MRS is required to enter Read Training. However,
MR23 OPO (DT _LFSR) must be set to properly enter the desired data training mode.

FIGURE 40 shows an example of the internal data paths used with LDFF and RDTR. T4BLE 59 lists AC
timing parameters associated with Read Training.
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5.4.2.1 Overview (cont’d)
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Figure 40 — Data Paths used for Read Training

54.2.2 LDFF Command

The LDFF command (FIGURE 41) is used to securely load data to the device’s Read FIFOs via the CA bus.
The READ FIFO has a vendor specific depth. For this example, a FIFO depth of 8 will be referenced (32b
x 8 =256b depth. i.e., 128 symbol depth). The LDFF command enables a unique bit pattern load for every

DQ, DQE signal within the channel.

Thirty-two LDFF commands are required to fill one FIFO stage. Each LDFF command loads one burst bit
position, and B[4:0] conveyed on CA[2:0] select the burst position from 0 to 31. In PAM3 mode, two LDFF
commands are required for every symbol. In PAM3 mode a “10” is an invalid state which has no defined

symbol representation and must be avoided.

The data pattern D[10:0] for DQE and DQ[9:0] is conveyed on CA[2:0] as shown in FIGURE 42.
LDFF loads the DQE and DQ[9:0] FIFO regardless of being in PAM3 or NRZ mode. It also loads the DQE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

LEGEND

h Data path used with RDTR in FIFO mode
== D22 path used with ROTR in LFSR mode

h Data path used with LDFF

FIFO regardless of the WRCRC and RDCRC Mode Register bits, and no CRC is calculated.
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5.4.2.2 LDFF Command (cont’d)
CK4 (int) ¢ 1Y
WCK_t \ ~———— v —
WCK_c N A A/ PN A A A
cao Y 1T XY 1 XX B2 XX BO D9 D6 XX D3 XX Do X_
ca1 _XcaBX O\ AX B3 XX B1 XXcaBX X b7 XX D4 XX D1 X
caz T X0 A XX XX 1o)X Cos XX 05 XX o2 X
NOTES:
1. In NRZ mode, D8 and D9 LDFF commands inputs are a don’t care.
Figure 41 — LDFF Command
LDFF Command
B N S i -
CK4 CA-to-DQ Mapping 1 FIFO STAGE = 1 BURST
WCK L A L LDEFaf;\AD Logical DQ 01234567 8 9101112. i
cro [N ez | w0 [ 05 | o6 | 03 | 00 |
cAl  [cas [INENY B3 [ B1 [cCABI[ D7 | D4 | D1 | -—) DpQ1
ch: [N e | v [0 ] o8 [ 05 [ 0z ] B
D4 DQ4 L
L
L
Burst Bit Position
0[1|2|3[4([5[6]|7]8]|9]10]11]12 i
BO of1(0f|1f(0f1|0|21({0|1|0f1 |0 i
B1 ofof1j1(of0f1|1f0|0Of1f1 |0 1
B2 olofofof|1]|a[2|2|ofofofo]|2] I
B3 ofo|o|ofofOfO|Of1)1 (121 |1 1 1]
B4 ofo|ofofofofo|ofOjO0jOfO]|O 11

NOTES:
1. In NRZ mode, D8 and D9 LDFF commands inputs are a don’t care.

Figure 42 — LDFF Command Address to DQE and DQ[9:0] Mapping

All bursts bit positions (0 to 31) must be loaded. LDFF commands to burst 0 to 30 may be issued in random
order. The LDFF command to burst 31 (LDFF31) must be the last of 32 consecutive LDFF commands, as
it effectively loads the data into the FIFO and results in a FIFO pointer increment. Consecutive LDFF
commands must be spaced by at least tLTLTR.



JEDEC Standard No. 239D
Page 106

5.4.2.2 LDFF Command (cont’d)

LDFF pattern may efficiently be replicated to the next FIFO stages by issuing consecutive LDFF commands
to burst 31 (with identical data pattern). The data pattern in the scratch memory for LDFF will be available
until the first RDTR command.

The DQ/DQE output buffers remain in ODT state during LDFF.

An amount of LDFF commands to burst 31 greater than the FIFO depth is allowed and shall result in a
looping of the FIFO’s data input.

Only LDFF, ACT, REFab (TR=H), REFpb, PREab, PREpb, and MRS to MR[26:24, MR23 OP[11:1],
MR[21:16, 7:6], MRS OP[8:0] are allowed between LDFF commands until the total number of LDFF
commands to burst 31 is equal to modulo FIFO depth. If this condition is violated the Read FIFO pointers
may need to be reset.

In PAM3 mode, one symbol is represented by two bits of data per DQ. The two bits correspond to the
symbol mapping as shown in TABLE 65.

Table 65 — Binary to PAM3 Symbol Mapping

Binary PAMS3
MSB | LSB Symbol
1 1 +1
1 0 INVALID

0 1 0
0 0 1

A “10” binary representation of a symbol is invalid in PAM3 mode. In PAM3 mode, if a “10” is
programmed during LDFF command sequences, it will have no predetermined symbol mapping. As such
when the hosts issues RDTR command with a “10” symbol loaded into the Read FIFO the DRAM output
symbol for that PAM3 symbol position will not be determined.

54.2.3 RDTR Command

A RDTR burst is initiated with a RDTR command as shown in F7GURE 43. No bank or column addresses
are used as the data is read from the internal READ FIFO or LFSR pattern generator, not the array. The
length of the burst initiated with a RDTR command is 32bits (sixteen symbols in PAM3 mode). There is
no interruption nor truncation of RDTR bursts.

CK4 (int.) A |

ffffffffffffffffffffff

/ \ 7
,,,,,,,,,,,,,,,,,

C[;3:>/__\O\ m XV XX VXX
\<:>/ \O< V >O<CA1""AR>O< V X}( V X:X V X:XCAI:’A%

Figure 43 — RDTR Command

h

\ h
,,,,,

A RDTR command may only be issued when a bank is open, or a refresh is in progress with TR flag set to
H or in self-refresh with TR flag set to H.
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5.4.2.3 RDTR Command (cont’d)

Upon completion of a burst, assuming no other RDTR command has been initiated, all DQs and DQE will
drive a value of ‘1’ and the ODT will be enabled at a maximum of tODT _on time later. The drive value
and termination value may be different due to separately defined calibration offsets. If the ODT is disabled,
the signals will drive High-Z.

Data from any RDTR burst may be concatenated with data from a subsequent RDTR command. A
continuous flow of data can be maintained. The first data element from the new burst follows the last
element of a completed burst. The new RDTR command should be issued after the first RDTR command
according to the tCCD timing.

During RDTR bursts, the first valid data-out element will be available after the Read latency (RL). RDTR
valid data on DQE is issued concurrently with DQ[9:0] as DQERL does not apply.

A WRTR can be issued any time after a RDTR command as long as the bus turnaround time tRTRWR is
met.

CcKa4
(int)

WCK

7 7 ] ]
Column Command I\ \/RDT\/R‘—\I_\I_\/\:K—\ ) ,_\%\T/R_:\ /A
CA4:3] <J\ S R e e T

RL=4

i
CNOJ

CNOP CNOP
(i i} (s il (i iy

Row Command AT AT NTALT NrArT EREAEPYun] ARy e A AT A Y st Y are Vet YoV
$ Valid Valid Valid Valid Valid Valid Valid Vaiid Valid Valid Valid Valid
CA[2:0] (S ) [ ) S [ iy A - S " | " " "y (W ] [ ] [ "] (N2 v
i i i i i
i >< _ \/ >< _ \/ >< _ i >< _/ \/ X _/

tcCD =2 L =4

i i
CNOP X CNOP CNOP CNOP
A el NN NN NN

“ T Tl e Tt T e e
DQE:0] © a Som . S15m CERRRA o Stsn CXEXEX:)
. I i T ORI R
T T T T
i i i i
" T VooV Vo VT Vo T T VoV Vi Vo Vi V¥
DQE °© = DQEOm ... DQE15 m GG, - E’ DQEON ... DQE15n =]
B C {0 o1 LI Y
CAPARZERR =3
CAPARZERR =3
APARZERR =
+1 +1 +1 +
ERR
| | | | | |
i i i i i i

1. RL =4 is shown for illustration purposes. Actual supported values will be found in the MODE REGISTERS and AC TIMINGS sections.

2. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

3. No error (+1) for the RDTR command is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL section
for more details.

4. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3 nCK4 digital and
0 ns analog output delay.

Figure 44 — Gapless Read Training Commands
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’
5.4.2.3 RDTR Command (cont’d)
0 1 T2 3 T4 8 9 T10 ™ T2 15 T6 7 T18
|
|
Ir= I Ir=
cka(inty f ! i ; ; i i
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
! MYV Yy Yy Y YOV Yy ey r‘ MYy Y Y r‘ Hala®al Y r‘ YOV Y r‘ Y r‘ NaaW e aWaWaW r‘ i
WCK
| | \ \ | |
| | | |
MM
Row COmma”d Cvalld x Valld Valld Vilia Vai x Vahd Vahd Vaid Vi Valld Valld Valld Valld Valid ValldCX:)
I A S : x :
| |
r-\r—\r—\r‘\r—\f—\ Imlm! Inlm! Il l—\l—\l—\r"\f—\l—\
Column Command RDTR m Valid Valid Val Valld WRTR n Valld Valld VaIld \/alld Valld Valld Valld
CA[4:3] Huuuc oo o Ao (] O LA
| | | | | | | | \
RCK
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| = pRe=7 } ol | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | WR =9 | | | | | I wL=5 | | | W |
| < \lH RIVR f f f f > f f L=o f f > f RERC th\e f
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
+1 L L L L L Il | Il L L L L Il I} Il L
| | | | | LALARAARLY | | | | LAAAAAARAS |
DQ[9:0] © | | | | Som..S15m = | | | | -l son..st5n |
I I | | [ ) | | [ [ ) I
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
“ T T T T T LALAARAARAL] T T T T LARAARARRALI T
DQE 0 i | | i -l pQE0 m ... DQE15 m|[~|-] | | | | DQEO N ... DQE15 n [-]-] |
4 | | | | “Knnnnn“nnnnxu | | | | “xnnnn”nnnnn“} |
| | \ | | | | | | | | | | | | |
} CAPARZERR 2 ! | | | | CAPAR2ERR=2 ! | | ! ! ! ! !
| | | | | | | | | | | | | | |
| CAPAR2ERR = 2 | | | | | CAPAR2ERR = 2 | | | | | | |
<—> e
| | | | | I I | | | | | | |
" 1 L S L B! 1 1 1 L B L B! 1 1 1 1 1
ERR o .| I I I I I I I I I I I I I I I
4 | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
NOTES:
1. RL=7,tRTRWR =9, and WL =5 are shown as examples for illustration purposes. Actual supported values will be found in the MODE
REGISTERS and AC TIMINGS sections.
2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met. If the Write is to a different bank,
then an Activate (ACT) command is required to be issued before the Write and tRCDWR must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA, tWCK2DQI and tWCK2DQO = 0 are
shown for illustration purposes.
4. No error (+1) for the RDTR and WRTR commands are shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR)
PROTOCOL section for more details.
5. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2 nCK4 digital and
0 ns analog output delay.
6. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the READ CLOCK (RCK) section for details on the

RCK options, timings and toggle modes.

Figure 45 — RDTR to WRTR Command

5.4.2.4 FIFO Enabled RDTR

The total number of LDFF commands to burst 31 plus the total number of WRTR commands modulo FIFO
depth must be equal to the total number of RDTR commands modulo FIFO depth. That is, the condition
shown in Equation 1 must be satisfied. If this condition is violated the Read FIFO pointers may need to be

reset.

An amount of RDTR commands greater than the FIFO depth is allowed and shall result in a looping of the

FIFO’s data output.

After loading the Read FIFO via LDFF or WRTR commands its contents are invalidated if any commands
are issued other than LDFF, RDTR, WRTR, NOP, RCKSTRT, RCKSTOP, PREab, PREpb, REFpb, REFab
(TR=H), RFMpb, RFMab, and MRS to MR[26:24], MR23 OP[11:1], MR[21:16, 7:6], MRS OP[8:0].
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5.4.2.5 LFSR Enabled RDTR

As a response to high data rates and PAM3 signaling of GDDR7 the LFSR data training mode has been
introduced. For Read training LFSR data training mode is intended to bring the following intended benefits:

e reduce training error
o increase training pattern complexity
o lane training pattern decorrelation

e reduce training time

o eliminates need to load Read FIFO with data during Read training

The following new key features are introduced to support LFSR Read training:
o three DQ groups with associated independent LFSR pattern generators (one for each group)
e LFSR pattern generators supporting PRBS15 or PRBS11 and lookahead symbol generation
e PAM3 3b2S encoder (PAM3 mode and NRZ)
e cye level masking
o per lane (DQE and DQ[9:0]) pattern symbol shift (0, 4, 8, or 12 symbols)
e per lane (DQE and DQ[9:0]) pattern mask and pattern inversion

In contrast to Read training in FIFO mode, Read training in LFSR mode is intended to allow the host to
issue RDTR commands without the overhead of preloading the Read FIFO with data patterns. There is no
effectiveness in using LDFF commands to preload a data pattern as RDTR with LFSR enabled will generate
data patterns sourcing LFSR pattern generators. In contrast to FIFO mode, for data training in LFSR mode
WRITE and READ commands are allowed between RDTR commands without needing to re-load LFSR
seed values.

Typical LFSR Enabled Read Training Sequence:

e issue MRS (MR23 and MR24) commands to set LFSR type (PRBS15 or PRBS11) load LFSR
seed values for each LFSR

e issue desired number of RDTR commands

As detailed in the data training common feature section a per DQ LFSR shift, LFSR inversion, and data
training masking can be applied. See D474 TRAINING COMMON FEATURES section for details.
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5.4.3 Write Training

5.4.3.1 Overview

Write training enables the host to train DQE and DQ[9:0] and to independently optimize eye margin for
each data lane. The host may independently optimize DQ voltage reference levels and equalization settings.

For Write Training, the following conditions must be satisfied prior to training:

e DRAM must be in one of the following three states with satisfied condition as stated:

O

O

O

O

Bank Active
REFab with TR flag set to H
Self-refresh with TR flag set to H

In Self-refresh following an exit from Self-refresh-sleep

The following commands are associated with Write Training:

o  WRTR with FIFO mode enabled to write a burst of data directly into the Read FIFO

o  WRTR with LFSR mode enabled to write a burst of data for comparison against a pre-configured

pattern generator and results stored in a burst error counter

e RDTR to read a burst of data directly out of the Read FIFO

o RDWTEC to read a burst of burst error counter data (corresponding to LFSR training)

Neither WRTR nor RDTR access the memory core. No MRS is required to enter Write Training. However,
MRS commands are recommended to ensure LFSR type trainings are properly initialed to synchronize
expect data within the DRAM with pattern data issue by the host.

FIGURE 49 shows an example of the internal data paths used with WRTR and RDTR. FIGURE 47 shows a
typical Write training command sequence using WRTR and RDTR. 74BLE 59 lists AC timing parameters
associated with WRITE Training.
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5.4.3.2 WRTR Command

A WRTR burst is initiated with a WRTR command as shown in FIGURE 46. No bank or column addresses
are used as the data is either written to the internal READ FIFO or compared against a LFRS expect pattern
(depending on MR setting) and is not written to the array. The length of the burst initiated with a WRTR
command is 32bits (sixteen symbols in PAM3 mode). There is no interruption nor truncation of WRTR
bursts.

***********************************************

XX NN XXX
XX RVEDIE DI
CA4 :y__\(}\ ,<:X V >O<CA1;AR>O< V X}( V X:X V >O<CA‘PA1X:

Figure 46 — WRTR Command

CK4 (int.)

A WRTR command may only be issued when a bank is open or a refresh is in progress with TR flag set or
in self-refresh with TR flag set to H.

PAM3 operating mode (MRO OP8) must be enabled to write DQ[9:8] with the WRTR command. In contrast
to a normal WRITE, no WRCRC is calculated and checked by the WRTR command, and no WRCRC error
can be generated. However, the ERR signals will drive CAPAR error information normally as configured.

During WRTR bursts, the first valid data-in element must be available at the input latch after the Write
Latency (WL). The Write Latency for WRTR is the same as for WRITE.

Upon completion of a burst, assuming no other WRTR data is expected on the bus, the DQs and DQE will
be driven according to the ODT state. Any additional input data will be ignored.

Data from any WRTR burst may be concatenated with data from a subsequent WRTR command. A
continuous flow of data can be maintained. The first data element from the new burst follows the last
element of a completed burst. The new WRTR command should be issued after the previous WRTR
command according to the tCCD timing.

An RDTR command can be issued any time after a WRTR command if the internal bus turnaround time
tWTRTR is met.
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5.4.3.2 WRTR Command (cont’d)
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Column Command

RL =20, tWTRTR = 11, WL = 7 are shown as examples for illustration purposes. Actual supported values will be found in the MoDE
REGISTERS and AC TIMINGS sections.

Write Latency = WL * tCK4 + tWCK2DQI. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA, tWCK2DQI, tWCK2DQO = 0 are
shown for illustration purposes.

No error (+1) for the RDTR and WRTR commands is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR)
PROTOCOL section for more details.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2 nCK4 digital and

0 ns analog output delay.

Figure 47 — WRTR to RDTR Command

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12
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CAPARZERR =3 N
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CAPARZERR = 3

CAPAR2ERR =3

+1 +1 +1 +1

ERR o

NOTES:

1.
2.
3.

WL =4 is shown for illustration purposes. Actual supported values will be found in the MODE REGISTERS and AC TIMINGS sections.
Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

No error (+1) for the WRTR command is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL section
for more details.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3 nCK4 digital and

0 ns analog output delay.

Figure 48 — Gapless Write Training Commands
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5.4.3.2 WRTR Command (cont’d)

24b

CRC
PAM3
Decoder

1b
Error,

—

1b
PSN
DPAN: 256b 256b
ecoder Descramble
2b

PSN/SEV
&
| 256b

CRC
Check

28b
352b 328

Captured
data

DRAM
CORE

PAM3
Encoder

¥

CRC Gen

¢
256b

WRTR Burst Comparators Scramble
and Burst Error Counters

(per DQ lane)

Burst error result

DQ[9:0]
DQE

28b

DQJ9:0] FIFO: (8x10x32) bits
Bits = (FIFO DEPTH x DQ’s x 32)

DQ[9:0] FIFO |

s
01)2]

Expect

352b

DQ Group 0
DQ[3:0]

LFSR

CAT Feedback

HEERE Y

Output
pointer

DQ Group 1
DQ[7:4]

LFSR

DQ Group 2
DQ[9:8],DQE

LFSR

DQE FIFO: (8x1x32) bits

32b

e
=||
[ saro J

LEGEND

h Data path used with WRTR in FIFO mode
_ Data path used with WRTR in LFSR mode
Data path used with RDWTEC

CAl4:0] X}

NOTES:
1. FIFO depth is vendor specific. A FIFO depth of 8 shown for illustration purposes.
2. PAM3 mode shown.

Figure 49 — Data Paths used for Write Training

5.4.3.3 FIFO Enabled WRTR

The total number of LDFF commands to burst 31 plus the total number of WRTR commands modulo FIFO
depth must be equal to the total number of RDTR commands modulo FIFO depth. That is, the condition
show in Equation 1 must be satisfied. If this condition is violated the Read FIFO pointers may need to be
reset.

An amount of WRTR commands equal to the FIFO depth is required to fully load the FIFO.

An amount of WRTR commands greater than the FIFO depth is allowed and shall result in a looping of the
FIFO’s data input.

A RDWTEC command is not allowed when MR23 OP0O (DT_LFSR) is set to Og to allow data training using
the FIFO.

After loading the Read FIFO via LDFF or WRTR commands its contents are invalidated if any commands
are issued other than LDFF, RDTR, WRTR, NOP, RCKSTRT, RCKSTOP, PREab, PREpb, REFpb, REFab
(TR=H), RFMpb, RFMab, and MRS to MR[26:24], MR23 OP[11:1], MR[21:16, 7:6], MRS OP[8:0].
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5.4.3.4 LFSR Enabled WRTR

Due to the high data rates and PAM3 signaling of GDDR7 a LFSR training method has been introduced
for Write to gain the following intended benefits:

e Reduce training error
o increase training pattern complexity
o lane training pattern decorrelation

¢ Reduce training time

o eliminates need to Read FIFO for captured Write data during Write training

The following new key features are introduced to support LFSR Write training:
e Three DQ groups with associated independent LFSR pattern generators (one for each group)
e LFSR pattern generators supporting PRBS15 or PRBS11 and lookahead symbol generation
e PAM3 3b2S encoder (PAM3 mode and NRZ)
e Eye level masking
o Per lane (DQE and DQ[9:0]) 12bit (or dual 6 bit) burst error counter
o Per lane (DQE and DQJ[9:0]) pattern symbol shift (0, 4, 8, or 12 symbols)
e Per lane (DQE and DQ[9:0]) pattern mask and pattern inversion

In contrast to Write training with FIFO, Write training with LFSR is intended to allow the host to issue any
number of WRTR command bursts. There is no concept of filling a FIFO with WRTR command when
LFSR type training is enabled. The host may provide any number of WRTR commands as desired. Only a
single RDWTEC command is needed to read back error counter results after any desired number of WRTR
commands have been issued. In contrast to FIFO mode, for data training in LFSR mode WRITE and READ
commands are allowed between WRTR commands without needing to re-load LFSR seed values. Any data
which may have been previously loaded into the Read FIFO will no longer be valid for use in RDTR or
WRTR commands with FIFO enabled once a RDTR or WRTR command is issued with LESR enabled; the
contents of the FIFO would have been overwritten.

To use LFSR pattern generator with WRTR the DT _FIFO_LFSR MR (MR23 OP0) must be set to 1. There
are three logical DQ groupings. Each groups sources a common LFSR for that group. The groups are split
as shown in FIGURE 34.
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5.4.3.4 LFSR Enabled WRTR (cont’d)

Typical LFSR enabled Write Training Sequence:

e Reset burst error counter
Issue MRS commands to set LFSR type (PRBS15 or PRBS11) load LFSR seed values for each
LFSR
o Issue desired WRTR commands
o Issue RDWTEC to read burst error count
o Note if MR23 OP3 (LFSR_RST MODE) is set to Og, the burst error count will
automatically reset. Otherwise, a MRS must be issue to explicitly clear burst error count
if desired.

The Write training shares the same LFSR generators and data path as RDTR with LFSR mode enabled. The
same pattern shift, pattern inversion, pattern masking, 3b2S PAM3 encoder, and eye masking MR settings
apply to both RDTR and WRTR with LFSR mode enabled.

5.4.3.5 Burst Error Counter Overview

The Burst Error Counter is used only for Write training with LFSR mode enabled. The Burst Error Counter
can be configured to one of the following modes via MR23 OP7 (LFSR_CNT_MODE):

e Single 12-bit Burst Error Counter mode (Single eye per data lane)

e Dual 6-bit Burst Error Counter mode (Dual eye per data lane)

NOTE: When MR23 OP7 (LFSR_CNT MODE) is programmed to Dual 6-bit Burst Error Counter mode
the user must also program MR23 OP[5:4] (DT_EYE MASK) to 0b00 (No data receiver eye masking). No
other eye mask setting is valid in Dual 6-bit Burst Error Counter Mode.

In 12-bit burst error counter mode there is a dedicated 12-bit Burst Error Counter for each data lane
(DQ[9:0] and DQE). The maximum number of burst errors which can be captured is 2*12-1. The Burst
Error Counter will saturate after the maximum count value is reached and does not overflow or reset upon
subsequent detected errors.

In dual 6-bit Burst Error Counter mode there are two 6-bit Burst Error Counters per data lane. One 6-bit
Burst Error Counter dedicated to counting errors from the upper data eye and the other 6-bit Burst Error
Counter dedicated to counting errors from the lower data eye. The maximum number of burst errors which
can be captured is 2°6-1 for each counter, respectively. The Burst Error Counter value will saturate for each
counter independently after the maximum count value is reached for that counter. The counter does not
overflow or automatically reset upon subsequent detected errors.

The host may configure MR23 OP3 (LFSR_RST MODE) to automatically reset the error counter data after
issuing RDWTEC command. Alternatively, LFSR RST MODE Mode Register can be configured to
manually reset the Burst Error Counter. This allows the host to read out the Burst Error Counter values
multiple times (issuing multiple RDWTEC commands) before issuing a manual Burst Error Counter reset
via MR23 OP2 (LFSR_CNT _ RESET). If LFSR_ CNT_MODE (MR23 OP7) is modified, the error counter
mode be reset using MR23 OP2 (LFSR_CNT RESET).

The Burst Error Counter performs a symbol-wise data comparison and will only increase its count value by
a maximum of one for every WRTR burst (16 symbols) when one or more symbol errors are detected within
that WRTR burst. If the WRTR burst contains zero errors, then the counter value does not increase.
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54.3.6 RDWTEC Command

Burst Error Counter values are read back via RDWTEC command as shown in F/GURE 50. The RDWTEC
command is only valid when MR23 OPO (DT _LFSR) is set to 1 to allow data training to occur via LFSR.

CK4 (int.) A - | iiiiiiiiiii
HE R e e e e e e
AR ED (AR ED  EB &0

CA4:>/ ; \<:>/ ; \<:X V >O<CAPAR>O< V )O( V )O( V )O(CAfArgX:

Figure S0 — RDWTEC Command

The count values are mapped to +1 and 0 levels in PAM3 mode and H / L in NRZ mode as shown below.

Table 66 — Burst Error Counter Data Encoding

RDWTEC Command Error Counter Data Encoding
Error counter binary Data output symbol value
value PAMS NRZ
1 +1 (2bl1) H
0 0 (2b01) L

The Burst Error counter value is returned on each data lane corresponding to the error counter of that lane.
In Single 12-bit Burst Error Counter mode the RDWTEC command returns all 12 bits of the Burst Error
Counter value consecutively for each data lane as shown below in F/IGURE 51. The remainder of the burst
is driven to a +1 (PAM3) or H (NRZ) level after the 12 bits of data have been driven.

In Dual 6-bit Burst Error Counter mode the RDWTEC command also returns 12 bits consecutively per data
lane as shown below in F7GURE 51. The first 6 bits represent the Burst Error Counter value associated with
the upper data eye; the last 6 bits represents the Burst Error Counter value associated with the lower data
eye. The remainder of the burst is driven to a +1 (PAM3) or H (NRZ) level after the 12 bits of data have
been driven.

| | |
|  Data burst returned from RDWTEC command_ | |, Data burst returned from RDWTEC command _ |
| | | | | |

! ¢ 12bit burst error count‘gr value ) ! ! ¢ Burst error counter values ) !

| |
| Upper data eye 6bit Lowkr data eye 6bit
|

|
I
|
error counter value | emar counter value
< L gh »
|

| |
1 1
Dafo.0L 0 T oOEEOEEEEEE® | DQJS:0] FERO 0660060066800 |
|

NOTE 1 Each data lane (DQ[9:0] and DQE) returns a unique error counter value associated with the error count value for that
lane.

NOTE 2 PAM3 mode shown for example. See RE4D section for more details such as ODT on/off and RCK for RDWTEC
transactions.

Figure 51 — Burst Error Counter Data Returned using RDWTEC Command in Single 12-bit Burst Error
Counter Mode (Left) and Dual 6-bit Burst Error Counter Mode (Right)
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5.4.3.6 RDWTEC Command (cont’d)
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RL =20, tWTRTR = 12, WL = 7 are shown as examples for illustration purposes. Actual supported values will be found in the MoDE
REGISTERS and AC TIMINGS sections.

Write Latency = WL * tCK4 + tWCK2DQI. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA, tWCK2DQI, tWCK2DQO = 0 are
shown for illustration purposes.

No error (+1) for the WRTR and RDWTEC commands is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR)
PROTOCOL section for more details.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2 nCK4 digital and

0 ns analog output delay.

Figure 52 — Write Training using WRTR and RDWTEC Commands in LFSR Training Mode
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NOTES:

1. RL =4 is shown for illustration purposes. Actual supported values will be found in the MODE REGISTERS and AC TIMINGS sections.

2. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

3. No error (+1) for the RDWTEC command is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL
section for more details.

4. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3 nCK4 digital and
0 ns analog output delay.

5

. RDCRC is not calculated for the Write Training Burst Error Counter value which is returned to the host upon issuing a RDWTEC command.

Figure 53 — Gapless RDWTEC Commands in LFSR Training Mode
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5.5 Command Address Oscillator (CAOSC)

As voltage and temperature change on the GDDR7 DRAM, the WCK clock tree delay will shift relative to
CA and may require re-training. The WCK-to-CA clock-tree timing is denoted as tWCK2CA. The GDDR7
DRAM includes an internal WCK-to-CA interval oscillator (CAOSC) allowing the controller to measure
the amount of change in tWCK2CA timing over a controller determined time interval. Thus, allowing the
controller to optionally make appropriate timing adjustments to the CA path and or execute a CA training
procedure.

There is a CAOSC associated with each channel and operates fully independent of any channel’s operating
frequency or state (e.g., bank active, bank idle, sleep, power-down, or self-refresh). Also, no WCK clock is
required while the oscillator is counting.

The CAOSC Mode Register (MR23 OP6) and Info Read CAOSC COUNT registers (IRA Address [42:40])
are associated with the oscillator. Setting the CAOSC to 1 will start an internal ring oscillator that counts
the number of times a signal propagates through a copy of the WCK-to-CA clock tree. The oscillator is
stopped by setting the CAOSC bit back to 0.

The tWCK2CA timing parameter refers to the real WCK-to-CA relative insertion delay timing. tCAOSC
refers to the CA oscillator delay which mimics the delay of tWCK2CA over voltage and temperature drift.

o tWCK2CA = Actual WCK-to-CA clock path
e tCAOSC = Interval ring oscillator delay which mimics tWCK2CA timing and VT sensitivity
e tCAOSC =tWCK2CA + Matching Error (where matching error is intended to ideally be zero)

After started, every time the CAOSC circuitry sees 2 * tCAOSC, its counter will increase by a value of 1.

The maximum count is 22 - 1, and the longest run time for the oscillator to not overflow the counter can
be calculated as follows:

Longest Run Time Interval = 22 * (2 * tCAOSC(min))

Changing the operation frequency may also change tWCK2CA and tCAOSC timing. Therefore, controller
must re-run CAOSC to measure tCAOSC after a frequency change to maximize the accuracy of measuring
tWCK2CA.

The use of DCC may change tWCK2CA timing. Any timing impact from DCC will be capture by tCAOSC.
The controller must re-run CAOSC to measure tCAOSC after running DCC to maximize the accuracy of
measuring tWCK2CA.

The validity of the clock count is indicated by the CAOSC_COUNT_ VALID bit in the CAOSC_COUNT
Info Read register. The default state of 0 indicates an invalid count. The state is also set to 0 when the
oscillator is started. When the oscillator stops, the CAOSC _COUNT _ VALID bit is set to 1 to indicate a
valid count, and the result of the counter is stored in the CAOSC COUNT VALUE field of the
CAOSC_COUNT Info mode registers. The CAOSC_COUNT _ VALID bit will remain 0 (invalid) if the
counter overflows (22 or more cycles) or if the oscillator is interrupted by pulling RESET n to LOW. After
the oscillator stops the controller may issue Info Read commands to read out the count after tCAOSCO
timing is satisfied.

CAOSC_COUNT_VALUE = Floor (Run Time / (2 * tCAOSCQC)),
not accounting for measurement error terms

There are several key error components contributing to the accuracy of the CAOSC to be reliably used by
the host to measure tWCK2CA VT drift behavior. The following CAOSC matching error terms are
introduced to define its matching behavior:

e tCAOSCmatch(V) = Voltage sensitivity matching between tWCK2CA and tCAOSC

e tCAOSCmatch(T) = Temperature sensitivity matching between tWCK2CA and tCAOSC
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5.5 Command Address Oscillator (CAOSC) (cont’d)

Additionally, the system may incur further error from CAOSC granularity error (quantization error). To
minimize CAOSC granularity error the controller may adjust the accuracy of the result by running the
oscillator for shorter (less accurate) or longer (more accurate) duration. This CAOSC granularity error is
determined by the following equation:

CA WCK Oscillator Granularity Error = 2 * tCAQOSC
Run Time

Where: Run Time = Total time between the oscillator starting and stopping MRS commands

In addition to granularity error, the difference in delay between tCAOSC and the actual WCK-to-CA clock
tree timing across voltage and temperature must be accounted for.

Therefore, the total accuracy of the CAOSC is given by:

CAOSC Accuracy =1 — (Granularity Error + Matching Error Terms)

The CAOSC matching error term (tCAOSCMatch ) is defined as the delta min and max difference between
tWCK2CA and tCAOSC over voltage and temperature. The difference between tWCK2CA and tCAOSC
is denoted as tCAOSCoffset. The difference between max(tCAOSCoffset) and min(tCAOSCoffset) is
denoted as tCAOSCMatch as shown in the equations below:

tCAOSCMatch(V) = max(tCAOSCoffset(V)) - min(tCAOSCoffset(V))
tCAOSCMatch(T) = max(tCAOSCoffset(T)) - min(tCAOSCoffset(T))

B Voltage Sensitivity Matching of
S tWCK2CA vs tCAOSC
S
Z
o 0 max(tCAOSCoffset(V))
é O a B n matching_error
o tCAOSCmatch(V)
s B min(tCAOSCoffset(V) . ¥ __
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2 = o
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> >
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[Fixed Temp.]

Figure 54 — CA Oscillator Offset (tCAOSCoffset(V))
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5.5

Command Address Oscillator (CAOSC) (cont’d)
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Figure 55 — Oscillator Offset (tCAOSCoffset(T))

Table 67 — WCK Oscillator Matching Error Specification

Parameter Symbol Min Max Units Notes
CA WCK Osc1llat0r. foset Error: {CAOSCoffset(V) ps 1,2,3.4.5.6
voltage variation
CA WCK Oscillator Offset Error: {CAOSCoffset(T) ps 1,2.3,4.5.6.7

temperature variation

NOTE 1

NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

NOTE 7

The tCAOSCoffset is the difference between the actual WCK-to-CA path and the interval oscillator delay (tCAOSC)
over voltage or temperature.

This parameter will be characterized or guaranteed by design at the highest operating data rate.
The input stimulus for tWCK2CA will be consistent over voltage and temperature conditions.
The matching error and offset of the oscillator came from CA oscillator.

These parameters are defined per channel.

Both min and max values must be provided. The Host may calculate the total matching error by, for example,
tCAOSCmatch(T)= max(tCAOSCooffset(T)) - min(tCAOSCoffset(T))

Temperaturel = Min device supported. Temperature2 = Max device supported.
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5.5.1 tWCK2CA Offset due to Temperature and Voltage Variation

As temperature and voltage change on the GDDR7 DRAM, the WCK clock tree will shift and may require
retraining. The oscillator is usually used to measure the amount of delay over a given time interval
(determined by the controller), allowing the controller to compare the trained delay value to the delay value
seen at a later time. The tWCK2CA offset due to temperature and voltage variation specification can be
used for instances when the oscillator cannot be used to control the tWCK2CA.

Table 68 — tWCK2CA Offset Due to Temperature and Voltage Variation

Parameter Symbol Min Max Units Notes
WCK to Command Address (CA) offset
temperature variation
WCK to Command Address (CA) offset
voltage variation
NOTE 1 tWCK2CA max delay variation as a function of the DC voltage variation for VDDC. It includes VDDC
AC noise impact for frequencies TBD MHz and max voltage of TBD Vpk-pk from DC TBD MHz at a
fixed temperature on the package.

tWCK2CA TEMP - ps/°C

tWCK2CA_VOLT - ps/mV 1

5.5.2 CAOSC_Run and CAOSC_Count Registers

The CAOSC Mode Register and CAOSC COUNT Info Read registers are associated with the CA WCK
Interval Oscillator in the GDDR7 DRAM.

Table 69 — CAOSC Mode Register

Function Operand Data Notes
Start/Stop CAOSC
CAOSC OP[x] 0B = Stop CAOSC (default) 1,2
15 = Start CAOSC

NOTE 1 CAOSC COUNT value is not valid while CAOSC is in running state (after CA OSC Start and before Stop).

NOTE 2 When CAOSC is set to 1 from 0, the CAOSC counter always start from 0, even in the case that info read command
to readout CAOSC counter value was not issued in the previous CAOSC operation cycle.

Table 70 — Info Read Data

IRA Data DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO | Notes
40 CAOSC COUNT 1 CAOSC_COUNT VALUE [7:0] 1,2
41 CAOSC COUNT 2 CAOSC_COUNT_VALUE [15:8] 1,2

CAOSC_
42 CAOSC COUNT 3 COUNT_ | CAOSC COUNT VALUE [22:16] 1,2
VALID
43-47 RFU RFU

NOTE 1 The CAOSC count value is used to compensate for VT drift on Command Address (CA) lanes to maximize CA timing margin. The
memory controller can use the count to periodically adjust the phase of WCK relative to CA data.

NOTE 2 The contents of bits CAOSC _COUNT VALUE [22:0] are reset by starting the oscillator.
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5.5.2 CAOSC_Run and CAOSC_Count Registers (cont’d)

Table 71 — CAOSC (WCK2CA) Interval Oscillator AC Timing

Parameter Symbol Min Max Units
Delay time from Stop CAOSC MRS to " Max(40ns, ns
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Column CorgAnapd CNOP1 | CNOP1 Valid Valid Valid Valid CNOP1 NPT Valid Vali Valid vaiid |} IRD (IRA 40)
[4:3] [l [l i (W] (T} iy el (] i\ o || el
| | | | | | | | | | | | |
I I | tMOD I I I I | tMOD I I I I
B . | me— >
| | | | | | | \ | | | | | |
| | | | | | | | | | | | | |
tCAOSCO
1 1 1 1 1 1 1 e N | i AR
| | | | | | | | | | | | | |
CAOSC E‘;’::ﬁ; Enabling CAOSC CAOSC Enabled , Disabling CAOSC CAOSC Disabled
T T 1 T 1T T I T 1T T

| | | | | | | | | | | | | |
NOTE 1 IRA 40 is shown as an example. The host must read out IRA [42:40] to read out the full CAOSC_COUNT_VALUE

NOTE 2 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference
for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 56 — CAOSC Stop to IRD (tCAOSCO)

TO T T2 Ta0 Ta1 Ta2 Ta3 TbO Tb1 Tb2 Tb3 TcO Tc1 Tc2
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
Jpmmreen Jeemmneny Jpmmreen peenneny Jpmnreen Jeeennn Jpmmreen penseen Jeeennn pmnseen, le==-1fx [PR— [J— e
Cka i ! ! ! i i i i Py i ! i/
(inty 4 L L -4 - heeed L | A I W | e[ e I W i —
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
Y !’\‘ Y Yy Y Y ) !J Y Y Y Y !J Ealal !’\‘ YA Y Y e !J Ealal !’\‘ Ealal !J w1 el !’\‘ Ealal !J el el !’\‘ U
| | | ! | | ! |
| | | | | |
mseas Is'm Imm M AREREA
Row Co'gmg%j] MRS (MR23 OP6 =0g) | Valid x Valld Valld Valid Valid * MRS (MR23 OPS = 1) x Valld * I|d x Valld Valld
: (T i (e T [
I I i i
'anlan! M\ M 'mnlant mry i\
Column Cogf\“i'_"sd CNOP1 | CNOP1 Valid Valld Valld Valid Vaiid CNOP1 CNOP1 Valld lia Valld Valld
[4:3] [l [l () (el o |
! ! ' tMoD ! ! ! ! tMOD ! !
| h | | ' | | | | | | - | |
| | | | ItCAOSCINT! | | | | | | | |
| [ f t f [ — | | | | |
\ \ \ \ \ \ \ \ \ \ \ \ \ \
| | | | | | | | | |
CAOSC — - .
CAOSC EhOSC | Dpisabling cA0SC CAOSC Disabled Enabling CAOSC CAOSC Enabled

I I Il | | |

| | | | | | | | | | | | | |
NOTE1 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the
reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 57 — CAOSC Stop to CAOSC Start (tCAOSCINT)
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5.6 Duty Cycle Corrector (DCC)

As GDDR7 SGRAMSs do not include a PLL/DLL, the use of an optional Duty Cycle Corrector (DCC) can
correct for the duty cycle error of the WCK clocks, resulting in improved timing margins for all WCK-to-
DQ related timings. Since the WCK is shared between DQ, RCK, and CA, RCK duty cycle and WCK-to-
CA timings can be impacted by the DCC. The DCC can be enabled at any time before the interface data
training process. Best results for interface data training cannot be guaranteed unless duty cycle correction
has been completed prior to finalizing the relevant training steps. Read, Write and CA related trainings may
need to be rerun after running the DCC to maximize timing margins.

DCC operation is controlled by MR8 OP[6:5]. The duty cycle correction is started by setting bit OP5. The
DCC must be held in this state for a minimum duration of tDCC. During tDCC, MRS commands may be
issued to speed up the training process, however the issuing of commands during tDCC carries the risk of
impacting the DCC operation.

After tDCC is met, bit OP6 shall be set to terminate the duty cycle correction and hold the correction code.
The DCC may be disabled at any time by resetting bits OP6 and OP5. T4BLE 72 shows the DCC timing
parameter and 745LE 73 the control signals.

When in the “hold” state, i.e., MR8 OP[6:5] is set to ‘117, the DCC correction code will be valid until either
the device is taken out of the “hold” state by programming MR8 OP[6:5] to ‘00’ or ‘01’ or a reset of the
device. The correction code is valid for all frequencies less than or equal to the WCK frequency at which
the DCC correction code was determined. The optimal DCC correction is only guaranteed at the
temperature and voltage at which the DCC code was determined.

Table 72 — DCC Timing

Parameter Symbol Min Max Unit

Duty cycle corrector (DCC) start to hold

MRS command delay tbCC - nCK4 (or ns)

Table 73 — DCC Control Signals

MR8 OP6 | MR8 OP5 DCC
0 0 DCC off
0 1 DCC start
1 0 Reserved
1 1 DCC hold
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6 Operation

6.1 Row And Column Commands

GDDR?7 introduces a new command protocol that allows row and column commands to be issued in
parallel, provided the conditions for issuing the command and the respective timings are met. CA[2:0]
inputs are associated with row commands, and CA[4:3] inputs are associated with column commands. A
few commands are defined across all CA[4:0] inputs. The command truth table also includes restrictions
for certain row commands that must be paired with CNOP1 or CNOP2 commands on the column bus. Refer
to the COMMAND TRUTH TABLE for details.

The GDDR7 command/address (CA) interface supports CA parity (CAPAR) and CA bus inversion (CABI)
as shown in TABLE 74

e The CABI bit is received on the CAl input and in subsequent figures shown as part of row
commands.

e The CAPAR bit is received on the CA4 input and in subsequent figures shown as part of column
commands.

However, CA parity (CAPAR) and CA bus inversion (CABI) are calculated and checked over all CA[4:0]
inputs combined when these features are enabled in the respective Mode Registers.

Table 74 — CABI and CAPAR Bit Positions

Clock Cycle CA0 CA1l CA2 CA3 CA4

0 CABI
! Row Command Column Command
) Address 11-bit Address 7-bit

3 CAPAR
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6.2 Command Truth Table
Table 75 — Truth Table — Commands
FUNCTION SYMBOL WCé‘y ccll"ck CA0  CAl = CA2 CA3 |CA4" NOTES
0 H CABI H
Row No Operation 1 RNOP1 ; 3 3 3 Vacli)ilii’iggm 1,2,3
3 \% v \Y%
0 H H H
Row No Operation 2 RNOP2 ! ‘ H H H CNOP2 1,3
2 | H H H
3 H H H
0 H H
Column No Operation 1 CNOP1 ; Valid Row Command 3 S 1,3
3 \% CAPAR
0 H H
Column No Operation 2 CNOP2 ! RNOP2 H H 1,3
2 H H
3 H H
0 L CABI | V/(R16)
1 | RI3 | V/(RI4) | V/(RIL5)
2 | BA2 BA3 R12
Activate (Select bank and 3 |_BAO BA1 R11 Valid Column
activate row) ACT 4 | R9 CABI R10 Command(s) 12,4
5 | R6 R7 RS
6 | R3 R4 R5
7 RO R1 R2
0 H CABI H
1 | L H M5
2 | M2 M3 M4
. 3 | MO Ml OPI1
Mode Register Set MRS CNOPI 1,2,5
4 | OP9 CABI OP10
5 | ops OP7 OP8
6 | opr3 OP4 OP5
7 OP0 OP1 OP2
0 H CABI H
1 | H L L
2 . B2 B3 B4
Load FIFO LDFF 3 | BO Bl v CNOP1 1,2,6
4 | D9 CABI DI0
5 | D6 D7 D8
6 | D3 D4 D5
7 . DO DI D2




JEDEC Standard No.

Page 126

239D

Table 75 — Truth Table — Commands (cont’d)

FUNCTION

SYMBOL

WCK Clock
Cycle

CA0 CAl CA2

CA3

CA4 "

NOTES

Info Read

IRD

Valid Row Command(s)

< |< |5 =

o
=g
G

CAPAR
OP6

o
=
W

OP4

o O
o T
O -

OP2
CAPAR

1,2

Read Training

RDTR

Valid Row Command(s)

1,2

s

Read the Write Training
Error Counter

RDWTEC

Valid Row Command(s)

1,2,12

Write Training

WRTR

Valid Row Command(s)

2

s

RCK Start

RCKSTRT

A IR = N LV, I P o LV B (S I i el BN B e Y R IS O e Rl BN B o R O, B - VS R S I Rl B = WA i S VS B (SR o Rl DN B e S O B R AV R S e =)

Valid Row Command(s)

< < KK bobomE|I< K K K@EmEZEZ|I<i<<kKkE<rboml< << <BEKKOE

CAPAR

1,2,12
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Table 75 — Truth Table — Commands (cont’d)
FUNCTION SYMBOL WCé; Sk ca0 | cAl | caz | CA3  CA4™ NoTES
0 H H
1 H L
2 H \4
RCK Stop RCKSTOP i Valid Row Command(s) 1; CAf/AR 1,2, 12
5 \% \4
6 \%4 \%
7 \% CAPAR
0 L H
1 BA2 BA3
2 BAO BA1
Read gie(:esct;:’:'gﬁ;:glumn’ RD i Valid Row Command(s) é{S CVAPAR 1,2,7
5 C3 C4
6 Cl C2
7 Co CAPAR
0 L H
1 BA2 BA3
2 BAO BA1
Read with Autoprecharge RDA i Valid Row Command(s) CL s CVAPAR 1,2,7
5 C3 C4
6 Cl C2
7 Co CAPAR
0 H L
1 BA2 BA3
2 BAO BA1
Write ;igle;:;zaéllll(;sct;)lumn, WR i Valid Row Command(s) é{S CVAPAR 1,2,7
5 C3 C4
6 Cl C2
7 Co CAPAR
0 H L
1 BA2 BA3
2 BAO BA1
Write with Autoprecharge WRA i Valid Row Command(s) CLS CVAPAR 1,2,7
5 C3 C4
6 Cl C2
7 Co CAPAR
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Table 75 — Truth Table — Commands (cont’d)
WCK Clock
FUNCTION SYMBOL Cycle CA0 CA1l CA2 CA3 | CA4'" | NOTES
0 H CABI H
Pre.charge PeF-Bank PREpb 1 ‘ L L H Valid Column 1.2.8
(Deactivate row in a bank) 2 | BA2 BA3 DRFM Command »7
3 BAO BAI \
0 H CABI H
Precharge All-Bank 1 | L L L Valid Column
(Deactivate row in all banks) PREab 2 \ \% \Y v Command 1,2
3 \Y% \Y% \%
0 H CABI L
1 L H H p
Refresh Per-Bank REFpb | Valid Column 128
2 | BA2 BA3 \ Command o
3 BAO BA1 \%
0 H CABI L
1 L H L p
Refresh All-Bank REFab | Valid Column 12
2 v \% v Command ’
3 \'% TR \%
0 H CABI L
Refresh Management RFMpb 1 ‘ H L H Valid Column 128
Per-Bank 2 | BA2 BA3 DRFM Command o
3 BAO BA1 \%
0 H CABI L
Refresh Management RFMab 1 | H L L Valid Column L
All-Bank 2 Vv \% \% Command ’
3 \% \% \%
0 H H L
P D Ent PDE L ‘ - L k
ower-Down Entr
Y ’ ‘ L H H CNOP1 1,9
3 H H H
0 H H L
Sl Ent SLE 1 ‘ L - ;
eep Entr
p Y ) ‘ H H H CNOPI1 1,9
3 H H H
0 H H L
Self Refresh Entr SRE : ‘ L L L
Y ) ‘ L L H CNOP1 1,9
3 H TR H
0 H H L
1 | L L L
Self Refresh Sleep Entr SRSE
p Entry 5 | H L H CNOP1 1,9
3 . H H H
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Table 75 — Truth Table — Commands (cont’d)

WCK Clock

FUNCTION SYMBOL CA0 CAl CA2 CA3 | CA4" | NOTES

Cycle

Power-Down Exit / Self
Refresh Exit

0

PDX /SRX CNOP1 1,9

CA Training Entry CATE

CNOPI 1.9

Command Start Point CSp

W [— olw (v~ |lclw v |~

CA Training Exit CATX

n+1 ‘
n+2 \
n+3 \
n+4 ‘
n+5 \
n+6 \
n+7 ‘
n+8 \
|
|
|
|
|
|
|

11

n+9
n+10
n+l1
n+12
n+13
n+14
n+15

=
|l ol i1 ol ol | o | o | o o B o B | o B o | ol | o ol s faniiliani fa=il RS E ol iqniicsl Runil ool quiifes:
el ol i ol ol | o | o | o o o B o B ol | ol | o o ol faniili=n il ol Rl | il iR enll Runilljaoili i fas

onl | o wnli | on N wnli ] on | ol | onl | o onl | on il onll on i wnlll | e oullll =il ianiifaniiNasil Rl eniifasill ol Honllloniii enlll N on

| ol ol ol i ol | o | o | o o o | o ] ol | o | e onl Re il janiianil o

o ol ol ol i ol | o | ol | o o B o | o ] ol | ol el onl Hesiil faniiianil o

-
=

NOTE 1
NOTE 2

NOTE 3
NOTE 4

NOTE 5
NOTE 6
NOTE 7

NOTE 8
NOTE 9
NOTE 10
NOTE 11

NOTE 12

H = Logic High Level; L = Logic Low Level; V = Valid, signal may be H or L, but not floating.

Values shown for CA[4:0] are logical values; the physical values are inverted when Command/Address Bus Inversion (CABI) is enabled and
CABI=L.

Both encodings perform the same NOP. NOP2 encodings are used when the state of the CA bus is required to be High.

BA[3:0] provide the bank address, R[(16), (15), (14), 13:0] provide the row address. R14 is only used on 16 Gbit 2 channel mode, 24/32 Gbit 4
channel mode, and 48/64GB Gbit in 4 and 2 channel modes. R15 is only used on the 24/32 Gbit 2 channel mode and 48/64 Gbit in 4 and 2 channel
modes. R16 is only used in 48/64 Gbit 2 channel mode. See ADDRESSING section for more details.

M][5:0] provide the Mode Register address (MRA), OP[11:0] the opcode to be loaded.
B[4:0] select the burst position, and D[10:0] provide the data.

BA[3:0] provide the bank address, C[(6), 5:0] provide the column address; no sub-word addressing within a burst of 16 symbols. C6 is reserved for
future use. See ADDRESSING section for more details.

BA[3:0] provide the bank address.
CNOP1 required on the column bus (CA[4:3]).
CABI (Command Address Bus Inversion) and CAPAR (CA Parity) are calculated on CA[4:0].
CATX is 16 consecutive WCK cycles of L (n to n+15) on all CA inputs as the internal CK4 alignment is not guaranteed until CSP command issued
after exiting CA Training. See the CoMMAND ADDRESS BUS TRAINING section for more details.
Vendors may support an optional alternate Command Set B selected by MR29 OP5. Vendor ID5 is used to identify support. Refer to
T4BLE 52, the INFO READ section and vendor’s datasheet for more details.
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6.3 NOP

The Row No Operation 1 (RNOP1) command is used to instruct a channel to perform a NOP as row
command; this prevents unwanted row commands from being registered during idle or wait states.
Operations already in progress are not affected.

The Column No Operation 1 (CNOP1) command is used to instruct a channel to perform a NOP as column
command; this prevents unwanted column commands from being registered during idle or wait states.
Operations already in progress are not affected.

During certain state transitions, Row No Operation 2 (RNOP2) and Column No Operation 2 (CNOP2)
commands are required as pairs instead of RNOP1 and CNOPI. These state transitions include

Exit from CA bus training;

Transitions from asynchronous to synchronous operation that require a CSP command;
Power-Down entry and exit;

Self Refresh entry and exit;

Sleep mode entry and exit.

CA parity is evaluated with the RNOP1 and CNOP1 commands when the parity calculation is enabled in
MR15 OP0. RNOP2 and CNOP2 commands are defined with all inputs driven High. This encoding meets
the condition for (even) CA parity by definition.

/

ca2 Y

Row No Operation 2 (RNOP2) Column No Operation 2 (CNOP2)

NOTE 1 CABI = Command/Address Bus Inversion; CAPAR = CA Parity; V = Valid (H or L but not floating).

NOTE 2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

Figure S8 — Row and Column No Operation Commands
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6.4 Command Start Point (CSP)

The Command Start Point (CSP) command is provided to align the DRAM’s internal CK4 clock with the
4 U.I. command burst boundary as assumed by the host. The command is required to be issued exactly once
in the following state transitions to normal operation (see the SIMPLIFIED STATE DIAGRAM):

e Exit from Sleep mode or Self Refresh Sleep mode (SLX), where the DRAM’s WCK receiver was
disabled and the DRAM’s internal CK4 clock had lost its synchronization with the host.
e Exit from CA bus training (CATX) (see COMMAND ADDRESS BUS TRAINING).

Issuing a CSP command in all other cases is illegal and may lead to unspecified operation.

The CSP command encoding (see FIGURE 59) is like a combination of RNOP2 and CNOP2 except for the
two Low bits on the first U.L. of the command on CA1 and CA3 inputs. RNOP2 and CNOP2 commands
are required in the tCSP_PRE or tCATX period prior to a CSP command, and in the tCSP_POST period
following a CSP command. This makes the two Low bits to stick out of a series of command cycles with
all CA inputs constantly driven High.

CK4 (int.)
WCK_t |,

NOTE 1 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

Figure 59 — Command Start Point Command

FIGURE 60 illustrates how the CSP command will allow the DRAM to align its internal CK4 clock with
the host and be able to correctly decode subsequent access commands. Depending on the initial state of the
internal CK4 clock there will be 4 cases with the two Low bits sampled either on the first, second, third or
fourth U.I. of a CK4 cycle.

In case 1, the rising edge of the internal CK4 clock occurs aligned with the command boundary as assumed
by the host. The CSP command will be correctly sampled as LHHH which indicates alignment between
host and DRAM. No change to the internal CK4 clock is required following the CSP command.

In cases 2, 3, and 4, the rising edge of the internal CK4 clock is shifted by 90°, 180° or 270° with respect
to the command boundary as assumed by the host. The CSP command will be sampled as HLHH, HHLH
or HHHL, respectively. The DRAM will use this information to correct the phase of the internal CK4 clock
during the tCSP_POST period.

The channel is ready to receive valid commands once the tCSP_POST timing has elapsed.

CA parity is evaluated with the CSP command when the parity calculation is enabled in MR15 OP0O. CA
parity calculation may temporarily be suspended in the tCSP_POST period.

When enabled in MRO OP0, CA bus inversion is suspended in device states that require a CSP command
(e.g., chip reset, Sleep modes, CA bus training), and will be resumed within the tCSP_POST period
following the CSP command. See the COMMAND ADDRESS BUS INVERSION (CABI) section for details on
CABI.
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6.4 Command Start Point (CSP) (cont’d)

Command < RNOP2 CSP RNOPz:l RNOP2 Valid
T — T T —_— T T —— T T —_— T ——T
tcarx || 3 P
s B !
tcsp PRE ; tcsp POST

Case 1: Internal CK4 is aligned with Host

ckaine) [\ [ W A WY A U
Commgrs{lc)l j j j\L/H I‘{ H H Ez&‘@

Case 2: Internal CK4 is 9d° Off

L S | =
Comnind | ML/ ) e

Case 3: Internal CK4 is 180° dff : :
cxaon |1 apat
N S : Iy L

Commgﬁg ; H H\L/H ” E&ﬁ

Case 4: Internal CK4 is 270° Off

CK4 (int.) | [ |

Commgig H H H\_L_/ H ‘(::Ialz{

——

NOTE 1 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either
case the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 60 — CSP Command Operation
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6.5 Mode Register Set (MRS)

The Mode Register Set (MRS) command is used to load the Mode Registers of the device. M[5:0] select
the Mode Register, and OP[11:0] determine the opcode to be loaded. See MODE REGISTERS section for the
register definition.

************************

CK4 (int.) |
WCK_t \ A\ —\ \: Jam—

WCK_c / A NN
CAO 3 ,O( Mz )O( MO )O(OP9)O(OP6)O( 0P3)O( OPOX:
><CABI>< Y ; XX M3 XX M1 )O(CABI)O( 0P7)O( 0P4)O( OP1X:

CA2 :}’ § X M5 XX M4 )0(01711)0(01?10)0( QPS)O( QP5)O( orz)(:

NOTE 1 M = Mode Register Address; OP = Opcode to be loaded; CABI = Command/Address Bus Inversion.

NOTE 2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 3 See MopE REGISTERS for the register definition.

************************

,,,,,,,,,,

******************

\
,,,,, “

Figure 61 — Mode Register Set Command

The Mode Register Set command can be issued when the device is in bank idle state or in Self Refresh
mode, and when all previous Read or Write operations have completed. For Reads, a burst completion is
defined as when the last data element including CRC has been transmitted on the data outputs (tRDMRS
timing); for Writes, a burst completion is defined as when the last data element has been written to the
memory array and the result of the write CRC check has been returned to the host tWRMRS timing).

The Mode Register Set command may also be issued in bank active state for specific mode registers that
define data interface characteristics or control data training. Refer to the MODE REGISTERS section for a list
of mode registers that are supported in bank active state.

The MRS command to non-MRS command delay, tMOD, is required by the device to update the features,
and is the minimum time required from an MRS command to a non-MRS command excluding RNOP and
CNOP. The MRS command cycle time, tMRD, is required to complete the write operation to the Mode
Register, and is the minimum time required between two MRS commands.

The value of tMRD is less than or equal to tMOD, and the vendor’s datasheet should be consulted for
details.

The actual Mode Register update is initiated with the second CK4 cycle of the MRS command. All relevant
timing parameters therefore refer to this second rising CK4 clock edge as shown in subsequent timing
diagrams.

CA parity is evaluated with the Mode Register Set command when CA parity has already been enabled in
MR15 OPO prior to this Mode Register Set command. When CA parity is enabled by a Mode Register Set
command, the channel requires all subsequent commands including NOP commands to be issued with
correct parity until tMOD has expired for the Mode Register Set command that disables CA parity.
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6.5 Mode Register Set (MRS) (cont’d)

CA[2:0] X‘PREab XRNOPl m MRS x RNOP1 MRS l RNOP1|”‘ A.C. x

CA[4:3] x‘ Valid X Valid m Valid x Valid x Valid HK Valid X Valid l Valid m Valid x

T T
| |
| |
! trp tMRD ! tMmop
i i
| |

T
|
|
|
|
|
i
Mode Old Setting X Updating Setting XNew Setting

NOTE 1 A Precharge command as shown in the figure shall not be issued when the channel is in Self Refresh state.
NOTE 2 A.C.= Any row command allowed in bank idle or Self Refresh state.

NOTE 3 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 62 — Mode Register Set Timings
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6.6 Info Read

GDDR7 SGRAMs Info Read (IRD) command provides access to a variety of information about the device
operation and status. The IRD data readout cycle is initiated with the IRD command as shown in

FIGURE 63, where the OP[6:0] bits select one of 128 Info Register Addresses (IRA), as summarized in
TABLE 76, with 32 IRA reserved for vendor specific data.

CK4 (int.)

CA_3 | 2R ‘ ‘ ) ) ‘ :PO X
CA4 :y_ /O< V >O<CAI"AR>O< QP6 >O< QP4 >O< QPZ X:XCA‘PARX:

NOTE 1 OP = Info Read Register Address (IRA); CAPAR = CA Parity; V = Valid (H or L but not floating).

Figure 63 — Info Read Command (IRD)

The timing of the IRD data return matches that of a normal Read operation; see F/GURE 64 for an overview
of the IRD timing diagram. The DRAM will not send CRC data back to host regardless of whether RDCRC
is enabled or not. During IRD readout DQ[9:8] and DQE will drive +1 level in PAM3 mode. In NRZ mode,
DQ[9:8] are High-Z and DQE will drive either High-Z or H level depending on the MR5 OP10 bit (if DQE
High-Z State is supported).

CA[2:0] | valid | vad | valid | Wvarid|| | vana m‘ valid | valid | valid UI
CA[4:3] l Valid x ~IRD a?f‘o"Re?d) ) l Valid” l Valid M‘ Valid n Valid l‘ Valid UI
3 RL BL

RCK

DQ[7:0] U JJ ‘ I}nfo Read Data Out[7:0] y J r

DQ[9:8],
DQE

NOTE 1 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 2 The shown RCK is just for illustration, IRD will support the same RCK protocol as in normal read operations, refer to
READ CLOCK (RCK) Section for details.

Figure 64 — Info Read Operation
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6.6 Info Read (cont’d)

Each IRD command will drive out 8 bits of data, one bit per DQ in DQ[7:0] in a static High/Low level encoding scheme (+1/-1 in PAM3 mode or
H/L in NRZ mode). The data will be available on the DQ[7:0] after the read latency RL, and it will be held for the duration of one read burst BL,
i.e., 16 U.I. in PAM3 mode or 32 U.L. in NRZ mode.

Table 76 — Info Read Data

IRA Data DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO Notes
0 Vendor ID1, see T4BLE 78 Revision ID Manufacturer ID
1 Vendor ID2,see TABLE 79 PAM3 FIFO Depth Nflgzelfgo Usiga"o‘ft“ gﬁpioorlt* Density 2
2 Vendor ID3, see T4BLE 80 ];Erlizlzr CTLE Rx DQE HZ DCC SCRAMBLE ECC_ENG DFE Rx SEV2ERR
’ Offset Sub-Add. = _CE Sub-Add
3 Vendor ID4, See TABLE 81 I]’)r?)ttae 2‘1’;};1 TS Range 1 gﬁgfgﬁi ECE—CEI}I\IG CAPARBLK LAT TYPE feecdii " sf;ig n
4 Refresh Management ARFM RFM RAADEC RAAMMT RAAIMT
5 RFU RAADEC A RAAMMT_ A RAAIMT A
6 Adaptive Refresh Management RFU RAADEC B RAAMMT B RAAIMT B
7 RFU RAADEC C RAAMMT C RAAIMT C
8-14 RFU RFU
15 Error Log, See T4BLE 83 PZE}IIDE(}:g RFU
16 Temp., ECS Eljmr flag, see ECS Error Temperature
TABLE 84
17 Max. Temp. see T4BLE 85 RFU Max. Temperature Log
18 ECS Error Log 1 Max CE per ROW Address BA[3:0] UE Address BA[3:0] 2
19 ECS Error Log 2 Max CE per Row Address R[15:8]
20 ECS Error Log 3 Max CE per Row Address R[7:0]
21 ECS Error Log 4 UE Address R[15:8]
22 ECS Error Log 5 UE Address R[7:0]
23 ECS Error Log 6 RFU UE Address C[6:0] or {0, C[5:0]}
24 ECS Error Log 7 EFCLSACGE EFCLS Alé}E EF(C)LS[f\I;]"I:" RFU UE Count [3:0]
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Table 76 — Info Read Data (cont’d)
IRA Data DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO Notes
25 hPPR Resources 1, see T4BLE 86 Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0
26 hPPR Resources 2, see T4BLE 86 Bank 15 Bank 14 Bank 13 Bank 12 Bank 11 Bank 10 Bank 9 Bank 8
27-31 RFU RFU
32 Serial ID-1
33 Serial ID-2
34 Serial ID-3
35 Serial ID, Serial ID-4
36 see T4BLE 87 Serial ID-5
37 Serial ID-6
38 Serial ID-7
39 Serial ID-8
40 CAOSC COUNT 1 CAOSC_COUNT_VALUE [7:0] 3
41 CAOSC COUNT 2 CAOSC _COUNT _VALUE [15:8] 3
CAOSC _
42 CAOSC COUNT 3 COUNT _ CAOSC _COUNT_VALUE [22:16] 3
VALID
43 Vendor ID5, See T45LE 82 RFU M e lg;izg Sle;gff;r}ing Scul;/;?)i
44-95 RFU RFU
96-127 Vendor Specific Data
NOTE 1 Default value for RFU bits is 1s.

NOTE 2 Refer to the ErrOR CHECK AND SCRUB (AUTO ECS) section for details about the ECS related fields.
NOTE 3 Refer to the CommaNDp ADDRESS OSCILLATOR (CAOSC) section for details.
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6.6 Info Read (cont’d)

The IRD command is allowed provided that the following conditions are met:

Bank idle state.

Bank active state when timing conditions in 74BLE 77 are met.
Refresh All-Bank when the TR bit is set with the REFab command and the timing
conditions in 74BLE 77 are met.
Self Refresh mode when the TR bit is set with the SRE command. Please refer to the SELF
REFRESH section for details.

Table 77 — Info Read Timings!

Minimum Delay Between

From Command To Command “From Command” to Unit |Notes
“To Command”
RD and RDA IRD tRDRTR nCK4
RDTR and RDWTEC IRD tRTRRTR nCK4
WR and WRA IRD tWRRTR nCK4
WRTR IRD tWTRTR nCK4
IRD RD and RDA tRTRRD nCK4
IRD RDTR and RDWTEC tRTRRTR nCK4
IRD WR, WRA and WRTR tRTRWR nCK4
IRD IRD tIRD2IRD nCK4
IRD Info Register Address x IRD Info Register Address x tIRD2IRDSA nCK4 | 2
RCKSTRT IRD tRCKSTRT2RD nCK4 3
IRD RCKSTOP tRD2RCKSTOP nCK4 4
RCKSTOP IRD tRCKSP2ST nCK4 4
NOTE 1 This table summarizes the labels for the command-to-command delays related to Info Read, for the specific values
please check the — AC Timings section.
NOTE 2 The tIRD2IRDSA delay for back-to-back IRD commands to the same Info Register Address (IRA), permits to keep the
data steady at the output for longer than a burst. Back-to-back IRD commands to the same Info Register Address (IRA)
are only supported for IRAs 0 to 7, 32 to 39 and 43.
NOTE 3 This delay applies when RCKMODE is set to Start with RCKSTRT command (MR9 OP[1:0]=103).
NOTE 4 This delay applies when RCKMODE is set to Start with Read (i.e., IRD) command (MR9 OP[1:0]=015) .

Info Read operation can be carried out during normal device operation with a limited impact in
performance. FIGURE 65 shows that the minimum delay between two consecutive reads with an IRD
readout in between is tRD2IRD + tIRD2IRD.
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6.6 Info Read (cont’d)

|
CA[2:0] | valid l} valid | valid || Valid l} valid | valid | vatiall | vaia ‘} valid | valid |
CA[4:3] l REAI‘) l Valid Hl IRD (Infc; Read) l Valid n Valid H l REA‘D l Valid x
i tRDRTR | tirD2RD

I

I
I f
1 RL |
|

DQJ7:0] U % U ‘ | Info Read Data Out[7:0] y

Figure 65 — Example of Info Read Operation Between Consecutive Reads

FIGURE 66 shows that the minimum delay between two consecutive writes with an IRD in between is
tWRRTR + tRTRWR.

CAJ2:0] l Valid l‘"Va.llid ) l Valid Hl Valid Hl Valid l‘"Va}id ) t Valid Hl Valid n‘"Valid ) l Valid x

CA[4:3] l WRITE l Valid Hl Valid !ﬂ IRD (Info Read) t Valid 1” WRITE l Valid x
i twWRRTR i tRTRWR i
: WL . RL i

DQJ7:0] ”AEHEHEEHJ JJ ‘ Info Read Data Out[7:0] ,

Figure 66 — Example of Info Read Operation Between Consecutive Writes

Table 78 — Info Register Address 0 — Vendor ID1

DQs Field Description
The device revision ID is a vendor specific assignation
00008
[7:4] Revision ID 00018
11118

Manufacturer’s Vendor Code and Manufacturer’s Name
0001 — Samsung

[3:0] Manufacturer ID 01108 — SK Hynix

11118 — Micron

All other values are reserved.
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6.6

Info Read (cont’d)

Table 79 — Info Register Address 1 — Vendor 1D2

DQ Field

Description

[7:6] PAM3 FIFO Depth 01 — 10 Bursts

Supported FIFO Depth in PAM3 mode
00 — 8 Bursts

108 — 12 Bursts
118 — RFU

[5] NRZ FIFO Depth

Supported FIFO Depth in NRZ mode
O — Same as in PAM3 mode
15 — Half of PAM3 mode

[4] ECS UE Count Support OB — Supported

ECS UE Count logging

18 — Not Supported

[3] ECS COL Support 0B — Supported

ECS UE Column Address logging

18 — Not Supported

[2:0] Density

Memory density per device
001 —16 Gb
0108 —24 Gb
0118—32 Gb
1008 — 48 Gb
1018 — 64 Gb

All other values are reserved.

Table 80 — Info Register Address 2 — Vendor 1D3

Field

Description

ERR Driver Offset

The ERR signal pull-up and pull-down driver impedances offsets can be adjusted
(see MR27 OP[7:0])

0B — Supported

15 — Not Supported

CTLE Rx Sub-Address

CTLE values can be programmed for the upper and lower data receiver
separately (see MR18 OP[7:6])

0B — Supported

15 — Not Supported

[5]

DQE_HZ

Set DQE signal to High-Z (see MR5 OP10)
0B — Supported
15 — Not Supported

[4]

DCC

Duty Cycle Corrector (see MR8 OP[6:5])
0B — Supported
15 — Not Supported

(3]

SCRAMBLE

Data Scramble (see MR20)
OB — 32-bit
1B — 8-bit

(2]

ECC_ENG CE

ECC Engine Test mode reports CE (refer to the ECC Test Mode section for
details)

0B — Supported

15 — Not Supported

(1]

DFE Rx Sub-Address

DFE values can be programmed for the upper and lower data receivers separately
(MR19 OP[7:6])

0B — Supported

15 — Not Supported

SEV2ERR

SEV flag on the ERR signal (see MRS OP9)
0B — Supported
15 — Not Supported




JEDEC Standard No. 239D

Page 141
6.6 Info Read (cont’d)
Table 81 — Info Register Address 3 — Vendor 1D4
DQs Field Description
[7] Data Path Protection Data Path Protection (DPP)
Op — Supported
18 — Not Supported
[6] TS Range 1 Temperature Sensor Range 1
0B — Supported
18 — Not Supported
[5] HALF CK4 ERR TRAIN Half CK4 rate clock ERR signal training pattern
0B — Supported
18 — Not Supported
4] ECC _ENG 2CH Additional ECC engine test required at 2 Channel mode
0B — Required
18 — Not required
[3:2] CAPARBLK LAT TYPE CAPARBLK LAT support

008 — Both Explicit and Implicit CAPARBLK LAT supported
01z —RFU

10 — Explicit CAPARBLK_LAT only supported

118 — Implicit CAPARBLK LAT only supported

[1] CSP Feedback CSP Feedback on ERR signal
0B — Supported
18 — Not Supported
[0] SEV2ERR BRC Support Level (see MR8 OP[4:3])

0 — BRC 2 only (default)
18 — BRC 2, 3, 4 Supported
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6.6 Info Read (cont’d)

Table 82 — Info Register Address 43 — Vendor ID5

DQs Field Description

[7:4] RFU RFU

[3] WRCRC2ERR Range WRCRC2ERR Range (see MR2)

0O — MR2 OP[11:6] for WRCRC2ERR
0101008: 10
010110s: 11

1111008 30
1111108 31
000001s 32

1111018 62
1111118 63
All others: reserved

18 —MR2 OP[11:7] for WRCRC2ERR and MR2 OP6 RFU
010108: 10
01011s: 11

111108 30
111118 31
All others: reserved

[2] RTPSB Range RTPSB Range (see MR4)

O — MR4 OP[11:7] for RTPSB
001008: 4
00101s: 5
00110s: 6

100118 19
101008 20
All others: reserved

18— MR4 OP[11:8] for RTPSB and MR4 OP7 RFU
0100s: 4
01018: 5
11108 14
11118 15
All others: reserved

[1] Sleep during Refresh If Sleep during Refresh is supported, a SLE command is allowed at shorted time
after REFab or REFpb command, please check REFRESH section for details.

OB — Supported

18 — Not Supported

[0] CMDS Support Command Set B Support (see M/R29)
0B — Supported
18 — Not Supported
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Table 83 — Info Register Address 15 — Error Log

DQs

Field

Description

Write DPP Parity Error Flag

On write operations with DPP mode enabled, the Write DPP Parity Error Flag
indicates that there has been a mismatch between the received DPP parity bit and
the DPP parity calculated internally on the received data.
The flag is cleared upon a successful Write DPP Parity Error Flag IRD readout.
Check the D474 Pat PROTECTION (DPP) section for more details.

0B — No new write DPP parity error logged

15 — New write DPP parity error logged

[6:0]

RFU
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6.6.1 Temperature Sensor Readout

The GDDR7 SGRAM features a temperature sensor with digital readout function. This function allows the
controller to monitor the die’s junction temperature and use this information to confirm that the device is
operated within the specified temperature range or to adjust interface timings relative to temperature
changes over time.

The temperature sensor is permanently enabled. The temperature readout uses the DRAM Info Read
feature. The temperature is internally sampled with the IRD command to Info Register Address 16 and the
corresponding digital value will be driven out on the DQ[7:0] after RL. The device’s junction temperature
is linearly encoded as shown in T4BLE §4. The sensor’s accuracy is vendor specific.

Table 84 — Info Register Address 16 — Temperature Sensor and ECS Error Flag

DQ Field Description Notes
7 ECS Error Flag | The ECS Error Flag indicates if the ECS has logged an error, the flag is cleared upon a
successful ECS log IRD readout. Check the ECS Section for more details.
Flag Status:
08 — No new ECS error logged
18 — New ECS error logged
[6:0] Temperature The 7 bits digital readout of the temperature sensor translates to temperature in degrees 1
Sensor Celsius depending on the temperature range chosen in MR8 OP7 as follows:
Range 0 Range 1
00000008 Op -40°C -50 °C
00000018 1p -38°C -48 °C
00101008 200 0°C -10°C
00101018 2lp 2°C -8 °C
00101108 22p 4°C -6 °C
001 10018 25p 10°C 0°C
101 00008  80p  120°C 110°C
101 00018  81p 120°C 112°C
10100108  82p 120°C 114 °C
NOTE 1 Temperature sensor operation is only guaranteed for temperatures within the operating range.

6.6.2 Maximum Temperature Log

The IRA17 logs the maximum temperature value as measured by the internal temperature sensor. The
default value at device initialization, after device reset or after each Info Read to Info Register Address 17
readout operation is 0 decimal (-40 °C). The stored value is compared at regular intervals with an internal
readout of the temperature sensor, and it is updated if the last readout value is bigger than the stored one.
The output is encoded in the same way as described for the Temperature Sensor readout in IRA16, please
see T4BLE 84 for details.

Table 85 — Info Register Address 17 — Maximum Temperature Log

DQ Field Description
7 RFU
[6:0] Max. Temperature Stores the maximum temperature value as it is internally logged at regular
intervals. Same encoding as for Info Register Address 16.
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6.6.3 hPPR Resources

IRA25 and 26 indicate the availability of a hPPR resource in each of the 16 banks. Refer to the /4RD POST
PACKAGE REPAIR (HPPR) section for details on how to use these IRAs.

Table 86 — Info Register Addresses 25 and 26 — hPPR Resources

DQ Field Description
any hPPR Resource 1 Availability of a hPPR resource in a bank:
hPPR Resource 2 0s — No hPPR resource available
15 — hPPR resource available

6.6.4 Serial ID

The Info Registers Addresses 32 to 39 provide up to 64 bits for a device serial identification code. The
contents, format and length of the Serial ID code is vendor specific, but all the 8 Info Registers Addresses
must provide valid data output. The 8 IRA can be read in any order.

Table 87 — Info Register Addresses 32 to 39 — Serial ID

DQ Field Description

[7:0] Serial ID-x Vendor specific
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6.7 Row Activation

Before any Read or Write command can be issued to a bank, a row in that bank must be opened (activated).
This is accomplished by the Activate command (see F/GURE 67): BA[3:0] select the bank, and R[16:0],
R[15:0], R[14:0] or R[13:0], depending on the channel density, select the row to be activated. Once a row
is open, a Read or Write command could be issued to that row, subject to the tRCD specification.

A subsequent Activate command to another row in the same bank can only be issued after the previous row
has been closed (precharged). The minimum time interval between two successive Activate commands on
the same bank is defined by tRC. A minimum time, tRAS, must have elapsed between opening and closing
a row.

A subsequent Activate command to another bank can be issued while the first bank is being accessed, which
results in a reduction of total row access overhead. The minimum time interval between two successive
Activate commands on different banks is defined by tRRD. FIGURE 68 illustrates the tRCD and tRRD
definition.

The actual row activation is initiated with the second CK4 cycle of the Activate command. All relevant
timing parameters therefore refer to this second rising CK4 clock edge as shown in subsequent timing
diagrams.

The row remains active until a Precharge command (or Read or Write command with Auto Precharge) is
issued to the bank.

CA parity is evaluated with the Activate command when the parity calculation is enabled in MR 15 OPO.

CK4 (int.)

WCK_t
WCK ¢/

CA1 :)(CABI)O(RM/V)O( BA3)O(BA1 )O(CABI)O( R7 XX R4 XX il X
cA2 :)(\//agle))(}(msNX}( R12 XX R11 XX R10 XX R8 XX 35 XX R2 XC

NOTE 1 BA = Bank Address; R = Row Address; CABI = Command/Address Bus Inversion; V = Valid (H or L but not
floating).

NOTE 2 WCK and CA are shown aligned tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 3 RI15 and R14 are either valid row address bits or Don’t Care (“V”), depending on channel density. R16 is a
placeholder and not yet allocated for any density. Refer to the ADDRESSING table for the specific row address range.

Figure 67 — Activate Command
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6.7 Row Activation (cont’d)
To T: T Ta0 Ta T2 Tro T T2 T Ta Tao Ta1
L T AT aaY Lt A BN AT U i [T
WCK_t ) 1 | - | 1
WCK _c¢ A LA ‘ ™ j ‘
CaR0] [ atsain | vara [ Actvany | vara [[[ e | vera | vai Jf] Fepox | vana [T actieis ]
CA[4:3] ] Valid l‘ Valid K Valid m Valid K‘ Valid K Valid H] RD/W‘RX x Valid m‘ Valid K Valid m Valid K‘ Valid K
A | ; |
} KL trAS | trp i
| trc |

NOTE 1 tRCD is tRCDRD or tRCDWR depending on command. In case of a Write command, the tWR timing must be met as
well before closing the bank.

Figure 68 — Row Activation Command Cycle

6.7.1 Additional Requirements Concerning a Non-Existing Row Address Range

The row address range with the MSB and MSB-1 row address bits both as 1 does not exist for channel
densities of 6 Gb, 12 Gb, and 24 Gb, and ACT commands with row addresses to that address range are
illegal. However, ACT commands that accidently address a row in this illegal row address range shall
follow all timing and protocol rules as though the ACT were valid.

Any RD or RDA command following an ACT command to the invalid row address range shall drive the
RCK with normal timing but shall not output data on the DQs that can be used to learn about data stored in
cells in any bank with valid row addresses. DQ data that coincidentally matches cell array data is
permissible, for example, always sending all 1s and cell data sometimes being all 1s. Consistently exposing
data from a previous Read or previous Activate is not permissible.

Any WR or WRA command following an ACT to the invalid row address range shall not result in new data
being written anywhere within the device.

The device will operate normally for Reads and Writes to banks which have pages open for valid rows.
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6.8 Write

Write bursts are initiated with a Write command as shown in F7GURE 69. The bank and column addresses
are provided with the Write command and auto precharge is either enabled or disabled for that access with
the AP bit (CA3-3). If auto precharge is enabled, the row being accessed is precharged after tWR(min) has
been met or after the number of CK4 cycles programmed in the WR field of MR4 OP[6:0], depending on
the implementation choice per DRAM vendor.

The length of the burst initiated with a Write command is sixteen symbols in PAM3 mode and thirty-two
bits if in NRZ mode and the column address is unique for this burst of sixteen or thirty-two. There is no
interruption nor truncation of Write bursts.

IXIDN /O<BA2>O<BI‘AO>O< AP )O( c; )O( c3 )O( Cl )O( co X

EN AP

CA4:>/ \O(BAs )O(BAl)O@APAR)O(Cé/V)O( C4 )O( C2 )O(CAPARX:

NOTES:

1) BA =Bank address; C = Column Address; CAPAR = CA Parity, V = Valid (H or L but not floating), AP = Auto
Precharge, EN AP = Enable Auto Precharge, DIS AP = Disable Auto Precharge

2) WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

Figure 69 — Write Command

Write timings are shown for PAM3 and NRZ modes in F7/GURE 70. During Write bursts, the first valid
data-in element must be available at the input latch after the Write Latency (WL).

The Write Latency is defined as
WL (MR2 OP[4:0]) * tCK4 + tWCK2DOQI

when CAPARBLK OFF (MR15 OP1 =0) or CAPARBLK ON (MR15 OP1 = 1) and implicit CAPARBLK
latency.

The Write Latency is defined as
WL (MR2 OP[4:0]) * tCK4 + CAPARBLK_LAT (MR15 OPJ[5:3]) * tCK4 + tWCK2DQI
when CAPARBLK ON (MR15 OP1 =1) and explicit CAPARBLK latency.

Where WL is the number of CK4 cycles programed in MR2 OP[3:0], CAPARBLK LAT is the number of
CK4 cycles programmed in MR15 OP[5:3] and tWCK2DQI is the WCK to DQ/DQE offset as measured at
the DRAM balls to ensure concurrent arrival at the latch. The total delay is relative to the data eye center
averaged over DQ/DQE. The maximum skew within a DQ/DQE is defined by tDQ2DQI.

GDDR?7 devices support either implicit (IRA3 DQ[3:2] = 11g); or explicit (IRA3 DQ[3:2] = 10s); or both
implicit and explicit CAPARBLK LAT (IRA3 DQ[3:2] = 00g). If the DRAM supports both, the host has
the flexibility to program the CAPARBLK LAT control register (MR15 OP6) to support either implicit or
explicit. Refer to the COMMAND ADDRESS PARITY (CAPAR) PROTOCOL section for more details and vendor
datasheets to see which method is supported.
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6.8 Write (cont’d)

The data input valid window, tDIVW, defines the time region when input data must be valid for reliable
data capture at the receiver for any one worst-case channel. It accounts for jitter between data and WCK at
the latching point introduced in the path between the DRAM pads and the latching point. Any additional
jitter introduced into the source signals (i.e., within the system before the DRAM pad) must be accounted
for in the final timing budget. tDIVW is for DRAM design only and valid on the silicon die. It is not
intended to be measured. In general, tDIVW is smaller than tDIPW.

The data input pulse width, tDIPW, defines the minimum positive or negative input pulse width for any one
worst-case channel required for proper propagation of an external signal to the receiver. tDIPW is for
DRAM design only and valid on the silicon die. It is not intended to be measured. In general, tDIPW is
larger than tDIVW.

Upon completion of a burst, assuming no other Write data is expected on the bus the DQ and DQE signals
will be driven according to the ODT state. Any additional input data will be ignored. Data for any Write
burst may not be truncated with a subsequent Write command.

Data from any Write burst may be concatenated with data from a subsequent Write command. A continuous
flow of data can be maintained. The first data element from the new burst follows the last element of a
completed burst. The new Write command should be issued after the previous Write command according
to the tCCD or tCCDSB timing. If that Write command is to another bank, then an Activate command must
precede the Write command and tRCDWR also must be met.

A Read can be issued any time after a Write command if the internal turnaround time tWTR is met. If that
Read command is to another bank, then an Activate command must precede the Read command and
tRCDRD also must be met.

A Precharge can also be issued after tWR has been met. After the Precharge command, a subsequent
command to the same bank cannot be issued until tRP is met.

A MRS command can be issued while a bank is open after tWR2MRS to program some registers. See the
MODE REGISTER SET (MRS) command section for details on what registers are allowed to be programmed
while a bank is active.

FIGURE 71 through FIGURE 78 illustrate Write operations in PAM3 mode including:
Figure 71 — Single PAM3 Write with WRCRC and CA Parity Enabled
Figure 72 — Single PAM3 Write with WRCRC Disabled
Figure 73 — Gapless PAM3 Writes, Different Banks (tCCD = 2)
Figure 74 — Non-Gapless PAM3 Writes, Different Banks (tCCD = 3)
Figure 75 — Non-Gapless PAM3 Writes, Same Bank (tCCDSB = 4)
Figure 76 — Write to Precharge (PAM3 Mode)
Figure 77 — Write to Read (PAM3 Mode)
Figure 78 — Write to MRS (PAM3 Mode)
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6.8 Write (cont’d)

FIGURE 79 through FIGURE 81 illustrate Write operations in NRZ mode including:
Figure 79 — Single NRZ Write with WRCRC and CA Parity Enabled
Figure 80 — Gapless NRZ Writes (tCCD = 4)

Figure 81 — Single NRZ Write with DQE Disabled (RDCRC, WRCRC, Severity, and Poison
Disabled)

See the DATA INTEGRITY Section for details on Command Address Parity, WRCRC, Poison, Severity, and
ERR signaling.
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6.8 Write (cont’d)

WL

WCK_c

WCK_t

Case 1: PAM3 mode

!
IWCKQDQI

DQ[9]/ DQE (mea) —ﬁﬂ%mﬂnzﬂmﬂ >@< >e<ue>e< >e<Ds>@<Dg>e<m>e<w>e<m>e<m>e<m>eﬂe<7

! ! l« 1DQ2DQI(min)

DQI9:0] / DQE (first symbol) 4)%% D1 >e< D2 H D3 A D4 >e< D5 >e< D6 H D7 A D8 >e< D9 >G<Dm%<mw AD12>€<D13>€<DMW7
|

| ‘ « tDQ2DQI(max)
DQIS0]/DQE (astsymbol) o w o1 >e< 02 >e< os >e< os >@< o5 >e< o5 >e< o7 >e< oo >e< 0o >@<m>e<w >9<D12>e<013>e<|314>%
4
T
]
|
|

Case 2: NRZ mode

tWCKZDQI

H
DQ[7:0]/ DQE (mean) WX D1 XX D2 XX D3 XX D4 XX D5 XX D6 XX D7 XX D8 XX D9 XXMOXXDMXXDQXXDwXXDMWmsXXDWXXDWXXD@XXDWXXDMXX021XXDzzXXDstXDzAXXDzﬁXXDzeXXDNXXDz&XXngXX DSUMX
L

; > I« 1DQ2DQI(min)

DQ[7:0]/ DQE (first bit)

"1 1* tDQ2DQI(max)

‘
!
|
. :
DQ[7:0]/ DQE (last bit) w D1 XX D2 W D3 W D4 XX D5 W D6 W D7 XX D8 XX D9 W[MO WDM XXD12 XX[MG WDMWD15XXD1GW D17XX D1BWD1QWDZOXXD21XXD22WD2SW DZAXX DQSXX DQGW D27WDZSXX DZQXX DGOWX
.
:
!
|

NOTES:
1. WL is the Write latency programmed in Mode Register MR2.

2. tWCK2DQI parameter values are positive numbers and could be less than 1 nCK4 as illustrated or more than 1 nCK4 depending on design implementation, and can vary across
PVT. Data training is required to determine the actual tWCK2DQI value for stable Write operation.

3. tDQ2DQI defines the minimum to maximum variation of tWCK2DQI within DQ/DQE.

Figure 70 — Write Lane Timings
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6.8 Write (cont’d)

CK4 (int) ooy
T |
| |
o

WCK
|
| | | | | | |
mr Inlm mr mr nM m nr Imim
Row C°Q,T[g%d] C Valid Valld Valid Valid Valid Vaid | vaiid Valid Valid Valid
} /g v L ) I I L )
| | | | |
l—\l—\l—\r"\r—\l—\ I Im'm) Im'm) In'm) r—\r—\ r—\r—\ In'm)!
Column C°QX‘T§ Write m Valid Valid vaiid VaI|d Valid Vaiid Vvalid Valid
[4:3] LIy g ]
| | \
|
P WL =9 N WRCRC2ERR = 14
hal Ll
|
|

|
|
o
w I I
|
|

I
I
I
I
I
|
T
DQ[e:0]  ° }
I
|
T
I
|
I

T
I I I
I I I \ I
I I I I |
I I I I ‘h |
I I I I I
| | | | |
T T T INNNANANNT V T T T
| I | IS0 m ... S15 mi-|-1 I | |
Kl I | I I |
I I I I I \ I I
| | | | | | | |
*“ T T T NNNNANANAEY YT T T T
DQE 0 | I | —l-fDQEO m ... DQE 15 m{-|-{ I i |
El ! | | LKKLKRAJJJJJJJJJJ\ | |
| I I I I I I I
| CAPAR2ERR =3 | | | | | | | |
D A I I I I I I I
| |
} ! CAPARZ2ERR = 3 ! } } } } } }
I I I I | I I I I I
I I I I +1 [ I I I I I I

+1 = + + + + + + + + t \

e e e s =
e |

NOTES:

1. WL =9 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and
AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.

3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

4. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

5. At TO thru T23, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Write command is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR)
section for more details.

6. At T24, the ERR output has +1 (no error), 0 (WRCRC error), or -1 (CA Parity error) as possible outcomes. All outcomes
shown for illustration purposes. CA parity will be signaled if both a CA parity and a WRCRC occur in the same cycle.

7. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with
14 nCK4 digital and 0 ns analog output delay.

8. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3
nCK4 digital and 0 ns analog output delay.

Figure 71 — Single PAM3 Write with WRCRC and CA Parity Enabled
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6.8 Write (cont’d)

CK4 (int)
WCK

| | | | | | |

mr Inlm mr mr nM m nr Imim

Row C°Q,&“[3%d] C Valid Valld Valig Vvalig Valid Valid Valid Valid Valid valid

: L ) g I g
l—\l—\l—\r"\r—\l—\ Im'm) Im'm) I In'm) r—\r—\ r—\r—\
Column Command Write m VaI|d Vvaid | vaidl| | valid x Vaiid * Valid x Valid x Valld
[4:3] (IR it |

| | | | | | \ \ \ |
| | | | | | | \ | | |
| | I WL=9 | | | | | | | |
| < | | | R | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
+ T T T T T lAARARA AR \\ T T T
DQ[9:0] 0 1 I I | I CIlSOm ... S15 mj=|=|! I I I
A | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
. T T T T T\ T T T T T
DQE 0 | I I | | I i I
K | | | | | | | |
| | | | | | | | | | |
| CAPARZERR = 3 | | | | | | | |
< > | | | | | | |
} ! CAPARZ2ERR = 3 ! } } } } } }
| | | | | | | | | | |
| | | | +1 | +1 | | | | | |
+1 = + + + + + + + + + +
ERR o ! [ | | I | | | | | |
4 | | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |

NOTES:

1. WL =9 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and
AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.

3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

4. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

5. At TO thru T14, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Write command is shown for illustration purposes. See the COMMAND ADDRESS PARITY (CAPAR)
section for more details.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3
nCK4 digital and 0 ns analog output delay.

Figure 72 — Single PAM3 Write with WRCRC Disabled
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6.8 Write (cont’d)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12

|
|
P ! \ ! \ ! Y ! Y ! \ ! Y ! Y ! Y ! Y ! Y ! \ ! \ 3
CRalin) % 4 4 A4 a4 A A hd hd i hd L
| | |
| | |
| | |

WCK
| |
|
mrMm
Row COmR’Z."d Valld Valld Vahd Vahd Vahd Valid Vahd Vahd Valld Vi Vaid VaIld
CAIZ0] (] i i
[ |
I_\I_\I_\I'L\I_\I_\ r—\r—\r—\rHr—\r—\ alm) nr alm) T
Column Cogl&nipéi Write m Write n Valid Valid Valid VaIld Valld Va||d Valld Valld
[4:3] VLol Tl W \_l\_l\_lLrl\_l\_l I/ I/ ]
| | b wi=4 | | | | WRCRCIERR=4 | | | |
| [ [ [ [ [ [ [ [ \ | | |
| | | | | | | | | | | | |
| | tcch =2 ‘ Pwe=4 ! ‘ ‘ ! WRCRC2ERR=4 ! ‘ |
\ | | | | | | | | | | | \
\ \ \ \ \ \ \ \ \ \ \ \ \
| | | | | | | | | | | | |
\ \ \ \ \ \ \ \ \ \ \ \ \
| | | | | | | | | | | | |
1 =L | | | | | | | | | | | |
| | | | | AR RARARI | | | |
DQ[9:0] © \ \ [ [ ST RSE R o \ \ [ \
A ‘ i i \ | i | \
| | | | | | | | |
ol l l l l l l l l
DQE © | | I | I | I I
A i ! i i 1 \ 1 \
| | | | | | | | | | | | |
| CAPARZERR = 3 [ \ \ \ \ \ | | | |
I M E— I I I I I I I I I
A N
| | | | | | | | | | | | |
| ‘
N e e
| | \ | | | | | | | | | |
[ [ [ | CAPARZERR = 3 [ | | | | | |
I I I 1 > I I I I I I
| | | | | | | | | | | | |
| | | | +1 | +1 | +1 | +1 | | | | | |
+1 = T T T T T T T T T T T U
ERR o | | | | | | | | | <—) ‘—>
4 | \ | \ J \ J \ ) \
| | | | | | [ | | | \ | |
[ [ [ [ [ [ [ [ [ [ [ [ [
NOTES:
1. WL =4 is shown for illustration purposes. Actual supported values will be found in the MopE REGISTERS and AC TIMINGS
sections.

2. An Activate (ACT) command is required to be issued before the Write commands and tRCDWR must be met.
3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

4. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

5. At TO thru T8 and T10, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA
Parity. No error (+1) for the Write command is shown for illustration purposes. See the COMMAND ADDRESS PARITY
(CAPAR) section for more details.

6. AtT9 and T11, the ERR output has +1 (no error), 0 (WRCRC error) or -1 (CA Parity error) as possible outcomes. All
outcomes shown for illustration purposes. CA parity will be signaled if both a CA parity and a WRCRC occur in the same
cycle.

7. Gapless Writes must be to different banks as tCCD =2 <tCCDSB.

8. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with
4 nCK4 digital and 0 ns analog output delay.

9. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3
nCK4 digital and 0 ns analog output delay.

Figure 73 — Gapless PAM3 Writes, Different Banks (tCCD =2)
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6.8 Write (cont’d)

CK4 (int) {
|
|
|

WCK
0L [ 8 O 0 0 O O O O O 8 O 3 O 0 8 3 O O 0 O O O OO O 0 O 0 O 0 O O
\ | | | | | | | | | | |
| | | | | | | | | | |
Row Command I_\I_\I_\I'“\I_\I_\ M\ M\ M mm AV M\ M\ M M\ M

CA20] Valid Valid Valid Valig Valid Valid Valid Valid Valid Valid
' \_I\_l\_l\_l\_l\_l )} )} ] s I I T}
| | | i i i i i
I_\I_\I_\I'L\I_\I_\ nr IV I Inm! I Inm!
Column Command Write m Valid Write n Valld VaIld VaIld Valid valid valid Valid
[4:3] (UL O [ I (I i S I ] e rw} ]
| | | | | | | | |
| } DwL=4 | ‘ WRCRC2ERR = 3 | | | | |
| | \ \ \ | i i | | | | |
| | | | | | | | | | | | |
! ! tRCDWR =3I ! \ I WL=4 | [ WRCRCZ2ERR = 3 [ !
| | | | | | | | | | | | |
| | | o | | | | | | | | |
| | tcCh =3 | | | | | | | |
| | | | | | | | | | | | |
+1 | | | | | | | | | | | | |
| | | | | AR R AR AL | nnnnnnrT | | |
DQ[9:0] © i | | | CF1SOm ... $15 mi-f1] | Il SOn ... $15 n -, | |
A I I I I I I I I
\ \ \ \ \ \ \ \ \ \ \ \ \
+1 L L L L L L L L L L L L
| | | | | AR RAARRARAI | , AR ARARRRARAI | | |
DQE 0 | | | | | ——DQEOm...DQE15m——‘ —|-] DQEOn ... DQE15 n ——‘ | |
T I I I | I | I I
l_ CAPARZERR=3 | l l l l l l | | |
| | | | | | | | | | | | |
| | CAPARZERR = 3 | | | | | | | | |
| I Y E— | | | | | | | |
} } } } CAPAR2ERR =3 | } } } } } }
e B o
| | | | | | | | | | | | |
| | | | | CAPARZERR = 3 \ | | | | |
I I I I I e m— I I I I I
| | | | | | | | | |
| | | | | | | | |
| | | P +1 +1 oy | | | |
T T T T T
ERR 0 } | | I
| | | | |
| | | | |
| | | | |

NOTES:

1.

WL =4, tCCD = 3 and tRCDWR = 3 are shown as examples for illustration purposes. Actual supported values will be found
in the MODE REGISTERS and AC TIMINGS sections.

. An Activate (ACT) command is required to be issued before the first Write command and tRCDWR must be met. Non-

gapless Writes with tCCD = 3 must be to different banks as tCCD < tCCDSB.

3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be

center aligned at the balls.

. At TO thru T7, T9 and T10, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating

CA Parity. No error (+1) for the Write command is shown for illustration purposes. See the COMMAND ADDRESS PARITY
(CAPAR) section for more details.

. At T8 and T11, the ERR output has +1 (no error), 0 (WRCRC error) or -1 (CA Parity error) as possible outcomes. All

outcomes shown for illustration purposes. CA parity will be signaled if both a CA parity and a WRCRC occur in the same
cycle.

. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with

3 nCK4 digital and 0 ns analog output delay.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3

nCK4 digital and 0 ns analog output delay.

Figure 74 — Non-Gapless PAM3 Writes, Different Banks (tCCD = 3)
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6.8 Write (cont’d)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10
| | | | | | | | | | |
| | | | | | | | | | |
lr=====y lr=====y [ ===y lr=====y Ir===emy Ir===emy lr===emy Ir===emy lr===emy Iz

: ! ! ! \ ! ! ! ! ! \ ! ! \ 3
okading - p 4L i A VU R WY A W ioh I VU TR VY R WY SR V.
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
Yy Y Yy Yy Y Y Yy Yy Yy Ty ey Yy Yy O Yy o Yy Yy Yy Yy Y iy Y iy Yy Yy oy oy vy Yy Yy Yy Yy 'y Y Yy Y Y Yy ey ey Yy Y Yy ey Y e Yy oy
WCK

1L 0 (0 (I COL O L O 0 O O () (O (O O O O W ) (O (O O (O (O O 8 ) O [ [ (Y O I 0 ) (O (0 (3 (O (O ) Y

| | | | | | | |
M\ M\ M mr M\ M\ M\ M

Inim alm)
Row 0031“[3.”0"] C Valid Valld Vvaig | vaiid Valid valid Yaid )\ valid | vaiid Valid Valid Valid
) v I I I JJ
| | |
I_\I_\I_\I'L\I_\I_\ l_\I_\I_\I'L\I_\I_\ nM nM nM
Column Command Write m VaI|d Valld Write m VaI|d VaIld Valld valid valid valid
[4:3] LU | \_I\_I\_I\_’J\_I\_I v e n Ao
| | | | | | |
} | = ! WRCRCZERR = 4 ! } } }
| | | | | | | | | | | | |
| | | | | | | | | | | | |
! ! | tCCDSB =4 ! WL=4 | | ! ! ! !
| | | | | | | | | | | |
| | | | | | | | | | | |
o f f f f uuuuuuuuu f f NN f f
DQ[9:0] © } ; } ; } (SO m ... S15 mi-|H+ } ; SISO m ... S15 mi-H ; }
T | I I | | | | |
| | | | | | | | | |
+ T T T T T ""llllllllll'llll\l T T A RARARRRALI T T
DQE O | | | | H—lDQEOm . DQE15 ml—l " | --IpQE0 m ... DQE15 m - |
A | | | | | | | | |
| | | | | | | | | | | | |
| CAPAR2ERR =3 | | | | | | | | | |
| | | | | | | | |
D e e HC A S TN A R RN S N
| |
! ! ! ! CAPAR2ERR = 3 ! ! ! ! ! !
B e
| | | | | | | | | | |
| |
! ! ! CAPARZERR = 3 ! ! ! ! !
| | | | | | | | |
| | | | | | | |
| | +1 | | +1 +1 | | | |
| | | | | | | |
| | | | | |
| | | | | |
| I | | | I
| | | | | |

|
|
| |
| |
| |
| |
| +1 |
L L
| |
| |
I I
| |

|

NOTES:

1. WL =3 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and

AC TIMINGS sections.

center aligned at the balls.

An Activate (ACT) command is required to be issued before the first Write command and tRCDWR must be met.
3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be

At TO thru T8, T10 and T11, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating

CA Parity. No error (+1) for the Write command is shown for illustration purposes. See the COMMAND ADDRESS PARITY

(CAPAR) section for more details.
for illustration purposes. CA parity is signaled if both a CA parity and a WRCRC occur in the same cycle.
4 nCK4 digital and 0 ns analog output delay.

nCK4 digital and 0 ns analog output delay.

Figure 75 — Non-Gapless PAM3 Writes, Same Bank (tCCDSB = 4)

At T9, the ERR output has +1 (no error), 0 (WRCRC error) or -1 (CA Parity error) as possible outcomes. All outcomes shown

Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with

CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 3
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6.8 Write (cont’d)

CK4 (int)
WCK
| | | | PREpb | |
MM MM MM My MM MM, M
Row G| Vvaig ) vaid ) valid Valid Valig Valld Valld x Valld Valld PRE vaiid
} /L ] Iy v
} } } PREab } }
| | \ \ \ | | |
| | | | | | | |
AR AAAE AR menEana R R s R
Column Command Write m Valid Valid Valld Valld Valid Vaiid Valid Vaiid Valid
[4:3] \_l\_l\_,.l\_l I I I I I I i
| | | | | | | |
\ I wL=6 ! \ \ I WR=3 | I P | \
\ *\ \
| | | | | | | | | | | |
| | | | | | | | | | | |
T T T T \NNNANANNT T T T T T T
DQ[9:0] © ; ; } ; —f-lSom ... S15 m---} } ; ; } ;
A
| | | | | | | | | | | |
| | | | | | | | | | | |
T T T T NNNANNNNNNT T T T T T T
DQE © | ! 1 ‘—Hmeo m... DOE15 ml—l—h 1 ! | | !
R | | | | | | | | |
| | | | | | | | | |

NOTES:

1. WL=6 and WR = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopE
REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.
3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

4. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

Figure 76 — Write to Precharge (PAM3 Mode)
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. ’
6.8 Write (cont’d)
To T2 T3 T7 T8 To T10 hekl T12
I I I
I I I
= | -
CK4 (int) i { ! i
| | i | | I |
I I I I I I I
alaWalnall VY Y YY) | alsl r‘ YO YY) r‘ el sl 11‘ T Ol O r‘ W alal
WCK
(bt | it f \ f A f |
I I I I I I I ! I I
| | | | | | | |
mn M i mm —r mm mr MM
Row o Valid Valid CXZ Valid :Xj Valid Vahd Valid Valid Valid Valid Vi VathXj Valid Vaiid CX:)
! [ I [ /! Jo ) ! (i) (i) I
i i i i I I I i
mr mm mr M mr M 'mnlmnt mMm . mr | mrHr
Column CO’&“/TT:E Write Valid Valid Valid Valid Valid Valid Valid Read | Valid Valid x Vahd Vahd Vi Valid
[4:3] L] (a, (W (nwl (T} oo T R OR[N B R
I I I I I I I I I I I I I I
v e re e rerer Frerererere e re e re e ry rere e ererene e e renenenenenl mJ RaR AR ,4 RaRaRsRaRARSRARRARARaRARA]
o ]
I I I I I I I I I I I I I I I I
I I 5 I I I I tWTR=3 | I I Rl =20 | I S = I I I
! | wi=6 | N ! tWTR = 3 ! | RL=20 ! DQERL = 2 ! !
I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I
" ; ; . . ; ; ; ; ; ; . . I ; ;
| | | Y LLAAARARAI RN | | | | | A _|l\l|l\l|l'\l|l\l_ A | |
DQ[9:0] ? 1 | | SOm ... S15 m| 1 1 1 | 1 1 SOn...S15n | 1
T i i I I I i I I I i I I I
I I I I I I I I I I I I I ! I I
AR ARARARAA AR RARARARAI
DQE © ; } } ‘--.DQEOm...DQEﬁ ml-k; } } ; } } } ; H- DQEOn . DQE15nH-I
T I I T T I I I I I I I I I i I
CAPAR2||RR = 2 | | | | | | CAPARZHFR = 2 ! ! ! ! ! !
I | ! ! | | [N I | | | | |
! CAPARERR = 2 } WRCRC2ERR - 3 I ! ! CAPARZERR =2 ! ! ! ! !
R E— <
I I | | I I | I I | I I I I I I
| | +1 |+l | | | | +1 | | | +1 |+l | | | | |
+1 T T T T T T T T T T T T T T T T
ERR 0 | I I | | I I | I I | | | I I
a4 | | | | | | I | I | I | | | |
I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I

1. RL=20,tWTR =3, WL =6, DQERL =2 are shown as examples for illustration purposes. Actual supported values will be
found in the MoDE REGISTERS and AC TIMINGS sections.

respectively, must be met.

tWCK2DQO = 0 are shown for illustration purposes.

center aligned at the balls.

. An Activate (ACT) command is required to be issued before the Read and Write commands and tRCDRD and tRCDWR
. Write Latency = WL * tCK4 + tWCK2DQI. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA, tWCK2DQI,
. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be

. At TO thru T7 and T8 thru T17, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only

evaluating CA Parity. No error (+1) for the Read and Write commands is shown for illustration purposes. See the CommAND
ADDRESS PARITY (CAPAR) section for more details.

3 nCK4 digital and 0 ns analog output delay.

nCK4 digital and 0 ns analog output delay.

Figure 77 — Write to Read (PAM3 Mode)

. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with
. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2

. Write and Read commands are 2 cycle commands but shown with time breaks for illustration purposes.
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6.8 Write (cont’d)

CK4 (int)
WCK
I I I I I I
mM I_\I_\I_\I'"\I_\I_\ M mnM My Imm)
Row Commerd C Valid x Valld Valld Valid Valld Valld Valid Valid Valid Valid
: I\ \_l\_l\_l\_l\_l\_l (e (e J
| | | |
Column Command I_\I_\I_\IJ'\I_\I_\ MM mMm Im'm! M mr
CA[4:3] Write m Valid Valid Valld VaIld CNOP1 CNOP1 Valld Valid Valid| Write
: AT [ (] (g (T o
| | | | | | | | | | | |
I I I I I \ I I I I I I I
I I | WL=4 I I I I I I I I I
I I I I I | I I I I I I I
I I I I I I I I I I I I I
I I I I RS = I I I I I I I I
| € ‘ ' tWR2MRS =86 ‘ ‘ b g ‘ ' tvoD ! |
I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
| | | | | | | | | | | | |
T T T T T INANNAAANT T T T T T T
DQ[9:0] I I I | I H-HSom ... S15 miHHH)1 I | I I I
| | I | I | I | | I |
I I I I I I I I I I I I I
, | | | | | | | | | | |
T T T T T INNNNNANANANT T T T T T T
DQE © | | | | ~I-IDQEO m ... DQE15 m =[] | | | I | I
A - | | | | | ! | | ! |
I I I I I I I I I I I

NOTES:

1. WL =4 is shown as an example for illustration purposes. Actual supported values will be found in the MODE REGISTERS and
AC TIMINGS sections.

. tWR2MRS = tWR2MRS(min) = 6 is shown as example for illustration purposes. tWR2MRS(min) = WL + BL/S.
A MRS command while a bank is active is only legal to certain MR. See the MoDE REGISTERS section for details.
. An Activate (ACT) command is required to be issued before the first Write command and tRCDWR must be met.
. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

Figure 78 — Write to MRS (PAM3 Mode)
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6.8 Write (cont’d)

TO T T2 T3 i T8 T9 T10 ™ T12 T13
| | | | | | | | | | |
| | | | | | | | | | |
T e U e T e T | e T e W = S S T Ir-
; ! ! ! ! ! \ ! ! { ! ! ¥
CKa@in) 4y A A A A IR W | R A A I Y R i R i
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
Y Yy Y Y Y Y Y Y Yy O Yy Yy 'y Yy e iy Yy Yy Yy vy Yy Ry O Yy Yy oy Yy Y Yy Yy Yy Yy vy Yy Yy vy Yy Y ey Yy Y Yy e ey
wex WNWWNWWUUWWWUWW
\ | | |
| | |
MM mMm MM MM MM M M I
Row Comrmand Vaid | vaig f vaid [ vaid ||} vaid | vaid Valld Valld Valid Vaiid
| | |
I—\r—\r—\r"\r—\r—\ Imim MM mnr mnr I—\r—\ r—\r—\ Im'm mnr
Column C°@/Ti_”§ Write m Valid Valid Valid Valid Valid Valid Valid Valid
[4:3] oo Ao n A i oo n Acien Aocin Ao Acion o
| | | | | | | | | |
| | | | | | | | | | |
\ I I WL=6 | \ \ WRCRCZ2ERR = 5 \ [ \
| R I I ‘M |
| | | | | | | | | | |
| | | | | | | | | | |
H = T T T
Lo | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
H -t | | t | i I | i t |
DQ[9:8] - e —_— e — - — - - - - ] —
) | | | | | | | | | | |
L \ | \ \ \ i \ \ i \
| | | | | | | | | | |
| | | | | | | | | | |
M i i i ‘ ‘ ‘ : i i i
DQE | | | | " “ DQEOm ... DQE31 m """' | |
L | t t I t |
| | | | | | | | | |
| CAPARZERR =2 | ‘ uJ N N — ‘ ‘
} } ! } PSN/SEV } crc-even crc_odd } } }
! CAPARZERR = 2 ! ! | ! ! ! !
| | | | | | | | | | |
| | | +1 |+ | | | | | | |
T T T T T T T T T
ERR 0 4 I | | | | I I | !—,
1 - | | l | | l | | 1 |
| | | | | | | | | | |
| | | | | | | | |

NOTES:

1. WL = 6 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and
AC TIMINGS sections.

N

An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.

Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

5. At TO thru T11, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Write command is shown for illustration purposes. See the ComMmAND ADDRESS PARITY (CAPAR)
section for more details.

6. At T12, the ERR output has +1 (no error), 0 (WRCRC error) or -1 (CA Parity error) as possible outcomes. All outcomes

shown for illustration purposes. CA parity will be signaled if both a CA parity and a WRCRC occur in the same cycle.

When the PAM3 register (MRO OP8) is set to NRZ mode, DQ[9:8] are turned off on the GDDR?7 device.

Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes, WRCRC2ERR is shown with

5 nCK4 digital and 0 ns analog output delay.

9. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2
nCK4 digital and 0 ns analog output delay.

10. When the PAM3 register (MRO OPS8) is set to NRZ mode, DQE bit positions [7:2] =6b111111.

11. When the PAM3 register (MRO OP8) is set to NRZ mode, the CRC is PAM3 coded and the binary representation is
transmitted on the DQE signal at bit positions [19:8] for crc_even and bit positions [31:20] for crc_odd.

» oW

® N

Figure 79 — Single NRZ Write with WRCRC and CA Parity Enabled
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1. WL =6 and tCCD = 4 are shown as an example for illustration purposes. Actual supported values will be found in the MopE
REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the first Write command and tRCDWR must be met.
3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

N

O 0 3 N W

. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

. When the PAM3 register (MRO OP8) is set to NRZ mode, DQ[9:8] are turned off on the GDDR7 device.

. Gapless Writes in NRZ mode could be to any bank as tCCD = tCCDSB =4.

. Write commands are 2-cycle commands but are shown with time breaks for illustration purposes.

. When the PAM3 register (MRO OP8) is set to NRZ mode, DQE bit positions [7:2] =6'b111111.

. When the PAM3 register (MRO OP8) is set to NRZ mode, the CRC is PAM coded and the binary representation is transmitted

on the DQE signal at bit positions [19:8] for crc_even and bit positions [31:20] for crc_odd.

Figure 80 — Gapless NRZ Writes (tCCD = 4)
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6.8 Write (cont’d)
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NOTES:

1. WL = 6 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and
AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.
3. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.

4. For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be
center aligned at the balls.

5. DQE is disabled using MR5 OP10 (DQE_HZ). DQE can be turned off when RDCRC (MR0O OP3), WRCRC (MRO OP4),
Severity (MRO OP9) and Poison (MRO OP10) are disabled in the Mode Registers. If the host still requires Severity, MRS
OP9 (SEV2ERR) enables the host to receive severity information on the ERR signal.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

Figure 81 — Single NRZ Write with DQE Disabled (RDCRC, WRCRC, Severity, and Poison Disabled)
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6.9 Read Clock (RCK)

GDDR7 SGRAMs provide a Read Clock signal (RCK) per channel, on the RCK tand RCK c signals. The
RCK drives out a clock pattern in phase (edge aligned) with the DQs, that can be used by the host to latch
read data. The RCK can be set to operate as a differential or as a single ended signal, as selected by the
RCK TYPE bit in MR9 OP2. When configured as single ended, only the RCK t signal toggles while the
RCK c is kept High-Z.

The RCK signals toggle between high and low levels; in PAM3 mode it can be configured to full swing or
half swing by setting the RCKLEVEL bit in MR9 OP3 to Og or 1g, respectively. In NRZ mode MR9 OP3
is ignored and the RCK always toggles H/L full swing.

When RCK is disabled both RCK signals are set to High-Z. RCK can be enabled or disabled by setting the
RCKMODE bits in MR9 OP[1:0] to one of the following values:

e MR9 OP[1:0] = 005 : RCK Disabled (default).
MR9 OP[1:0] = 115 : RCK Always On. RCK toggles at WCK rate as a free running clock.

e RCK start/stop: There are two RCK start/stop modes, which differ in the command that starts the
RCK, as described in the RCK start/stop modes section below.

It is not allowed to switch directly between different active RCK modes. Instead, the host must first change
to RCK Disable mode and wait for tMOD prior switching to a different RCK mode.

Once RCK always on mode is enabled, host is not allowed to change MR9 OP[11:2], MR12 OP[11:10]
fields until RCK mode is disabled. If RCK start mode with Read (MR9 OP[1:0]=013) is selected and RCK
starts toggle starts with Read (RD, RDA, IRD, RDTR or RDWTEC) command, host must issue RCKSTOP
command to GDDR7 SGRAM and wait tRCKSTOP2MR9 12 to program any setting in MR9 or MR12. If
RCK start/stop mode with RCKSTRT command (MR9 OP[1:0 ]=10g) is selected and RCK starts toggle
starts with RCKSTART command, host must issue RCKSTOP command to GDDR7 SGRAM and wait
tRCKSTOP2MR9 12 to change any settings in MR9 or MR12.
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6.9.1

64

RCK Always On

RCK can be configured to Always On by setting RCKMODE in MR9 OP[1:0] to 115. When set, the RCK
signals will asynchronously transition within tMOD from High-Z to start toggling at WCK rate, as shown

in FIG

RCK_t
RCK c |~~~ 4 Ji

NOTE 1

URE 82. RCK will keep toggling until one of the following events occurs:

The host changes from RCK Always On to RCK Disabled: RCK will transition asynchronously
from toggling to High-Z before tMOD expires.

The channel enters sleep mode: the RCK signals will transition asynchronously from toggling to
High-Z within tCPDED time after the SLE or SRSE commands are issued. The RCK will
automatically resume toggling upon Sleep Exit, during tRCK_AON_SLX.

Channel enters CA training: the RCK will transition asynchronously from toggling at WCK rate to
toggling at CK4 rate during tCATE. Upon CA training exit RCK will asynchronously resume
toggling at WCK rate during tRCK_AON_CATX.

When CAPARBLK is enabled (MR15_OP1=1g) and GDDR7 DRAM is in RCK always on mode
(MR9 OP[1:0]=118), GDDR7 DRAM RCK will continue to toggle at WCK rate until
tCAPAR UNLOCK expires if CA parity error occurs. During tCATE2RCK, the GDDR7 DRAM
RCK toggling will asynchronously transition from WCK rate to CK4 rate. The asynchronous
transition may include stopping the RCK. First nCK4 pulse may be incomplete. The toggling will
resume automatically upon CA training exit during tRCK_AON_ CATX as described above.

| | |
I I ; | |
CA[2:0] | s @examayson | valid | Vahd[” Valid l Validju s eexcpissies) | Valid | Valid| || valid l
T ) ‘ o+ ; 7z ‘
‘- U= e ‘ |

I -

tMODRCK | ‘ tMODRCK

(:) Undefined

After the MRS command that switches from/to RCK Always On and RCK Disabled, RCK starts/stops toggling asynchronously at an
undefined time during tMOD. There could be incomplete pulses during the enable and disable transitions.

NOTE 2 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for

timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 82 — RCK Always On Enable/Disable Timings



JEDEC Standard No. 239D
Page 165

6.9.2 RCK Start/Stop Modes

The average operating power can be reduced if RCK is enabled only during the periods when it is needed.
GDDR7 SGRAMs provide RCK modes that allow to synchronously control the RCK start/stop toggling.

There are two different RCK start/stop modes that differ in the command that triggers the start of RCK:

e RCKMODE with MR9 OP[1:0] = 10g: RCK starts only with the RCKSTRT command; Read
commands do not trigger RCK, the host needs to take care to set the RCK to toggle by timely
issuing an RCKSTRT command.

e RCKMODE with MR9 OP[1:0] = 01g: RCK starts triggered by any Read command (RD, RDA,
IRD, RDTR, RDWTEC), RCKSTRT is not allowed in this mode.

In both modes, an RCKSTOP command is required to synchronously stop the RCK and set the RCK signals
back to High-Z. Please check FIGURE 83 for the RCKSTRT and RCKSTOP commands encoding. The
RCK must be properly stopped before changing RCKMODE and before entering any Sleep modes or CA
training mode ( SLE, SRSE or CATE commands). In a CA Parity Block event, if RCK is toggling it will
continue to toggle at WCK rate until tCAPAR _UNLOCK expires. During tCATE2RCK, the GDDR7
DRAM RCK toggling will asynchronously transition from WCK rate to CK4 rate. The asynchronous
transition may include stopping the RCK. First nCK4 pulse may be incomplete. The RCK may also stop
during tCAPAR UNLOCK if the Valid command before the tCAPAR_UNKNOWN is a RCKSTOP
command. In this case the RCK will stop and transition to High-Z per the RCKSTOP procedure as outlined
in the READ CLOCK (RCK) section before transitioning to CK4 rate no later than tCATE2RCK. The RCK
signals will remain High-Z after tCATX until the host issues an RCK start command.

CK4 (int.)
WCK_t \,

m ‘Qxx‘*xx”xx”xxx
2 ) O OCD0EROCO0C0E0EC

RCK Start (RCKSTRT)

CK4 (int.)

WCK_t \,
WCK_c

cABywvafmxxxx‘xx‘xxx
s O _OCD0EBOCO0CD0C0@C

RCK Stop (RCKSTOP)

NOTE I WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset between WCK
and CA.

Figure 83 — RCKSTRT and RCKSTOP Commands

A time tMOD after the RCKMODE (MR9 OP[1:0]) bits are set to one of the RCK start/stop modes, the
host can synchronously start the RCK with the proper RCK start command. RCKSTRT and RCKSTOP
commands are allowed in bank active, bank idle, SRF with TR = H and REFab with TR = H. RCKSTRT
and RCKSTOP commands are illegal in RCK Always On and RCK Disabled Modes.
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6.9

Read Clock (RCK) (cont’d)

RCK Start/Stop Preambles, Postambles and Timings

In both RCK Start/Stop modes, RCK is started with a staggered sequence of preambles that ends up with
the RCK toggling at WCK rate. The duration of the pre- and post- ambles are programmable via RCKEN,
RCK LS and RCKSTOP LAT in MR, please refer to the MODE REGISTERS section for details on the
allowed ranges and values.

FIGURE 84 shows how RCK starts and stops toggling and the different timings and latencies involved:

1.

RCKEN, MR9 OP[7:3]: the programmable synchronous RCK Enable latency involves an initial
asynchronous preamble that allows to transition from High-Z to Static levels. The value
programmed in the RCKEN register may depend on whether CAPARBLK is enabled or disabled
(MR15 OP1).

RCK Enable latency is defined as
RCKEN (MR9 OP|[7:3])

when CAPARBLK OFF (MR15 OP1 = 0) or CAPARBLK ON (MR15 OP1 = 1) and implicit
CAPARBLK Ilatency.

RCK Enable latency is defined as
RCKEN (MR9 OP|[7:3]) + CAPARBLK_LAT (MR15 OP[5:3])
when CAPARBLK ON (MR15 OP1 = 1) and explicit CAPARBLK latency.

GDDR?7 devices support either implicit (IRA3 DQ[3:2] = 11); or explicit (IRA3 DQ[3:2] = 10s);
or both implicit and explicit CAPARBLK LAT (IRA3 DQ[3:2] = 00g). If the DRAM supports
both, the host has the flexibility to program the CAPARBLK LAT control register (MR15 OP6)
to support either implicit or explicit. Refer to the CAPAR wiTH COMMAND BLOCKING
(CAPARBLK) section for more details and vendor datasheets to see which method is supported.

The duration of this RCK2LZ preamble is defined as tRCK2LZ = MAX(x ns, y nCK4) and there
is no minimum tRCK2LZ specified. After tRCK2LZ, RCK t and RCK c drive low and high
levels, respectively. RCK remains in static preamble during tRCK_ST until RCKEN expires, the
minimum allowed tRCK_ ST is 4 nCK4.

RCK LS, MR9 OP[2]: The Low-Speed preamble is the time that the RCK will be toggling at half
WCK rate before transitioning to full WCK toggling rate. The Low-Speed toggling preamble is
controlled via the RCK_LS bit in MR9 OP[2] and can be set to either skip (disabled) with MR9
OP[2] =03 or to 2 CK4 cycles (4 RCK cycles) duration setting MR9 OP[2] = 1.

tRCK_HS is the duration of the High-Speed toggling preamble, from the end of the RCK LS
preamble to the first data out on the DQs, or to the RCKSTOP command in the case that there is
no read operation between RCKSTRT and RCKSTOP commands. The minimum allowed
tRCK_HS is vendor specific.
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6.9 Read Clock (RCK) (cont’d)

4. RCKSTOP_LAT, MR9 OP[11:9] is the programmable latency that defines the number of CK4
cycles from RCKSTOP command to stop toggling the RCK signals. The value programmed in the
RCKSTOP_LAT register may depend on whether CAPARBLK is enabled or disabled (MR15
OP1).

RCK Stop latency is defined as
RCKSTOP_LAT (MR9 OP[11:9])
when CAPARBLK OFF (MR15 OP1 = 0) or CAPARBLK ON (MR15 OP1 = 1) and implicit
CAPARBLK Ilatency.
RCK Stop latency is defined as

RCKSTOP_LAT (MR9 OP[11:9]) + CAPARBLK LAT (MR15 OP[5:3])

when CAPARBLK ON (MR15 OP1 = 1) and explicit CAPARBLK latency.

GDDR?7 devices support either implicit (IRA3 DQ[3:2] = 11g); or explicit (IRA3 DQ[3:2] = 10g);
or both implicit and explicit CAPARBLK LAT (IRA3 DQ[3:2] = 00g). If the DRAM supports
both, the host has the flexibility to program the CAPARBLK LAT control register (MR15 OP6)
to support either implicit or explicit. Refer to the CAPAR wiTH COMMAND BLOCKING
(CAPARBLK) section for more details and vendor datasheets to see which method is supported.

When RCKSTOP_LAT expires the RCK signals are set to static levels (RCK t Low, RCK ¢ High)
and will remain static for at least the vendor specific duration of the static postamble tRCK2HZ
before transitioning to High-Z.

5. tRCKST2SP is the time between the RCKSTRT command and the RCKSTOP command. The
minimum allowed is: tRCKST2SP (MIN) = RCKEN + RCK LS + tRCK_HS (MIN)

Tel
CRa 7 e (e ey ey
(int) .0 i [ T ) B SR SO R U0 ) IS R I {99 A LN S 0 /N S S A 0 ) S S SO
WKt v e vy e Ty Y Y Y T Ty Y Y T T Y T e T T T T T Y
WCK _c LA LA
I
. 1
CA[4 3] E Start RCK! .Vahd [EVahd Valid K Va;T Valld [ RCKSTOP Vahd[ Valld VaI’;T Valid
\ \ I
1 RCKEN } RCK,LS } } RCKSTOP_LAT @ }
>
I | | I
I | I I |
RCK t | - TARRRARARARRERRARAY r’i""’"" R (4|
RCKc ;ﬁ ! % ‘ h;_ _____
I | | I !
! trak2Lz J trek_st j } trek_1s @ } i trakonz |
I [}
I
} treksTosP @ !

NOTE 1 “Start RCK” is the command that triggers the RCK start toggling, depending on the RCKMODE Mode Register
settings it can be either the RCKSTRT command or a Read command (RD, RDA, IRD, RDTR or RDWTEC).

NOTE 2 The duration of the High-Speed preamble tRCK HS is defined as the time between the end of the RCK LS and the
first data out on the DQs, or the RCKSTOP command if there is no read operation. In this example the second case is
shown.

NOTE 3 For illustration purposes, all analog tWCK2RCK timing assumed as Ops for all RCK state transitions + pulses.

Figure 84 — Overview of the RCK Start/Stop Protocol
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6.9 Read Clock (RCK) (cont’d)

6. The duration of the RCK high speed toggling postamble tRCKPST is defined as the time between
the last UI of the data burst and the end of the RCKSTOP_LAT as shown in FIGURE 85. For the
case that there is no read operation between RCKSTRT and RCKSTOP commands, tRCKPST does
not apply. The minimum allowed tRCKPST duration is 2 nCK4.

7. tRD2RCKSTOP is the minimum time between a Read command and the next RCKSTOP command
as shown in FIGURE 85. The minimum allowed is tRD2RCKSTOP(MIN)= RL + BL/8 + DQERL
+ tRCKPST-RCKSTOP LAT

8. tRCKSTRT2RD is the time between RCKSTRT and the next RD, RDA, RDTR, IRD or RDWTEC,
as shown in FIGURE 86.

9. tRCKSP2ST is the time between an RCKSTOP command and the next RCKSTRT (or Read
command), as shown in FIGURE 87. The minimum allowed tRCKSP2ST(MIN) is vendor
specific.

Table 88 — RCK Related AC Timings
VALUES
PARAMETER SYMBOL UNIT NOTES
MIN MAX
RCK High-Z to static preamble time trek2LZ - ns 1
RCK Static preamble tRCK_ST 4 - nCK4 2
RCK High Speed preamble tRCK_HS - nCK4 3
RCK static postamble to High-Z tRCKaHZ ) ns 4
time
RCK postamble tRCKPST 2 - nCK4
RCKSTRT to RCKSTOP command ¢ RCKEN +RCK LS + CK4
delay RCKST2SP tRCK_HS(min) . n
RL + BL/8 + DQERL +

Read to RCKSTOP command delay tRD2RCKSTOP {RCKPST - RCKSTOP_LAT - nCK4 5
RCKSTRT command to Read {ROKSTRIZRD ) ) nCK4 5
command delay
RCKSTOP to RCKSTRT or Read

tRCKSP2ST - ns 6
command delay
RCKSTOP to MR9 or MR12 MRS 4 RCKSTOP_LAT x tCK4 + 4 _ I
programming delay RCKSTOPIMRS_[2 x tCK4 + tRCK2HZ(max) s
RCKSTOP to Power Down Entry tRCKSTOP2PDE RCKSTOP_LAT +2 - nCK4
command delay =
RCKSTRT to Power Down Entry tRCKSTRT2PDE RCKEN +RCK LS +2 - nCK4
command delay

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5
NOTE 6

Parameter tRCK2LZ defines the time for RCK to transition from High-Z to driving static H/L levels.
The RCKEN latency must be set to a value large enough to satisfy the tRCK_ST timing.

When RCKMODE is Start with Read commands (MR9 OP[1:0]=015) tRCK_HS = RL - RCKEN - RCK_LS. When RCKMODE is
Start with RCKSTRT command (MR9 OP[1:0 ]=10g) tRCK_HS =RL + tRCKSTRT2RD - RCKEN - RCK LS

Parameter tRCK2HZ defines the time for RCK to transition from driving static H/L levels to High-Z.
Read commands in this context comprise RD, RDA, IRD, RDTR, and RDWTEC commands.

Parameter tRCKSP2ST applies when RCKMODE is set to Start with Read commands (MR9 OP[1:0]=01g) or Start with RCKSTRT
command (MR9 OP[1:0]=10g). Read commands in this context comprise RD, RDA, IRD, RDTR and RDWTEC commands.
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6.9 Read Clock (RCK) (cont’d)

CK4 |
(int) _i

I I
WCK_t vy P AN NAR R iRR AR R R R RN ATl RARA R AR AR R R R ARARARRI(IRRRRRRE r“ RSN R EREREARARARRRRRRBRI AT
WCK _c

CA[4:3]

DQ[9:0]

DQE

Figure 85 — Example of RCK Triggered with READ Command
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6.9 Read Clock (RCK) (cont’d)
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WCK_t Y "‘r’ KR SOV VY Y f " 1 IR0 I | 'R3 | I R " I | [R3 | R0 I'R3 \ I I R I I | I IR0 IR 3| R I I 1 (R (R0 [l
JL[(C R TR IR ESIRTEIRISERIEVIVSIRIRERTRURURIRIRUEERDURISUEUETRURURIRETERIEDIVRIRUSURUSVRSIRUSURVEVRSURUNNRURIRLY) FURIRURURIFUTURUSVRSIRISUREVENRDNTARURURVLURITYENETRTEI RN
I I I

RCK_t
RCK_c¢

DQ[9:0]

DQE

Figure 86 — Example of RCK Triggered with RCKSTRT Command Followed by a READ Command
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6.9 Read Clock (RCK) (cont’d)

C A[43] Start RCK! l Valid E[l Valid l Valid m Valid Hl Valid [” RCKSTOP l Valid [” RCK start! l Valid [” Valid l Valid j” Valid l Valid l
il il L il - L il il I | I\ I I | L I I - I | I\ - I | I\, il L L L - L L 1L L I i} L il L L r L L il I I I\ . L I L L I J| L I L L I L
I I I I I I
1 RCKEN . RCKLs | } trekspasT ©) | trakoLz | trex_st trak_1s
} ! ! I RCKSTOP_LAT | i i
| RS . - 4 : 0 -
‘ SUAt | b 1L
" I
| | | | | ! |
} trak21z ! tRek_sT } ! tRek_HS ! } trakoHZ !
|
I
I

trexsTose / tRozrCKsTOP

NOTE 1 “Start RCK” is the command that triggers the RCK toggling. Please note that, depending on the enabled RCKMODE, either tRCKST2SP or tRD2RCKSTOP applies, while the same
tRCKSP2RCKST is valid for both RCK start/stop modes.

NOTE 2 The host must observe the minimum tRCKSP2ST(MIN) allowed delay between an RCKSTOP command and the following RCK start command to avoid pre- post- ambles collision.

NOTE 3 The drawing shows an example case where the static postamble of the previous RCK start is overlapping with the static preamble of the following RCK start, as would be the case for
tRCKSP2ST(min). For a more relaxed tRCKSP2ST (longer) the tRCKLZ might expire earlier and the RCK will transition to High-Z before the tRCK_ST (static preamble) of the next “RCK
start” command starts.

Figure 87 — RCKSTOP Command Followed by RCK Start Command
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6.9 Read Clock (RCK) (cont’d)

trRD2RCKSTOP

RCKSTOP_LAT

e (S AR R
N |

I o

[N

DQ[7:0]

|
RCK_LS | trak_Hs

NOTE 1 DQERL = 3 is shown as example for illustration purposes.

Figure 88 — Example of RCK Triggered by READ Command in NRZ Mode
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6.10 Read

Read bursts are initiated with a Read command as shown in F7GURE 89. The bank and column addresses
are provided with the Read command and auto precharge is either enabled or disabled for that access with
the AP bit (CA3-3). If auto precharge is enabled, the row being accessed is precharged after both tRTPSB
and tRAS have been met or after the number of CK4 cycles programmed in the RAS (MR3 OP[6:0] and
RTPSB (MR4 OP[11:8]) fields, depending on the implementation choice per DRAM vendor.

The length of the burst initiated with a Read command is sixteen symbols in PAM3 mode and thirty-two
bits if in NRZ mode and the column address is unique for this burst of sixteen or thirty-two. There is no
interruption nor truncation of Read bursts.

caz )\ ,O(BAZX}(B[}O)O( AP)O(@)O(&)O(Q )O(COX:

EN AP

cay UBA@(}(B@WA@Q(C;N@( (@ >Q<CAPA@C

Notes:

1. BA = Bank address; C = Column Address; CAPAR = CA Parity, V = Valid (H or L but not floating), AP = Auto Precharge,
EN AP = Enable Auto Precharge, DIS AP = Disable Auto Precharge

2. WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset between
WCK and CA.

Figure 89 — Read Command

Read timings are shown for PAM3 and NRZ modes in FIGURE 90. During Read bursts, the first valid
data-out element will be available after the Read Latency (RL).

The Read Latency is defined as
RL (MR1 OP[5:0]) * tCK4 + tWCK2DQO

when CAPARBLK OFF (MR15 OP1 =0) or CAPARBLK ON (MR15 OP1 = 1) and implicit CAPARBLK
latency.

The Read Latency is defined as
RL (MR1 OPJ5:0]) * tCK4 + CAPARBLK_LAT (MR15 OP[5:3]) * tCK4 + tWCK2DQO
when CAPARBLK ON (MR15 OP1 =1) and explicit CAPARBLK latency.

Where RL is the number of CK4 cycles programed in MR1 OP[5:0], CAPARBLK LAT is the number of
CK4 cycles programmed in MR15 OP[5:3] and tWCK2DQO is the WCK to DQ/DQE offset as measured
at the DRAM balls. The total delay is relative to the data eye initial edge averaged over DQ/DQE. The
maximum skew within DQ/DQE is defined by tDQ2DQO.

GDDR?7 devices support either implicit (IRA3 DQ[3:2] = 11g); or explicit (IRA3 DQ[3:2] = 10s); or both
implicit and explicit CAPARBLK LAT (IRA3 DQJ[3:2] = 00s). If the DRAM supports both, the host has
the flexibility to program the CAPARBLK LAT control register (MR15 OP6) to support either implicit or
explicit. Refer to the CAPAR wiTH COMMAND BLOCKING (CAPARBLK) section for more details and
vendor datasheets to see which method is supported.
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6.10 Read (cont’d)

If enabled, the ODT is disabled tODT _off time before the DQ data and independently the ODT on the DQE
will be disabled tODT _off time before the DQE data. Upon completion of a burst, assuming no other Read
command has been initiated, all DQ and DQE signals will drive a value of '+1' in PAM3 mode and a value
of 'H' in NRZ mode. In addition, the ODT is enabled at a maximum of tODT on time later on the DQ
signals as well as the DQE signal as shown in F7/GURE 91. The drive value and termination value may be
different due to separately defined calibration offsets. If the ODT is disabled, the signals will drive
High-Z.

Data from any Read burst may be concatenated with data from a subsequent Read command. A continuous
flow of data can be maintained. The first data element from the new burst follows the last element of a
completed burst. The new Read command should be issued after the previous Read command according to
the tCCD or tCCDSB timing. If that Read command is to another bank, then an Activate command must
precede the Read command and tRCDRD also must be met.

A Write command can be issued any time after a Read command if the bus turnaround time tRTW is met.
If that Write command is to another bank, then an Activate command must precede the Write command
and tRCDWR also must be met.

A PRECHARGE can be issued if both tRTPSB and tRAS are met or after the number of CK4 cycles
programmed in the RAS (MR3 OP[6:0] and RTPSB (MR4 OP[11:8]) fields, depending on the
implementation choice per DRAM vendor. After the PRECHARGE command, a subsequent command to
the same bank cannot be issued until tRP is met.

A MRS command can be issued while a bank is open after tRD2MRS to program some registers. See the
MODE REGISTER SET (MRS) command section for details on what registers are allowed to be programmed
while a bank is active.

Table 89 — DQE State (NRZ Mode)

PAM3 RDCRC |SEVERITY| POISON | WRCRC | DQE HZ | SEV2ERR DPP
Case DQE State
MRO OP8 | MRO OP3 | MRO OP9 | MR0O OP10 | MRO OP4 | MR5 OP10 | MRS OP9 | MR8 OP8
1 Disable Disable Disable Disable Disable Enable Disable Disable High-Z
Vendor Specific,
2 Disable Disable Disable Disable Disable Disable Disable Disable | except for driving
Low
3 Disable Disable Enable Disable Disable Enable Enable Disable High-Z
4 Disable Enable Disable Disable Disable Disable Disable Disable Data (CRC)
5 Disable Disable Enable Disable Disable Disable Disable Disable Data (SEV)
6 Disable Disable Disable Enable Disable Disable Disable Disable Data (PSN)
Vendor Specific,
7 Disable Disable Disable Disable Enable Disable Disable Disable | except for driving
Low
8 Disable Disable Disable Disable Disable Disable Disable Enable Data (DPP)
NOTE 1 DQE pin will be used for data transmission while GDDR?7 is in read operation, otherwise DQE pin state will be ODT state or off
in Case 4, 5, 6, and 8.
NOTE 2 If more than two MR(RDCRC or SEVERITY or POSION or WRCRC) are enabled (PAM3 and DQE_HZ are disabled), DQE

pin will be used for data(CRC, SEV and PSN) transmission.
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6.10 Read (cont’d)

FIGURE 91 through FIGURE 98 illustrate Read operations in PAM3 mode including:
Figure 91 — Single PAM3 Read with RDCRC and CA Parity Enabled
Figure 92 — Single PAM3 Read with RDCRC Disabled
Figure 93 — Gapless PAM3 Reads, Different Banks (tCCD = 2)
Figure 94 — Non-Gapless PAM3 Reads, Different Banks (tCCD = 3)
Figure 95 — Non-Gapless PAM3 Reads, Same Bank (tCCDSB = 4)
Figure 96 — Read to Precharge (PAM3 Mode)
Figure 97 — Read to Write (PAM3 Mode)
Figure 98 — Read to MRS (PAM3 Mode)

FIGURE 99 through FIGURE 103 illustrate Read operations in NRZ mode including:
Figure 99 — Single NRZ Read with RDCRC and CA Parity Enabled
Figure 100 — Single NRZ Read with RDCRC, CA Parity and ODT Enabled
Figure 101 — Gapless NRZ Reads (tCCD = 4)

Figure 102 — Single NRZ Read with DQE Disabled (RDCRC, WRCRC, Severity, and Poison
Disabled)

Figure 103 — Single NRZ Read with DQE Disabled and SEV2ERR Enabled

See the DATA INTEGRITY Section for details on Command Address Parity, RDCRC, Poison, Severity, and
ERR signaling.
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6.10 Read (cont’d)

RL

WCK_c

WCK_t

Case 1: PAM3 mode

1IWCKZDQO

I
2 mean) o AR/ Y o1 VY 02 VY 03 VY 04 VY 05 VY 06 VY o7 VY 08 VY 0o VY 010 Y 011 VY 012 VY 013 VY 01\ MTERY)
DQ[9:0] / DQE ) , \/ Do b D1 M D2 M D3 M D4 M D5 M D6 M D7 M D8 M D9 M D10 M D11 M D12 M D13 M D14 M D1 A

i %} L tDQ2DQO(min)
TR o Y1 oz Y o WY oo WY s Y oo WY o7 Y o0 1Y o W ovo Worr Wore W VY ove VY.
AVSRIA °" AA** A A" A" A AA ™7 AA°° AR °* AR AR AR A A S

“
DQ[9:0]/ DQE (first symbol) ©
4

> e 1DQ2DQO(Max)

. b ; Y - W U oo W o W oo W Woar Woan Woan Won Wor Wan Worn Wor VY
DAISOIDAE (asteymbol) © VR ' A7 A7 M A7 AT AT A A A A A mﬂm " A

_ i
Case 2: NRZ mode WCK2DQO
—>

oo, - VI v o 0 R R - I

i
|
| - I+ 1DQ2DQ)(min)

DQI[7:0]/ DQE (first bit)
L

- |+ 1DQ2DQO(Max)

(R~ X ) o M e A o o R Qe o R e M o e oo o R M o B R = = I

"
DQ[7:0]/ DQE (last bit)

NOTES:
1. RL is the Read latency programmed in Mode Register MR 1.

2. tWCK2DQO parameter values are positive numbers and could be less than 1 nCK4 as illustrated or more than 1 nCK4 depending on design implementation, and can vary
across PVT. Data training is required to determine the actual tWCK2DQO value for stable Read operation.

3. tDQ2DQO defines the minimum to maximum variation of tWCK2DQO within DQ/DQE.

Figure 90 — Read Lane Timings
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6.10 Read (cont’d)
TO ™ T2 T3 T4 T9 T10 T T12 T13 T14 T15 T16 T17
l l l l l l l ( l l l l l l
ponnnen ponnnen peennen peennen PR poneen Py [ T o S e S e T e T

okaqny v fh f v o E L o
|
|

AN AN AR AR aNARa R AR R AN RaRaRatl i RaRa R AN RAR AR ERERER AR ERARERERER IR AR RGN RERERERARARERER AR AR RaRARARENA]
‘u 1 | W ‘u 0 W W ‘u {3 1 W ‘u 0 W ‘u {3 1 O O O 0 Y 0 0 ‘u (W ‘u LD UL U U U U LD UL ‘u L 8 3 O 0 O o O O WO ‘u

|
M mMm 'mim! A
Row Gopand CVahd x vald x Valid x VandIVa jCXjVathX:VathX:Vahd Valid | vaid | Vaid | valid x Velid x VandCX:)
Column Command ’_"_\’_\"L\f_\l_\ - -
CA[4:3 Read m Val|d Valld Va d Valld Valld VaI|d Val|d Valld Val|d Valld Valld Val| d
[4:3] (s oo A W
I ‘ ‘ ‘

R T T LT o T T L T T T A T T | T T R A R AR AR R RARAR AR AR AR ARARR R RARARAD n‘ RaRasaRanaRaRaRasanal n‘ RaRananal
< R U U LU UL AL LR AL LR U UL UL L AL L LR U UL L U UL L U LR UL UL LU L LR LU L L LR LU U UL LR UL L

|
I I I IDQERL =3! |

l l l l l l l
| | | | | | | | |
| | I RL=10 ! | | | | |
| ¢ t t t | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
L | | | | | | | | | | | |
| | | | | | T NNNANNANT T T T T T
DQ[o:0] 0 i | i I | i Clfl Som...S15m |- | | i I |
A I I f | I I I I
| I | | I | | _tODT off \ \ tODT_on | | I I I
I I I I I I I I I I
DQ ODT ODT Enabled ODT Disabled ODT Enabled
T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
L, | | | | | | | | | | | | | |
* T T T T T T T T T T AR A RAARRAR T T
DQE o 4 } } | | | I I | | l—H DQEO m ... DQE 15 m~|-} I |
a4 | | I | | I I | | I |
| | | | | | | | | | tODT_off | | tODT on | |
I I [ [ I I I I I I [N I
. ODT
DQE ODT ODT Enabled ODT Disabled Enabled
T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
| CAPAR2ERR=2 _| | | | | | | | | | | | |
I T — | | | | | | | | | | | |
I
D ST S/ A I A A A AN AN N S SR N
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | Ly | | | | | | | | | |
T T T T T T T T T T T T T T T
ERR 0 - I I I | I I I | I I | I I |
a4 | } | | I | | | I | | | I |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
NOTES:

1. RL =10 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopEe
REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the READ command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

4. At TO thru T17, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the READ command is shown for illustration purposes. See the CovmmAND ADDRESS PARITY (CAPAR)
section for more details.

5. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

6. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCK (RCK) section for
details on the RCK options, timings and toggle modes.

7. tODT off and tODT on = 1 tCK4 are shown as examples for illustration purposes. Actual supported values will be found in
the AC TIMINGS section.

Figure 91 — Single PAM3 Read with RDCRC and CA Parity Enabled
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’
6.10 Read (cont’d)
T0 T T2 T3 T4 T9 T10 T T12 TI3 T14 T15 T16
| | | | | | | i | | | |
| | | | | | | | | | | |
[, [P, Jp=sssrn [P, [P [ [ [ [ I [P, p==essn [,
. r i Py i i [ U A i i i r
CKRafint) 5 % ] — bed I | ] e e Leedl ] SR W T L
| | I | I | I | | | | |
I I I I I I I I I I
[ I S A AN E
WCK
b L ! - \ h
| | | | | | |
| | | | | |
mr mr nr R mr mr Imm mr mr
Row 0082‘[3."5] CVaIid Valid x Valld vaig | vifo x valid Valld x Vahd Valid Valid Valid Valid
: (W] W] I [} ] [
| | |
n'm I_\I_\ ' Iam! nrm
Column Command Valld Valid Valid Valid Valid Valid
[4:3] el [T el (] [aTe]
I I I I
B O S H | IS O E 0 S S E
RCK
A & LA e g
| | | | |
! 'DQERL =3 ! } }
| I I I I
I I I I I
" | | | | |
LAAARARAL] T T T
DQ[E:0] © H—H SOm..S15m '—H—I I i I
- | UL ] } | |
tODT_off | | | | |
e — I I I
DQ ODT ODT Enabled ODT Disabled ODT Enabled
T T T T T T T T T T
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
" | | | | | | | | | I |
| | | | | | | | | nnnm ) i
DQE o | | | | | | | | I DQEO..3m  DQE4..15m="+1"
= | | | e e 1L [ S oo 1
| | | | | | | | | tODT off | | | tODT on
I I I I I I I I I [ — I [ E—
DQE ODT ODT Enabled ODT Disabled
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| I | | | | | | | | | | | |
1 CAPARZERR=2 [ [ [ [ [ [ [ [ [ [ [
I I I I I I I I I I I I I I
| | CAPAR2ERR =2 | | | | | | | | | | |
| W I I I I I I | | | |
| | | | | | | | | | | | | |
I I [ I I I I I I I I I
- ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | |
ERR © | | | | | [ | | | | | | |
T I I I I I I I I I I I I I
I I I I I I I I I I I I I I
NOTES:

1. RL =10 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopEe

REGISTERS and AC TIMINGS sections.

2. When RDCRC Is disabled using MRO OP3, DQERL = 3 is shown for illustration purposes for the Severity/Poison [1:0] and

PAM3 followed by 12 symbols of +1.

3. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
4. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

5. At TO thru T17, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.

No error (+1) for the READ command is shown for illustration purposes. See the CommAND ADDRESS PARITY (CAPAR)

section for more details.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with

2 nCK4 digital and 0 ns analog output delay.

7. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCk (RCK) section for
details on the RCK options, timings and toggle modes.

8. tODT off and tODT on = 1 tCK4 are shown as examples for illustration purposes. Actual supported values will be found in

the AC TIMINGS section.

Figure 92 — Single PAM3 Read with RDCRC Disabled
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SERARARARERERARA]

' |
Row C°3&"[§:"0d] CValld x Valld x Valld x Valld Valig Vvala) * Valld x Valld I Valld I Valld x Valld I Valld N Valld I Valld
f—\f—\r—\r"\f—\f—\ f—\f—\r—\r"\f—\f—\ Imlm! |
Column C°g’;“i.”3d Read n valid Valid) I Valld x Valld I Valld I Valld x Valld I Valld x Valld I Valld
[4:3] \_I\_I\_I\_I\_I\_I (ST [
|
B R e 2 h a a n e e o o e | . VATV AUV VRS ,Wﬂﬂ
RCK
REREERERREREEAT RN RN RVRTRERE R R L | RRRURRRERREURIRUIVATRARVAVEURINEAVRURIRVECSTRERAVAIRIEVANRERRTECE
| | | | RL =10 | | | ‘DQERL ,g\ | | | | | |
I < I | RL=10 | I I I =3 | I I I I I
I “ | | | | ka | | | I I I I I
| | | | | | | | | | | | | | |
i
| | tcCD = 2 ‘ LRU=10 ! ‘ ‘ ‘ 'DQERL = 3| | | | |
<l ]
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
1 L L L L L L Il I} | Il L L L L
| | | | | | LAAARARALI IARARAARAI | | | |
DQ[9:0] © 1 | | | | | -l som...s15m -l son...s15n - i | | |
A \ \ | i [ | R \ [ [ \ \
| | | | | | | | | | | | | | |
I I I I I I I I I I I I ! I I
; ; ; ; ; ; ; ; ; . I I ;
+ LAAARARAARAI vvvvllvuvvv
DQE 0 -l ! ! ) ) ) ! ! ! - DQE0 m ... DaE 15 m-H-[HbaEo n ... DQE15 nf-[-|-] )
L I I | | | I I I ”[n ”M,‘M”” ””” M”,‘”“ I
I I I I | | | | I I T i I |
I | | | \ \ I I I I I I I I I
|, CAPAR2ERR=2 |, CAPAR2ERR=2 | | | | | | | | | | |
PR A AL
I I | I | I I I I I I I I I I
} } CAPAR2ERR=2 | _ CAPAR2ERR=2 ! } } } } } } } } }
e e L e .
1 1 R R R R B M B 1 1 1 1 1 1 1 1
T | | | | | | | | | | | | | |
ERR 0 4 | | | I I I I I I | I | | |
a4 | | | | | | | | ! ! ! | | |
| | | | | | | | | | | | | | |

1. RL =10, tCCD =2 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in

the MoDE REGISTERS and AC TIMINGS sections.

commands and tRCDRD must be met.

. Read n must be to a different bank than Read m. Activate (ACT) commands are required to be issued before the Read

3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

No error (+1) for the READ command is shown for illustration purposes. See the CormAND ADDRESS PARITY (CAPAR)

section for more details.

2 nCK4 digital and 0 ns analog output delay.

details on the RCK options, timings, and toggle modes.

Figure 93 — Gapless PAM3 Reads, Different Banks (tCCD =2)

. At TO thru T18, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with

. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the RE4D CLoCK (RCK) section for
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6.10 Read (cont’d)

E

cra(my "-.......ff Ld o bd "-.......ff L
| I |
I I I
lnlaalnnl MY Y Y Y Y Y Y Y Y !’\‘ Ealal sl
WCK
I I I I I I !
| | | | | |
nr mh mr mm —r —r mr M nr
Row COE”E[?Z‘T‘(% C Valid Valld Valid Valid Valid Valid Valid Valid Valid Valid Valid N Y Vaid Valld
- [ \aw] || \_l\_l (| \_I\_I (7] [ (] I (]
i i | | | |
f—\f—\r—\r"\f—\f—\ Imim IV VeV VeVl DC Il mr Ialm) Il
Column Command Valid Read n Va||d Valid Vahd Valid Valid Valid Valid Vahd
CA[4:3] \_I\_I\_I\_I\_I\_I BNt W S A A Ao
I I I I I I I |
RS T i T i T i T Vo U Tt o VT U Vo Vi o Ve Vi Vo Vo o V) VT Vi O ) i VT i e i i T U T T O i T T O n M e R B a e W B e e e
RCK
o I I i | i I~ i I = I
I I I I L I I I I I I I I
| ‘ RL=5 DQERL = 3 | | |
I I | | | | | I I | I I I
| | | | | | | | | | | | |
‘ ‘ ltccp=3 | ‘ ‘ | RL=5 | ‘ ‘ !DQERL = 3! ‘
I | |
I I | | | | | | | | ! ! I
! ! ! ! ! ! | | | !
| | | | | | \NNNANANANT uuuvvvuuu |
DQ[9:0] © | | i | | - som . st5m HHH lH Son.. S15n - |
K ! | | ! ! I h I !
I I I I I I I I I I I I
I I I I I I I I I I ! I
L ! ! ! ! ! ! ! ! |
| | | | | | | | | LAARAARARA] LALARAARARAI
DQE © | | | | | | | | | I-|DQEO m ... DQE 15 ml"" \~I-] DQEO n ... DQE15 n I'H
A I I | | | I | | ! -}U(-‘“‘-‘U‘-'UP |
I | I I | I I I I I I I I I I
| . CAPAR2ERR =2 | |, CAPAR2ERR =2 | | | | | | | | | |
< I > < I > I I I I I I I I I
} } CAPAR2ERR=2 ! | CAPAR2ERR=2 ! } } } } } } } }
I I I I I I I I I I
! I + +1 +H S| I I I I I I I
T T T T T T T T T T
ERR o | I I | | | I | |
| ! ! ! | ! ! | | |
I I I I I I I I I I
| | | | | | | | | |

NOTES:

1. RL =5 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopE
REGISTERS and AC TIMINGS sections.

2. Read n must be to a different bank than Read m. Activate (ACT) commands are required to be issued before the Read
commands and tRCDRD must be met.

3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

4. At TO thru T13, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the READ command is shown for illustration purposes. See the CommaND ADDRESS PARITY (CAPAR)
section for more details.

5. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

6. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLock (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 94 — Non-Gapless PAM3 Reads, Different Banks (tCCD = 3)
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NOTES:

1. RL =4 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopE

REGISTERS and AC TIMINGS sections.
. An Activate (ACT) command is required to be issued before the Read commands and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

. At TO thru T13, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the READ command is shown for illustration purposes. See the CommaND ADDRESS PARITY (CAPAR)
section for more details.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the Re4D CLoCK (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 95 — Non-Gapless PAM3 Reads, Same Bank (tCCDSB = 4)
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6.10 Read (cont’d)
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NOTES:

1. RL=5, DQERL =3, RTPSB =4 and tRP =9 are shown as examples for illustration purposes. Actual supported values will
be found in the MODE REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCKDQO = 0 are shown for illustration purposes.

4. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLOCK (RCK) section for
details on the RCK options, timings and toggle modes.

5. GDDR7 supports both a mode register (RTPSB) and an AC timing definition (tRTPSB) for Read to Precharge. RTPSB must
be programmed to RU(tRTPSB/tCK4) or greater. If the DRAM does not support the MR definition the register settings will be
ignored.

Figure 96 — Read to Precharge (PAM3 Mode)
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6.10 Read (cont’d)
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NOTES:

1. RL=7,tRTW =9, WL =5 and DQERL = 3 are shown as examples for illustration purposes. Actual supported values will be
found in the MoDE REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met. If the Write is to
a different bank then an Activate (ACT) command is required to be issued before the Write and tRCDWR must be met.

3. Read Latency = RL * tCK4 + tWCK2DQO. Write Latency = WL * tCK4 + tWCK2DQI. tWCK2CA, tWCK2DQI and
tWCK2DQO = 0 are shown for illustration purposes.

4. At TO thru T17, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Read and Write commands are shown for illustration purposes. See the CoMMAND ADDRESS PARITY
(CAPAR) section for more details.

5. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

6. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the RE4D CLock (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 97 — Read to Write (PAM3 Mode)
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6.10
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1. RL =10 and tDQERL = 3 are shown as examples for illustration purposes. Actual supported values will be found in the MopE
REGISTERS and AC TIMINGS sections.

details on the RCK options, timings, and toggle modes.

Figure 98 — Read to MRS (PAM3 Mode)

. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the Re4D CLoCK (RCK) section for

. tRD2MRS = tRD2MRS(min) = 15 is shown as example for illustration purposes. tRD2MRS(min) = RL + DQERL + BL/8.
A MRS command while a bank is active is only legal to certain MR. See the MoDE REGISTERS section for details.
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6.10 Read (cont’d)
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NOTES:

1. RL =10 and DQERL = 3 are shown as an example for illustration purposes. Actual supported values will be found in the
MoDE REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

4. At TO thru T11, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Read command is shown for illustration purposes. See the CoMMAND ADDRESS PARITY (CAPAR) section
for more details.

5. When the PAMS3 register (MRO OP8) is set to NRZ mode, DQ[9:8] are turned off on the GDDR?7 device.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

7. When the PAM3 register (MRO OP8) is set to NRZ mode, DQE bit positions [7:2] =6b111111.

8. When the PAM3 register (MRO OP8) is set to NRZ mode, the CRC is PAM3 coded and the binary representation is
transmitted on the DQE signal at bit positions [19:8] for crc_even and bit positions [31:20] for crc_odd.

9. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCk (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 99 — Single NRZ Read with RDCRC and CA Parity Enabled, ODT Disabled
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6.10 Read (cont’d)
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NOTES:

1. RL =11 and DQERL = 3 are shown as an example for illustration purposes. Actual supported values will be found in the
MOoDE REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

4. At TO thru T11, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
No error (+1) for the Read command is shown for illustration purposes. See the CoMMAND ADDRESS PARITY (CAPAR) section
for more details.

5. When the PAM3 register (MRO OP8) is set to NRZ mode, DQ[9:8] are turned off on the GDDR7 device.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

7. When the PAM3 register (MRO OPg) is set to NRZ mode, DQE bit positions [7:2] =6'b111111.

8. When the PAM3 register (MRO OP8) is set to NRZ mode, the CRC is PAM3 coded and the binary representation is
transmitted on the DQE signal at bit positions [19:8] for crc_even and bit positions [31:20] for crc_odd.

9. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCK (RCK) section for
details on the RCK options, timings and toggle modes.

10. tODT_off and tODT _on = 1 tCK4 are shown as examples for illustration purposes. Actual supported values will be found in
the AC TIMINGS section.

Figure 100 — Single NRZ Read with RDCRC, CA Parity and ODT Enabled
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6.10 Read (cont’d)
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NOTES:
1. RL =6, DQERL =1 and tCCD = 4 are shown as an example for illustration purposes. Actual supported values will be found
in the MODE REGISTERS and AC TIMINGS sections.
2. An Activate (ACT) command is required to be issued before the first Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.
4. When the PAM3 register (MRO OP8) is set to NRZ mode, DQ[9:8] are turned off on the GDDR7 device.
5. Gapless Reads in NRZ mode could be to any bank as tCCD = tCCDSB = 4.
6. Read commands are 2-cycle commands but are shown with time breaks for illustration purposes.
7. When the PAM3 register (MRO OP8) is set to NRZ mode, DQE bit positions [7:2] =6b111111.
8. When the PAM3 register (MRO OP8) is set to NRZ mode, the CRC is PAM3 coded and the binary representation is
transmitted on the DQE signal at bit positions [19:8] for crc_even and bit positions [31:20] for crc_odd.
9. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the RE4D CLock (RCK) section for

details on the RCK options, timings, and toggle modes.

Figure 101 — Gapless NRZ Reads (tCCD = 4)
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6.10 Read (cont’d)

CK4 (int)

r
Row C"mmg"g VaI|d Valld Valld Valld vali Valld Va“d Va“d
1 \_I\_

I—\I—\I—\r"\l—\l—\ Il A Inlm ’_"_‘\jC
Column Command et m Va|.d Valid vl VaIld Valid Valid
CA[4:3] ‘—"—'"r"—"—'

I I I I
I I I I
| | ‘ RL =10 ‘
I I | = |
| < I I I 4’\
I I I I I
| | | | |
H T T T T T
carol || | w | | IIIIIIIIIIMMH#HIIIIIIIIIIII ‘
[ I | | I I
I I I I I | I I I I I
Mo 1 1 1 1 1 1 1 i 1 1
oQeg - — - - - - -—_ - - - - - - -1 — T — T
Lo | | | | | | | | | |
I I I I I I I I I I I
I I I I I I I I I I I
o I I I I I I I I I I
I | | I I I I I I I I
DQE = \ [ [ [ [ [ [ [ [ [
Lo | I I I I I I I I I
I | I I I I I I I I I
|, CAPAR2ERR=2 | | | | | | | | |
I I I I I I I I I
I I | I I I I I I I I
| |4 CAPAR2ERR=2 | | | | | | | |
I < I > I I I I I I I
I I I +1 I +1 I I I I I I I
+1 | | | | | | | | | | |
| I | | | | | I I | I
BRR o | | | | | | | | | |
R I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
oDT ODT Disabled

NOTES:

1. RL =10 is shown as an example for illustration purposes. Actual supported values will be found in the MoDE REGISTERS and
AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

4. DQE is disabled using MR5 OP10 (DQE_HZ). DQE can be turned off when RDCRC (MRO OP3), WRCRC (MRO OP4),
Severity (MRO OP9) and Poison (MRO OP10) are disabled in the Mode Registers. If the host still requires Severity, MRS OP9
(DQE_SEV_ERR) enables the host to receive severity information on the ERR signal.

5. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

6. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCk (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 102 — Single NRZ Read with DQE Disabled (RDCRC, WRCRC, Severity, and Poison Disabled)
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6.10 Read (cont’d)

TO ™ T2 T3 T4
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[4:3] LI i (N (e Ao
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\ \ \ \ \ \ \ \
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| < \ \ \ | | |
| | | | | | | | |
| | | | | | | | |
H = T T T T INNANNANANAATY T
barro] | \ \ \ \ H””” NGRS \
L | | | | "ﬂ"ﬂ"ll‘lﬂ"ﬂ"ﬂl I |
| | | | | | | | | | |
b | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ [
bQes - —  —— —]—  —F — —TF —||—T ——7FT  — -—T— 7T — T — T
L 1 1 i 1 1 \ i \ 1 i
| | | | | | | | | | |
\ \ \ \ \ \ \ \ \ \ \
bl | | ! | | | | | | |
- - - 1 - -1 - 1 - - ! 1 1 1 _1
DQE \ i [ [ [ [ [ [ [ [ [
L I I | I I I | I I I
| | | | | | | | | | |
| ., CAPAR2ERR =2 | | | | | | | | |
< [ ’\ | | | | | | | |
| | | | | | | | | |
| | CAPARZERR=2 | | | | | | | |
\ i | .l \ \ \ \ \ \ \
| | {SEVIERR = 10 | | | | | | ‘ ‘
\ | = | | | \ \ \ \ \
| < [ [ [ > | | | | |
\ \ \ \ \ \ \ \ \ \ \
\ \ [ e \ \ \ \ \ \
1 | | | | | | | | | | |
| | | | | \ [ | | | |
ERR 0 - i [ i [ i \ [ [ [ |
A I I I I I I I I I I
\ \ \ \ \ \ \ \ \ \ \
\ | \ \ \ \ \ \ \ \ \
oDT ODT Disabled
[ [ [ [ [ [ [ [ [ [ [

NOTES:

1. RL =10 and tSEV2ERR =10 are shown as an example for illustration purposes. Actual supported values will be found in the
MoDE REGISTERS and AC TIMINGS sections.

2. An Activate (ACT) command is required to be issued before the Read command and tRCDRD must be met.
3. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA and tWCK2DQO = 0 are shown for illustration purposes.

4. SEV2ERR mode is enabled using MR5 OP9 and requires Severity to be on (MRO OP9) and the PAM3 mode register to be in
NRZ mode. RDCRC (MRO OP3), WRCRC (MRO0 OP4) and Poison (MRO OP10) must be disabled. DQE is disabled using
MRS5 OP10 (DQE_HZ).

5. A Severity Error (UE) at cycle T11 is shown for illustration purposes.

6. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with
2 nCK4 digital and 0 ns analog output delay.

7. RCK is shown differential, full swing with continuous toggle for illustration purposes. See the R£4D CLoCk (RCK) section for
details on the RCK options, timings, and toggle modes.

Figure 103 — Single NRZ Read with DQE Disabled and SEV2ERR Enabled
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6.11 Row Precharge

The Precharge command is used to deactivate the open row in a particular bank (PREpb) as selected by
BA[3:0], or the open row in all banks (PREab) (see FIGURE 104). The bank(s) will be available for a
subsequent row access a specified time trp after the Precharge command is issued as illustrated in

FIGURE 68.

CK4 (int) |

DRFM Enabled
Precharge All-Banks (PREab) Precharge Per-Bank (PREpb)
NOTE 1 BA = Bank Address; CABI = Command/Address Bus Inversion; DRFM = Directed Refresh Management; V = Valid
(H or L but not floating).
NOTE 2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 3 The DRFM bit is only evaluated when DRFM is enabled in MR8 OP2, otherwise the bit is Don’t Care. Refer to the
DIRECTED REFRESH MANAGEMENT (DRFM) section for more details.

Figure 104 — Precharge Commands

Once a bank has been precharged, it is in the idle state and must be activated prior to any Read or Write
command being issued to that bank. A Precharge command is allowed if there is no open row in that bank
(idle state), or if the previously open row is already in the process of precharging. However, the precharge
period shall be determined by the most recent Precharge command issued to the bank. Sequences of
Precharge commands must be spaced by at least tPPD.

CA parity is evaluated with the Precharge command when the parity calculation is enabled in MR 15 OPO.

6.11.1 Auto Precharge

Auto Precharge is a feature which performs the same individual bank precharge function as described
above, but without requiring an explicit Precharge command. This is accomplished by issuing a Read with
Auto Precharge (RDA) or Write with Auto Precharge (WRA) command instead of a regular Read or Write.
A row precharge in the bank that is addressed with the RDA or WRA command is automatically initiated
once the applicable timings tWR, tRAS and tRTPSB have been met as described in the Write and Read
sections and in 74BLE 90. Auto Precharge is non persistent in that it is either enabled or disabled for each
individual Read or Write command.

Auto Precharge ensures that a precharge is initiated at the earliest valid stage after the Read or Write
command. The user must not issue another command to the same bank until the precharge time tRP is
completed. This is determined as if an explicit Precharge command was issued at the earliest possible time.
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6.11 Row Precharge (cont’d)
Table 90 — Auto Precharge Enabled/Disabled and PREab / PREpb Timings
From Minimum Delay Between “From )
Command To Command “Command” to” Unit Notes
To Command
Read PREpD (same bank) RU(trTpsB/tck) nCK4 2
PREpb (different bank) 0 nCK4 3
PREab RU(trTpsp/tck) nCK4 2
MRS tRDMRS nCK4
Write or Write w/ AP (any bank) RU(trTw/tck) nCK4 2
Read or Read w/ AP (same bank) tcepsB nCK4
Read or Read w/ AP (different bank) tcep nCK4
Read with AP PREpb (different bank) 0 nCK4 3
PREab RU(trTpsp/tck) nCK4 2
MRS tRDMRS nCK4
ACT or REFpb/RFMpb (same bank) RTPSB + RU(tre/tck) nCK4 2
Write or Write w/ AP (same bank) Illegal
Write or Write w/ AP (different bank) RU(trTw/tck) nCK4 2
Read or Read w/ AP (same bank) Illegal
Read or Read w/ AP (different bank) tcep nCK4
Write PREpb (same bank) WL + BL/8 + RU(twr/tck) nCK4 1,2
PREpb (different bank) 0 nCK4 3
PREab WL + BL/8 + RU(twr/tck) nCK4 1,2
MRS tWRMRS nCK4
Write or Write w/ AP (same bank) tceps nCK4
Write or Write w/ AP (different bank) tcep nCK4
Read (same bank) WL + BL/8 + RU(twrr/tck) nCK4 1,2
Read w/ AP (same bank) W]l‘{{}(i];i;;t?ff gﬁgﬁﬁﬁs‘;) B nCK4 1,2
Read or Read w/ AP (different bank) WL + BL/8 + RU(twTr/tck) nCK4 1,2
Write with AP PREpb (different bank) 0 nCK4
PREab WL + BL/8 + RU(twr/tck) nCK4 1,2
MRS tWRAMRS nCK4
ACT or REFpb/RFMpb (same bank) WL + BL/8 + WR + RU(tre/tck) nCK4 1,2
Write or Write w/ AP (same bank) Tllegal
Write or Write w/ AP (different bank) tcep nCK4
Read or Read w/ AP (same bank) Illegal
Read or Read w/ AP (different bank) WL + BL/8 + RU(twrr/tck) nCK4 1,2
PREpb (any bank) tepD nCK4
PREpb PREab tppD nCK4
PREab PREpb (any bank) or PREab tepD nCK4
NOTE 1 BL = Burst length; WL = Write latency; RTPSB = Read-to-Precharge Same Bank.
NOTE 2 RU =round up to the next integer.
NOTE 3 Commands can be issued in parallel.
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6.12 Refresh

Refresh commands are used during normal operation. Since “data” is stored as Os and 1s in capacitors in a
DRAM, and the capacitors leak charge over time. A Refresh command is issued periodically to restore
(refresh) the electrical charge in the capacitors. Each Refresh command results in one or more activate
operations to a selected row or rows, followed by a self-timed precharge to close the rows opened during
the activate. Refresh commands are non-persistent, so they must be issued each time a refresh is required.
GDDR7 SGRAMs require Refresh commands to be issued at an average periodic interval of tREFI.
GDDR7 SGRAMSs support two commands to perform refreshes as shown in FIGURE 105:

o the Refresh All-Bank (REFab) command initiates a refresh cycle on all banks simultaneously.
o the Refresh Per-Bank (REFpb) command initiates a refresh cycle on the selected bank only.

CK4(int)

Refresh All-Bank (REFab) Refresh Per-Bank (REFpb)

NOTE 1 BA = Bank Address; CABI = Command/Address Bus Inversion; TR = Data Training; V = Valid (H or L but not floating).

NOTE2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset between WCK
and CA.

Figure 105 — Refresh All-Bank (REFab) and Refresh Per-Bank (REFpb) Commands

6.12.1 Refresh All-Bank (REFab) Command

The Refresh All-Bank (REFab) command can only be issued when all banks are precharged with tRP
satisfied. RCK and data output timings may not be guaranteed during tKO which can impact the last Read
transaction. In that case, a REFab command shall only be issued when all previous Read operations have
completed. For Reads, a burst completion is defined as when the last data element including CRC has been
transmitted on the data outputs (tRDREFab timing). The command is nonpersistent, so it must be issued
each time a refresh is required. The refresh addressing is generated by the internal refresh controller. This
makes the address bits "Don't Care" during a REFab command. A minimum time tRFCab is required
between two REFab commands or a REFab command and a REFpb, ACT, SRE or SRSE. A minimum time
tREFabSLE is required between a REFab command and a SLE command. The banks are in idle state after
completion of the REFab command.

REFab cycles are required at an average periodic interval of tREFI(max). To allow for improved efficiency
in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided. A
maximum of 8 REFab commands can be postponed during operation of the device, meaning that at no point
in time more than a total of 8 REFab commands are allowed to be postponed. In case that 8 REFab
commands are postponed in a row, the resulting maximum interval between the surrounding REFab
commands is limited to 9 x tREFI (see /7GURE 106). At any given time, a maximum of 9 REFab commands
can be issued within tREFI.

CA parity is evaluated with the REFab command when the parity calculation is enabled in MR 15 OPO.
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6.12.1 Refresh All-Bank (REFab) Command (cont’d)

e T L

tRFCab

" —
- > ==

8 postponed REFab commands
Figure 106 — Postponing Refresh All-Bank Commands (Example)

REFab commands must be issued during normal operation at a minimum rate of tABREF to allow
impedance updates from the auto-calibration engine to occur. As these impedance updates may occur with
any REFab command, it is safe to only issue RNOP2 and CNOP2 commands during tKO period after to
prevent false command, address or data latching resulting from impedance updates. If RCK is running,
RCK output timings may not be guaranteed during tKO. If the host is concerned about impact from RCK
timings, it is recommended to stop RCK (by RCKSTOP or RCK disable) before a REFab when calibration
is enabled(default).

When the TR bit is set to H with the REFab command, LDFF, WRTR, RDTR and RDWTEC commands
are allowed at time tKO after the REFab command, which enable (incremental) data training to occur in
parallel with the internal refresh operation and thus without loss of performance on the interface as
illustrated in FIGURE 107. See DATA TRAINING for details. The data training is allowed to start and/or
continue even when the tRFCab timing from the REFab (TR=H) command has elapsed; the data training
may span the duration of multiple consecutive REFab (TR=H) commands, however, the time tKO shall be
observed after each REFab command, unless calibration updates are disabled in MRS OP11. T4BLE 91
summarizes the commands that allow data training to continue (or start) after REFab (TR=H) and the
commands that will no longer allow data training. An SLE command following REFab (TR=H) is allowed
if there is no on-going training operation and tREFabSLE has expired.

Table 91 — Data Training Span after REFab (TR=H)

Commands that Allow Data Training to | Commands that no Longer Allow Data

Continue/Start Training RS

NOP, LDFF, RDTR, WRTR, RCKSTRT,

RCKSTOP, ROWTEC, ACT SLE, SRSE.PDE, IRD, CATE, PREab, PREpb 1,2

REFpb, REFab(TR = H), SRE(TR = H) REFab(TR=L), SRE(TR=L) 2

MRS to MR[26:23, 21:16, 7:5] MRS to MR[47:27,22, 15:8, 4:0] 2

Note 1: In this context, with all banks precharged issuing a PREpb or PREab is allowed but it will no longer allow
data training.

Note 2: All the constraints described in the DA74 TRAINING section still apply.

GDDR7 SGRAMs also allow Info Read (IRD) and CATE commands to be issued at time tKO after the
REFab command. The IRD command requires that the TR bit be set to H with the REFab command. See
INFO READ and COMMAND ADDRESS BUS TRAINING for details.
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6.12.1 Refresh All-Bank (REFab) Command (cont’d)

GDDR7 SGRAMSs may also repurpose REFab commands for internal error check and scrub (ECS) cycles
when this function is enabled by the ECS_ON bit MR22 OP11. The period of these ECS events (tECSint
timing) is dependent on the channel density. For up to 16Gbit per channel, tECSint is larger than the
tABREF timing. ECS operation in this case does not require any additional REFab commands to be issued
by the host than those already required for regular calibration updates, as long as the host issues enough
REFab command with TR=L to meet tECSint, as ECS operations only occur when TR=L and calibration
occurs regardless of the TR bit. For example, the host can issue only REFab TR=H to meet tABREF. In
this case none of the REFab commands will count towards meeting tECSint and the host will need to issue
additional REFab TR=L to meet tECSint. However, if the host issues only REFab TR=L every 1ms, then
both tABREF and tECSint are met. For 24Gbit per channel and larger, tECSint is smaller than the tABREF
timing. In this case, additional REFab commands beyond those already required for regular calibration
updates are required. The host must ensure enough REFab commands with TR=L are issued to ensure
tECSint is met. See T4BLE 112 for tECSint values per channel density.

CA[2:0] | preab | mNop ||| REFab | mnop ||| vaia [|] ACT} X

CAJ4:3] X CNOP X CNOP ﬂ CNOP X CNOP m Valid! ]H CNOP CNOP X
} tRp } tko } i
| tRFCab 1

NOTE 1 Valid commands comprise IRD, PDE, MRS, RCKSTRT, RCKSTOP, CATE for CA Bus Training, and LDFF, WRTR, RDTR or
RDWTEC commands for data training only for TR = H. PDE command can also be issued at time tKO after the REFab command
regardless of TR bit. Once host issues PDE during REFab, the host can only issue a PDX command during the tRFCab period.
Subsequent commands must not be issued until both tRFCab and tXP have expired in this case.

NOTE 2 ACT, SRE, and SRSE commands require tRFCab. SLE command after REFab requires tREFabSLE. ACT shown as an example for
illustration purposes.

NOTE 3 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference
for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 107 — REFab Timings
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6.12.2 Refresh Per-Bank (REFpb) Command

The REFpb command provides an alternative for the refresh. The REFpb command initiates a refresh cycle
on a single bank selected by BA[3:0] while accesses to other banks including writes and reads are not
affected. The command can only be issued when the selected bank is precharged with tRP satisfied. The
command is non-persistent, so it must be issued each time a refresh is required. The refresh addressing is
generated by the internal refresh controller. This makes the row address bits "Don't Care" during a REFpb
command.

A minimum time tRRD is required between an Activate command and a REFpb command to a different
bank. A minimum time tRREFD is required between any two REFpb commands (see below for an
exception requiring tRFCpb), and between a REFpb command and an Activate command to a different
bank. A minimum time tRFCpb is required between a REFpb command and a REFab or an Activate
command to the same bank that follows. Providing that all banks are closed, a minimum time tREFpbSLE
is required between a REFpb and a SLE command. Refer to 74BLE 93 for all REFpb related timings.

REFpb commands can be issued in any order. After all 16 banks have been refreshed using the REFpb
command, and after waiting for at least tRFCpb, the internal refresh counter is incremented, and the host
can issue another set of 16 REFpb commands in the same or a different order. However, it is illegal to send
another REFpb command to a bank unless all 16 banks have been refreshed using the REFpb command.
The host must track the banks being refreshed by the REFpb command.

The bank count is synchronized between the host and the device by resetting the bank count to zero.
Synchronization occurs upon exit from reset state or by issuing a REFab or Self Refresh Entry command.
Both commands may be issued at any time even if a preceding sequence of REFpb commands has not
completed cycling through all 16 banks. The internal refresh counter is not incremented in case of such
incomplete cycling. It is pointed out that multiple occurrences of synchronization events without refresh
counter increment may result in an insufficient refresh of the memory array; it is suggested to issue
additional REFab commands in that case.

The average rate of REFpb commands is given by tREFIpb. The flexibility to postpone refresh commands
also extends to REFpb commands. The maximum interval between refreshes to a particular bank is limited
to 9 x tREFIL.

At any given time, a maximum of 9 x 16 REFpb commands can be issued within tREFI. At any given time,
a maximum of 9 refreshes to a particular bank can be issued within tREFI.

CA parity is evaluated with the REFpb command when the parity calculation is enabled in MR 15 OPO.

CK4 H
(int) _.:
WCK_t vy Y vr“ e NN ;’-‘ Ht T T [ Pl Pt "" e RN (AR AR ERE F"‘ A I A I I T Y .‘"‘ EAEARAR
L0744 S 5 O S O I O O O O 0 O 3O A 0 6 S O O O 3 O
I I I I I
I I I I I
cazol | | acteax | | moe [|[merbeay | mor [[[Rerpnas | mwor [l | aActeas | | [ mwor ] | actear
| trRRD | tRREFD | tRREFD | i
! trRECPB !

NOTE 1 BA =bank address.
Figure 108 — REFpb Timings
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6.12.2 Refresh Per-Bank (REFpb) Command (cont’d)

First set of 16 REFpb commands

RFMpb commands allowed

commands allowed

L L
Rglfgb & < R]%Flpb >_SS_< RE#Ffb > (¢
tRFCPB tRREFD J
J N
Y
Neither REFpb nor REMpb Next set of 16 REFpb commands

RFMpb commands allowed

Figure 109 — Sets of REFpb Commands

The example in 7458LE 92 shows two full sets of REFpb commands with the bank counter reset to zero and
the refresh counter incremented after 16 REFpb commands each. The third set to REFpb commands is
interrupted by the REFab command which resets the bank counter to 0 and performs refreshes to all banks
indicated by the refresh counter.

Table 92 — Refresh Counter Increments with REFpb

Count | Cpuny | Commana | Baol | SRR (SN Coer
0 0 Reset, REFab or SRE command To O
1 1 REFpb 0000 0 Otol
2 2 REFpb 0001 1 1to?2
3 3 REFpb 0010 2 2to03
4 4 REFpb 0011 3 3to4 n
15 15 REFpb 1110 14 14 to 15
16 16 REFpb 1111 15 15t0 0
17 1 REFpb 0100 4 Oto 1
18 2 REFpb 0111 7 1to?2
19 3 REFpb 1011 11 2to03
20 4 REFpb 0110 6 3to4 n+1
31 15 REFpb 1100 12 14 to 15
32 16 REFpb 0001 1 15t0 0
33 1 REFpb 0010 2 Otol
34 2 REFpb 1001 9 1to?2 n+2
35 3 REFpb 0000 0 2t03
36 0 REFab \Y% all To 0 n+2
37 1 REFpb 1010 10 Otol
n+3
38 2 REFpb 0101 5 1to?2
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6.12.2 Refresh Per-Bank (REFpb) Command (cont’d)

Table 93 — REFab and REFpb Command Scheduling Requirements
From Minimum Delay between
To Command “From Command” to Notes
Command « ”
To Command
REFab, Self Refresh Entry or ¢
Self Refresh Sleep Entry RECab
REFab SLE tREFabSLE
REFpb (any bank) tRFCab
Activate (any bank) trRFCab
REFab, Self Refresh Entry or ¢
Self Refresh Sleep Entry RECpb
SLE tREFpbSLE
REFpb REFpb (different bank) tRREFD OF tRFCpb 1
REFpb (same bank) trRFCpb 2
Activate (different bank) tRREFD
Activate (same bank) tRECpb
REFab, Self Refresh Entry or ; 3
Self Refresh Sleep Entry RC
Activate REFpb (different bank) tRRD
REFpb (same bank) trc 3

NOTE 1 Use tRFCpb when the first REFpb command completes a set of 16 per-bank refresh operations and the second
REFpb command initiates the next set of refresh operations. Use tRREFD in all other cases.

NOTE 2 Back-to-back REFpb commands to the same bank are only allowed when the first REFpb command completes a set
of 16 per-bank refresh operations and the second REFpb command initiates the next set of 16 per-bank refresh
operations.

NOTE 3 A bank must be in the idle state with tRP satisfied before it is refreshed.
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6.13 Refresh Management (RFM)

Periods of high DRAM activity may require additional refresh commands to protect the integrity of the
stored data. The requirement for additional Refresh Management (RFM) is optional for GDDR7 SGRAMs,
and devices will indicate the requirement in read-only Info Read register 4, bit 6 (see TABLE 94).

Table 94 — RFM Support Definition in Info Read Register 4

IRA Bit Field Description

4 DQ6 RFM Refresh Management (RFM)
0O —Refresh Management usage is not required
1B —Refresh Management usage is required

A suggested implementation of Refresh Management by the controller monitors (counts) Activate
commands issued per bank to the device. This activity can be monitored as a rolling accumulated Activate
(RAA) count. Each Activate command will increment the RAA count by 1 for the individual bank receiving
the Activate command.

When the RAA count reaches a DRAM vendor specified Initial Management Threshold (RAAIMT), which
is indicated in Info Read register 4, bits [2:0] (see T4BLE 95), additional refresh management is needed.
Executing the Refresh Management (RFM) command allows additional time for the GDDR7 SGRAM to
manage refresh internally. The RFM operation can be initiated to all banks with the Refresh Management
All-Bank (RFMab) command, or to a single bank with the Refresh Management Per-Bank (RFMpb)
command as shown in FIGURE 105.

Table 95 — RAAIMT Definition in Info Read Register 4

IRA Bit Field Description

Default RAA Initial Management Threshold (RAAIMT)
The field shall be ignored when the RFM required bit is 0.

0008 -16

001520

0108 —24

01128

1008 32

101536

1108 —40

111 — Reserved

4 DQ[2:0] RAAIMT

A GDDR7 SGRAM not requiring refresh management will ignore RFMab and RFMpb commands and
execute an RNOP command instead.

The Refresh Management command scheduling shall meet similar minimum separation requirements as
those for the Refresh commands (see REFRESH section); this includes that RFMpb commands are not
allowed in the tRFCpb pause between two sets of 16 REFpb commands. The RFMab command period is
tRFMab, and the RFMpb command period is tRFMpb. The requirement for REFpb commands to be issued
to all banks in a rolling fashion does not apply to RFMpb commands.

CA parity is evaluated with the RFMab and RFMpb commands when the CA parity calculation is enabled
in MR15 OPO.
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6.13  Refresh Management (RFM) (cont’d)

DRFM Enabled
Refresh Management All-Bank (RFMab) Refresh Management Per-Bank (RFMpb)

NOTE 1 BA = Bank Address; CABI = Command/Address Bus Inversion; DRFM = Directed Refresh Management; V = Valid
(H or L but not floating).

NOTE 2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 3 The DRFM bit is only evaluated when the DRFM feature is enabled in MR8 OP2, otherwise the bit is Don’t Care.
Refer to the DIRECTED REFRESH MANAGEMENT (DRFM) section for more details.

NOTE 4 An RFMpb command with the DRFM bit set O is referred to as a DRFMpb command.

Figure 110 — Refresh Management All-Bank (RFMab) and
Refresh Management Per-Bank (RFMpb) Commands

When an RFM command is issued, the RAA count in any bank receiving the command can be decremented
by the RAAIMT value, down to a minimum RAA value of 0 (no negative or “pull-in” of RFM commands
is allowed). Issuing an RFMab command allows the RAA count in all banks to be decremented by the
RAAIMT value. Issuing an RFMpb command allows the RAA count only in the bank selected by BA[3:0]
to be decremented by the RAAIMT value.

RFM commands are allowed to accumulate or “postpone”, but the RAA count shall never exceed a vendor
specified RAA Maximum Management Threshold (RAAMMT), which is indicated in Info Read register 4,
bits [4:3] (see TABLE 96). If the RAA count reaches RAAMMT, the host shall not issue additional ACT
commands to that bank until one or more REF or RFM commands have been issued to reduce the RAA
count below the maximum value.

Table 96 — RAAMMT Definition in Info Read Register 4

IRA Bit Field Description

Default RAA Maximum Management Threshold (RAAMMT)
The field shall be ignored when the RFM bit is Og.

00 —6 x RAAIMT

01p — 8 x RAAIMT

10 — 10 x RAAIMT

11 —12 x RAAIMT

4 DQ[4:3] | RAAMMT
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6.13  Refresh Management (RFM) (cont’d)

An RFM command does not replace the requirement for the controller to issue periodic REF commands,
nor does an RFM command affect internal refresh counters. The RFM commands are bonus time for the
GDDR7 SGRAM to manage refresh internally. However, issuing a REF command also allows
decrementing the RAA count by a value indicated by the RAADEC field Info Read register 4, bit 5 (see
T4BLE 97). Hence, any periodic REF command issued to the GDDR7 SGRAM allows the RAA count of
the banks being refreshed to be decremented by that value. Issuing an REFab command allows the RAA
count in all banks to be decremented by that value. Issuing an REFpb command allows the RAA count only
in the bank selected by BA[3:0] to be decremented by that value.

Table 97 — RAADEC Definition in Info Read Register 4

IRA Bit Field Description

Default RAA count decrement per REF command.
The field shall be ignored when the RFM bit is 0.
0 — 1.0 x RAAIMT
1g— 0.5 x RAAIMT

4 DQ5 RAADEC

The per-bank RAA count values may be reset to 0 when the channel is held in Self Refresh mode (including
Self Refresh Sleep and Hibernate Self Refresh Sleep modes) for at least tRAASRF time. No decrement to
the per-bank RAA count is allowed for entering or exiting Self Refresh and when a channel is held in Self
Refresh for less than tRAASRF time.
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6.13.1 Adaptive Refresh Management (ARFM)

GDDR7 SGRAMs optionally support a Refresh Management mode called Adaptive Refresh Management
(ARFM), and devices will indicate the support of ARFM in Info Read register 4, bit 7 (see TABLE 98).
Since RFM related parameters RAAIMT, RAAMMT and RAADEC are read-only, the ARFM mode allows
the controller flexibility to choose additional (lower) RFM threshold settings called “RFM Levels.” The
RFM levels permit alignment of the controller issued RFM commands with the SGRAM internal
management of these commands. ARFM related mode register bits in MR8 OP[1:0] select the RFM Level
as shown in T4BLE 99.

Table 98 — ARFM Support Definition in Info Read Register 4

IRA Bit Field Description
Adaptive Refresh Management (ARFM)
4 DQ7 ARFM 0s — Adaptive Refresh Management is not supported
15 — Adaptive Refresh Management is supported

Table 99 — Mode Register Definition for Adaptive RFM Levels

RAA Decrement
MR8 | RFM RFM ecreme
. RAAIMT RAAMMT per REF Notes
OP[1:0] | Level Requirement

Command

008 Default Default RAAIMT RAAMMT RAADEC
0ls Level A RFM is required RAAIMT A RAAMMT A RAADEC A
108 Level B RFM is required RAAIMT B RAAMMT B RAADEC B
11 Level C RFM is required RAAIMT C RAAMMT C RAADEC C

The Adaptive RFM mode inherits the RAA counting and decrement attributes of the standard RFM mode,
while using the alternate RAAIMT, RAAMMT and RAADEC values for the selected RFM level.
Increasing the RFM level results in increased need for RFM commands. Level C is highest RFM level. The
alternate RAAIMT, RAAMMT and RAADEC values for RFM levels A to C can be retrieved from the
corresponding fields in Info Read registers 5, 6 and 7, respectively (see TABLE 101).

Setting the bits in MR8 OP[1:0] to something other than the default 00 value will select one of the RFM
levels A, B or C. The host shall decrement the Rolling Accumulated ACT (RAA) count to 0, either with
RFM or pending REF commands, prior to making a change to the ARFM level. It is required to set the
same RFM level on all channels of the GDDR7 SGRAM.

Adaptive RFM also allows a GDDR7 SGRAM shipped with ‘RFM not required’ (RFM bit = Og) to override
that initial setting and enable RFM by programming a non-default ARFM level. The device internally
manages the change to treat the RFM command as an RFM command in this special override case as shown
in TABLE 100.
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6.13.1 Adaptive Refresh Management (ARFM) (cont’d)

Table 100 — RFM Commands Perceived by GDDR7 SGRAM

Command Bits in Info Mode RFM Level Command Notes
Issued RFM ARFM MRS OP[1:0] Perceived
Os 00B RNOP
0 (ARFM not supported) 0lp, 10g or 113 Illegal 1
(RFM not required) s 00g RNOP
RFMab
RFl\j‘[pgr (ARFM supported) 01, 105 or 113 RFMab / RFMpb 2
Os 008 RFMab / RFMpb
s (ARFM not supported) 0lp, 10g or 113 Illegal 1
(RFM required) s
00g, 018, 10 11 RFMab / RFMpb
(ARFM supported) B, VB, 1B OT 1B a P
NOTE 1 These cases are marked as ‘Illegal’ because GDDR7 SGRAM:s not supporting Adaptive RFM do not support the
selection of an ARFM level via MR8 OP[1:0] and therefore define these bits as RFU which implies that the only
supported setting for these bits is 00s.
NOTE 2 Adaptive RFM enables an GDDR7 SGRAM shipped with RFM = 05 (RFM not required) to override the initial setting
and enable Adaptive RFM by programming a non-default RFM level.
Table 101 — ARFM Level Definition in Info Read Registers 5 to 7 !
IRA Bit Field Description
DQJ7:6] RFU 008
RAA Counter Decrement per REF Command for RFM level A
DQ3 RAADEC_A (MR8 OP[1:0] = 01g). Same encoding as in RAADEC
5 RAA Maximum Management Threshold (RAAMMT) for RFM level A
DQ[4:3] RAAMMT_A (MR8 OP[1:0] = 01g). Same encoding as in RAAMMT
) RAA Initial Management Threshold (RAAIMT) for RFM level A
DQ[2:0] | RAAIMT_A (MR8 OP[1:0] = 01). Same encoding as in RAAIMT
DQJ7:6] RFU 008
RAA Counter Decrement per REF Command for RFM level B
DQ5 RAADEC_B (MR8 OP[1:0] = 10g). Same encoding as in RAADEC
6 RAA Maximum Management Threshold (RAAMMT) for RFM level B
DQI4:3] | RAAMMT_B (MR8 OP[1:0] = 105). Same encoding as in RAAMMT
) RAA Initial Management Threshold (RAAIMT) for RFM level B
DQ[2:0] RAAIMT_B (MR8 OP[1:0] = 10g). Same encoding as in RAAIMT
DQ[7:6] RFU 00g
RAA Counter Decrement per REF Command for RFM level C
DQ3 RAADEC_C (MR8 OP[1:0] = 11g). Same encoding as in RAADEC
7 RAA Maximum Management Threshold (RAAMMT) for RFM level C
DQ[4:3] RAAMMT_C (MR8 OP[1:0] = 11g). Same encoding as in RAAMMT
) RAA Initial Management Threshold (RAAIMT) for RFM level C
DQ[2:0] RAAIMT_C (MR8 OP[1:0] = 11g). Same encoding as in RAAIMT
NOTE 1 These registers shall be ignored when ARFM is not supported by the device (ARFM bit = Og).
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6.13.2 Directed Refresh Management (DRFM)

Directed Refresh Management (DRFM) is an optional feature that gives the controller additional flexibility
for maintaining data integrity within the GDDR7 SGRAM. Please consult the vendor’s datasheet to verify
the availability of this feature, as there is no IRD address associated with it. The DRFM feature allows the
SGRAM to capture a host-requested row address, which then is followed by a host-directed RFMpb
command allowing the SGRAM to refresh physically adjacent neighboring rows of the requested row
address. DRFM is disabled by default and can be enabled by setting the DRFM bit in MR8 OP2 to 1z.

When DRFM is enabled, executing a PREpb command to an open row with the DRFM bit set to 0 will
instruct the SGRAM to sample the currently activated row address for DRFM while initiating the row
precharge as normal. Note that a PREpb command is also legal when issued to a closed bank, however, in
that case no row address will be captured.

Each bank has an independent DRFM address register for the DRFM row address sample. This DRFM
address register is updated with each DRFM address sample to the bank, resulting in the last (most recent)
address sample being retained for the host directed DRFMpb command.

After the DRFM address sample, the host can then issue an RFMpb command with the DRFM bit set to Os
(referred to as DRFMpb command, see FIGURE 105) to service the sampled DRFM address. This DRFMpb
command is supplemental to the device’s RFM requirements and does not allow RAA count to be
decremented. A DRFMpb command issued to a bank without a valid address sample will be executed as a
regular RFMpb command.

Following a DRFMpb command to the GDDR7 SGRAM, any host-requested row address sample to the
bank that received the DRFMpb command will be cleared from further use.

There are only two methods to clear the DRFM sampled address:

1. Issue DRFMpb command
2. Device reset.

DRFM sampled addresses will be retained during Self Refresh modes, requiring the host to resample prior
to issuing a DRFMpb command if the address retained in a bank is no longer relevant. Additionally, no
RAA credit is given to banks with DRFM sampled addresses, regardless of relevancy.

If DRFM is disabled by the host and then re-enabled using MR8 OP2, any sampled row address before
disabling DRFM is not guaranteed to be serviced with a DRFMpb command (RFMpb with DRFM bit =
0B) after DRFM is re-enabled. Therefore, the host is required to re-sample any row address to ensure a
DRFM address is serviced after disabling and then re-enabling DRFM.

The DRFMpb command scheduling shall meet the same minimum separation requirements like tRP, tRRD
or tRREFD as for a RFMpb command (see REFRESH MANAGEMENT (RFM) section). DRFMpb commands
and row commands such as Activate, Refresh (REFpb or REFab) or Refresh Management (RFMpb,
RFMab) to other banks are not supported while a DRFMpb command is in progress and the tprem timing
has not been met. Precharge commands as well as Reads and Writes to different banks with or without auto
precharge however are supported.

On average, no more than 1,024 DRFMpb commands are allowed to be issued to the same bank/row address
combination within tREF.
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6.13.2.1 Bounded Refresh Configuration

The DRFMpb command refreshes physically adjacent neighboring rows to the DRFM sampled address, up
to the distance specified by the Bounded Refresh Configuration (BRC) as defined by MR8 OP[4:3]. The
SGRAM is responsible for applying a refresh ratio to the outermost rows being refreshed to protect the
SGRAM from excessive refreshes on rows adjacent to the outermost rows.

For example, BRC2 will always refresh the +1 physically adjacent neighboring rows, and the £2 physically
adjacent neighboring rows may be refreshed at a reduced rate as determined by the SGRAM. Likewise, if
BRC(C4 is programmed, the SGRAM will always refresh the +1, +2 and + 3 physically adjacent neighboring
rows, while applying a ratio to +4 physically adjacent neighboring rows. The support of BRC3 and BRC4
is optional and indicated in Vendor ID4 (IRA 3) bit DQO.

The DRFM cycle time per row is tRRF = 60ns. The corresponding DRFMpb command duration tDRFM is
determined by the selected BRC option and given as tDRFM =2 x tRRF x BRC as summarized in
TABLE 102.

Table 102 — Bounded Refresh Configuration and tDRFM Timings

BRC MRS OP[4:3] Rows Refreshed tDRFM

2 00 Always £1, Ratio £2 4 x tRRF

3 (optional) 01 Always 1, £2, Ratio +3 6 x tRRF

4 (optional) 10 Always 1, £2, £3, Ratio +4 8 x tRRF
RFU 11 RFU RFU
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6.14 Self Refresh

In Self Refresh mode the GDDR7 SGRAM autonomously retains the data in the array without the need for
the host to periodically issue Refresh commands. GDDR7 Self Refresh mode is not a low power mode like
it was in GDDR®6. The equivalent low power modes in GDDR?7 are Self Refresh Sleep mode and Hibernate
Self Refresh Sleep mode, which combine low power states with autonomous internal refresh provided by
Self Refresh. See the SLEEP MobpEs section for more details on these other modes.

Self Refresh mode shall be entered whenever changes of the device configuration via MRS commands, CA
bus training or data training are expected to take longer than allowed by the refresh requirements of the
device. Entering Self Refresh prior to performing these operations will ensure that data in the array will
autonomously be refreshed properly.

Self Refresh is entered with the Self Refresh Entry (SRE) command as shown in FI/GURE 111. The
command is only allowed when all banks are precharged with tRP satisfied; it must be paired with a CNOP1
command on the column command inputs CA[4:3]; RNOP2 and CNOP2 commands must be issued during
the tCPDED period following the SRE command. Upon entering Self Refresh the bank counter for REFpb
will be reset by the DRAM.

CKa(nty /T | CK4 (int.)

WCK_t \ WCK_t \,
WCK_¢ NN A A WCK ¢/
CA0 § 1 i ‘ CA0
| | | Training
cal Y T XD A AX TR X CAl
| | ! No Training

DO O L

Self Refresh Entry (SRE) Self Refresh Exit (SRX)

NOTE 1 TR = Data Training.

NOTE 2 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

Figure 111 — Self Refresh Entry and Exit Commands

The CA interface and WCK receiver remain active upon entering Self Refresh mode, and a stable WCK
clock must be maintained. The state of RCK is not affected by entering Self Refresh mode, and is allowed
to change as described in the READ CLOCK (RCK) section.

TABLE 103 summarizes the commands allowed during self refresh mode; some of them are only allowed
when the TR bit set to H with the SRE command.

The Self Refresh related IDD6 specification applies when the TR bit is set to L with the SRE command
(“No Training”) and only NOP commands are issued as shown in F7GURE 112, higher power consumption
shall be expected when any of the above operations is initiated while Self Refresh mode is active.

The channel initiates a minimum of one internal refresh once it enters Self Refresh mode.
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6.14  Self Refresh (cont’d)

Table 103 — Commands Supported during Self Refresh

TR=L TR=H Notes
- Data training (LDFF, WRTR, RDTR, RDWTEC) 1
— Mode Register Set (MRS)
- Info Read (IRD) 2
CA Training Entry (CATE)
Sleep Mode Entry (SLE) 4
Self Refresh Exit (SRX)

NOTE 1 Refer to the Da74 TRAINING section for details.

NOTE 2 Refer to the /NFO READ section for details.

NOTE 3 Refer to the CommaNnD ADDRESS BUS TRAINING section for details. Exit from CA training requires a CSP command before
the channel returns to regular self refresh state and is ready to accept subsequent access commands.

NOTE 4 Refer to the SLEEP MODES section for details. Exit from sleep mode requires a CSP command before the channel returns to
regular self refresh state and is ready to accept subsequent access commands.

The channel remains in Self Refresh mode even when a configuration change, CA bus training or data
training have completed. The channel must be held in Self Refresh for at least tSR time.

Self Refresh mode is synchronously exited with the Self Refresh Exit (SRX) command as shown in FIGURE
111. A delay of at least tXS must be satisfied before a valid access command can be issued to the channel
to allow for completion of any internal refresh in progress. RNOP2 and CNOP2 commands must be issued
during that period. The channel can be put back into Self Refresh mode after issuing one extra REFab
command.

CA parity is evaluated with the SRE and SRX commands as well as all commands issued while in Self
Refresh mode when the parity calculation is enabled in MR15 OPO.

To Ty T Ta0 Tho Ty Teo Ta

‘ ‘ ‘ SRX x RNOP2 n xf Valid X

CA43] | cvorr | cnvorr | ooz [ | wvanar ||| onort | cnop2|[ | valia |

| | | |
trp ! tcpDED ! ! txs !
| |
| |

tsr

NOTE 1 Valid commands comprise MRS, IRD, RCKSTRT, RCKSTOP, LDFF, WRTR, RDTR or RDWTEC for data training
when TR = H. CATE for entering CA Bus Training and SLE for entering Self Refresh Sleep mode can be issued
regardless of the TR bit. See the 4C TimINGS section for timings between SRE and valid data training commands as
they require additional timings to be met beyond tCPDED.

NOTE 2 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 112 — Self Refresh Entry and Exit
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Table 104 — Signal States During Self Refresh

JEDEC Standard No. 239D
Page 207

Signal State ! Signal State
WCK t, WCK ¢ Active
RCK t,RCK ¢ Active or High-Z -3
CA Active
DQ, DQE @ TR=L High-Z
ERR Active
TR=H Active

NOTE 1 See the SLEEP MODES section for pin states during Self Refresh Sleep and Hibernate Self Refresh Sleep modes.

NOTE 2 See D474 TRAINING for the pin states during Data Training.
NOTE 3 The state of RCK _t and RCK c outputs also depend on the selected RCK type and mode.
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6.15 Sleep Modes

GDDR7 SGRAMs supports different variations of sleep modes to help reducing the device’s power
consumption during periods of no activity:

e Sleep mode: the channel is in a low power state without internal autonomous refresh; this mode is
primarily intended for frequency changes with a duration shorter than the refresh requirements of
the device, or cases where retaining data in the array is not required.

o Self Refresh Sleep mode: the channel is in the same low power state as above, but with internal
autonomous refresh activated. This mode is equivalent to the Self Refresh mode of GDDRG6.

e Hibernate Self Refresh Sleep mode: this mode is intended for longer periods of no activity; it sets
the channel in a state with even lower power consumption than with Self Refresh Sleep mode, at
the expense of a significantly extended period to return to normal operation.

Sleep mode can be entered from bank idle state with the Sleep Entry (SLE) command as shown in
FIGURE 113. Self Refresh Sleep mode can be entered from Self Refresh with the Sleep Entry (SLE)
command, or directly from bank idle state with the Self Refresh Sleep Entry (SRSE) command as shown
in FIGURE 113. The commands must be paired with a CNOP1 command on the column command inputs
CAJ[4:3]. Hibernate Self Refresh Sleep mode is entered instead of Self Refresh Sleep mode when the
Hibernate bit in MR8 OP11 has been set prior to the SLE or SRSE command. Upon entering Self Refresh
Sleep or Hibernate Self Refresh Sleep the bank counter for REFpb will be reset by the DRAM.

Both the Sleep Entry (SLE) command and the Self Refresh Sleep Entry (SRSE) command can only be
issued when all banks are precharged with tRP satisfied, and when all previous Read or Write operations
have completed. For Reads, a burst completion is defined as when the last data element including CRC has
been transmitted on the data outputs (tRDSLE timing); for Writes, a burst completion is defined as when
the last data element has been written to the memory array and the result of the write CRC check has been
returned to the host ({(WRSLE timing). Other operations, for example a MRS from bank idle or Self Refresh
states, must meet the related timings before SRSE (bank idle) or SLE (Self Refresh) commands. See the
SIMPLIFIED STATE DIAGRAM for relevant commands and states legal from bank idle and Self Refresh.

If RCK is configured to one of the Start/Stop modes and is running, it is required to stop RCK via the
RCKSTOP command prior to Sleep mode entry (refer to the RE4D CLOCK (RCK) section for details on
RCK). If RCK is in the always running mode, there is no need to stop the RCK prior to entering Sleep. In
this case the RCK will resume toggling during tRCK_AON_SLX.

RNOP2 and CNOP2 commands along with valid WCK clocks are required for a period of tCPDED cycles
following the SLE or the SRSE command.
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6.15  Sleep Modes (cont’d)

e B - e B -

CK4 (int) ¥ \ CK4 (int)

Sleep Entry (SLE) Self Refresh Sleep Entry (SRSE)

NOTE 1 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

NOTE 2 The channel enters Hibernate Self Refresh Sleep mode when the Hibernate bit in MR8 OP11 has been set prior to the
SLE or SRSE command.

Figure 113 — Sleep Mode Entry Commands

CAO must be held High to keep the channel in any of the Sleep modes (Sleep, Self Refresh Sleep and
Hibernate Self Refresh Sleep) while the channel’s other external signals are “Don’t care”. CA[4:1] and
WCK inputs are in ODT state. DQ and DQE signals as well as RCK t, RCK ¢ and ERR outputs are in
High-Z state. All power supplies (VDD, VDDQ, VPP) must be maintained at valid levels. Refer to

TABLE 105.

The WCK clock is internally disabled during Sleep modes to save power. The host may change the WCK
clock frequency or halt the WCK clock after the tCPDED timing has been met. Sleep Mode is the only state
(except reset state) in which a clock frequency change is allowed.

The state that the channel shall enter upon Sleep mode exit must be selected prior to entering Sleep mode:

e Exit from Sleep mode: if the SLX2CAT mode register bit in MRO OPS5 is set to Og, the channel will
enter CA Bus Training after the tSLX timing has been met; if the bit is set to 1g, the channel will
await the CSP command.

e  Exit from Self Refresh Sleep mode: if the SRSLX2CAT mode register bit in MRO OP6 is set to Os,
the channel will enter CA Bus Training Self Refresh after the tSLX timing has been met; if the bit
is set to 1p, the channel will await the CSP command. Note that Self Refresh remains active, and a
Self Refresh exit (SRX) command will be required before the channel can resume normal operation.

The minimum time that the channel must remain in Sleep mode is tSLEEP and tSRFSLP for Self Refresh
Sleep mode.

The procedure for exiting Sleep mode requires a sequence of events.

e Sleep mode exit is asynchronously initiated when CAO is pulled Low for at least tSLX time; the
other CA inputs must be driven High during this time;

e The WCK clock must be stable when CAO is pulled Low, and the WCK receiver will subsequently
be enabled;

o After tSLX time has elapsed, if SLX2CAT (MRO OP5) or SRSLX2CAT (MRO OP6) are set to 1z,
RNOP2/CNOP2 commands must be issued for at least tCSP_PRE period, followed by one CSP
command. Whereas if SLX2CAT or SRSLX2CAT (MRO OP6) are set to 0O, RNOP2/CNOP2
commands must be issued for at least tSLX _CAT followed by entry to CA Training.

o Ifthe WCK frequency in MR12 OP[8:4] has changed, an extra time tSLXFC as shown in
FIGURE 114 and FIGURE 115.

e  When in Self Refresh Sleep with Auto ECS operation enabled (MR22 OP11=13), the exit procedure
requires tSLX ECS must be met before issuing the CSP command.

e After tCSP_POST has elapsed, the device will return to bank idle state if exiting from Sleep mode,
and to Self Refresh with TR = H state if exiting from Self Refresh Sleep mode.
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6.15  Sleep Modes (cont’d)

During Sleep modes the on-die termination (ODT) and driver will not be auto-calibrated. Recalibration will
be automatically resumed within tSLX after Sleep mode exit or Self Refresh Sleep mode exit. No
recalibration is performed when calibration update has been set to off in MRS OP11.

CA parity is evaluated with the Sleep Entry or Self Refresh Sleep Entry commands when the parity
calculation is enabled in MR15 OP0. CA parity calculation is suspended during Sleep modes and will be
resumed during the tCSP_PRE period prior to when the CSP command is allowed.

When enabled in MRO OPO, CA bus inversion (CABI) is suspended during Sleep modes and will be
resumed within the tCSP_POST period following the CSP command. See the COMMAND ADDRESS BUS
INVERSION (CABI) section for details on CABI.

CK4 | i i i i |
(int) .. i ; i ; !

WCK_t VY Y TV
WCK_c U AR AR AR A AL S AR AR AR LR A
cao | v u
capo) | mvor | sk | myorz ] 0 [ ostes [ vora [ e | rooms ||| vara |
! 3 : : H 1 1
capa) [ avor | stz | ovona|] I [ oor ] con [ e | cvor [ e ]
\ \ | N ) CLPAR N 0
CAPARand  michn | CTjtican / AT 1 “ G i / carakand i
| tcrDED ‘ | ‘ tsrx h tsprc\ i tCSP_PRE‘ tesp_post ) 3
3 tsLEEP 3

[ ) pomtcare [ ) cA0-H caj]-DontCare [ | CAO=L, CAB]=H

NOTE 1 CAO is part of the row command bus CA[2:0] but broken out and shown separately to illustrate how CAOQ assumes the
function of a CKE input during Sleep Modes.

NOTE 2 The states of CAPAR and CABI calculations are applicable when the functions are enabled in the respective mode
registers.

NOTE 3 The tSLXFC time is required to be observed only if the WCK frequency in MR12 OP[8:4] has changed.

NOTE 4 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

NOTE 5 If RCK always on mode is enabled, RCK will restart asynchronously during tRCK_AON_SLX. See AC TimINGS for
details.

NOTE 6 The driving of CAO low to signal Sleep exit is asynchronous. tSLEEP is counted from the SLE command to the first
WCK trising edge after CAO is sampled low as WCK must be stable when CAOQ is pulled low. tSLX is referenced
from the same first WCK_t rising edge.

Figure 114 — Sleep Mode Entry and Exit
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CA[2:0] l SRSE l RNOP2 l RNOP2 ”l “l Hl RNOP2 ﬁl _CsP l RNOP2 ”l SRX_ l RNOP2 ”l | Valid l
CA[4:3] l ‘ CNOP1 l CNOP2 l CNOP2 ” l ‘ ” l | H l | CNOP2 ”l CNOP2 H l | csp l CNOP2 ”] ‘ CNOP1 l CNOP2 H] ‘ Valid l

teppED | tsix L tsixec tesp_PRE tesp_post i txs i

tsrrsLP tsLx_Ecs
CAPAR and CAPAR T:deCABI CAPé\iSaﬁxlw‘;i‘gCABI CAPQ.R\ abT.jchB[ Cé\:lg\llzenallallxgg Cé\APlﬁl:nE:b’iErl\;d CAPAR ﬁ,schB]
CABI o
State ‘ Sleep Mode with Self Refresh ‘ Self Refresh Int. ‘ Bank Idle
[ ] pontcare [ ) cAm1)=DontCare [ cao=Lcapa=H
NOTE 1 CAO is part of the row command bus CA[2:0] but broken out and shown separately to illustrate how CAOQ assumes the

function of a CKE input during Sleep Modes.

NOTE 2 The states of CAPAR and CABI calculations are applicable when the functions are enabled in the respective mode
registers.

NOTE 3 The tSLXFC time is required to be observed only if the WCK frequency in MR12 OP[8:4] has changed.

NOTE 4 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

NOTE 5 If RCK always on mode is enabled, RCK will restart asynchronously during tRCK_AON_SLX. See AC TimINGS for
details.

NOTE 6 The driving of CAO low to signal Sleep exit is asynchronous. tSRFSLP is counted from the SRSE command to the
first WCK _t rising edge after CAO is sampled low as WCK must be stable when CAO is pulled low. tSLX is
referenced from the same first WCK _t rising edge.

NOTE 7 tSLX ECS is the time from the SLX to the CSP command when Auto ECS is enabled (MR22 OP11=1g). tSLX ECS
is shown = tSLX-+HSLXFC+tCSP_PRE for illustration purposes. See AC TimINGs for details.

NOTE 8 When tSLX_ECS has expired, the ECS logs will not be guaranteed to be updated. The ECS logs will be guaranteed to

be updated after tCSP2IRD_ECS has expired.

Figure 115 — Self Refresh Sleep Mode Entry and Exit

Table 105 — Signal States During Sleep Modes

Signal State Signal State
WCK t, WCK ¢ ODT state (D DQ, DQE High-Z
CA0 Active RCK_t,RCK ¢ High-Z
CA[4:1] ODT state (V ERR High-Z

NOTE 1 The signals terminate with the programmed ODT setting, which could be terminating or High-Z.
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6.15  Sleep Modes (cont’d)

6.15.1 Hibernate Self Refresh Sleep Mode

Hibernate Self Refresh Sleep mode is a special mode that provides the same data retention as in the regular
Self Refresh Sleep mode but allows the channel to disable additional circuits to achieve an even lower
power consumption at the expense of a significantly extended period to return to normal operation. The full
power savings can only be achieved when all 2 or 4 channels of the device (depending on the selected
device configuration) are in Hibernate Self Refresh Sleep mode.

The Hibernate bit in MR8 OP11 is associated with Hibernate Self Refresh Sleep. The bit is self-clearing,
meaning that an MRS command must set this bit any time the device enters Hibernate Self Refresh Sleep
using the SLE or the SRSE command. See above for other conditions associated with these commands.

CAO must be held High to keep the channel in Hibernate Self Refresh Sleep mode while the channel’s other
external signals are “Don’t care”. CA[4:1] and WCK inputs are in ODT state. DQ and DQE signals as well
as RCK t, RCK c and ERR outputs are in High-Z state. All power supplies (VDD, VDDQ, VPP) must be
maintained at valid levels. Refer to 74BLE 105.

The minimum time that the channel must remain in Hibernate Self Refresh Sleep mode is tHSLEEP.
Exiting Hibernate Self Refresh Sleep requires a sequence of events as shown in FIGURE 116.

o At first, CAO must be pulled to Low for at least tXHP period and then be pulled High again.

e The channel is now in Self Refresh Sleep mode, and must be held in this mode for at least tXSH
period, to retain data during the extended exit time from Hibernate Self Refresh Sleep mode.

e After tXSH period the sequence for Self Refresh Sleep mode exit shall be followed to return to
normal operation.

To Tuo Teo Tio Ty Tho Tha Tha Tio
J J J J 7 NERS T
cA0 ks K | TR i J JUv
CA[2:0]1 MI{S(SelH;beeratebie)’ RNOP1 Hl SRSE ‘ RNOP2 ’ RNOsz ﬂ‘ ﬁ ”l m RNOPZJH RNOsz csp l RNOP2 X RNOPZ[”‘ Valid X
capal ovori | evor | ovort[[ avort | evors | everd [T ([ evord|| cvor|] & | “ovom | evord|[ va ]
‘ tvop teppED b | b 3 tsix tsixec ) tesp pRE tcsp_post
tHsLEEP
CAPAR | f | H (If ] r/If (IJ i
enablin > AR enable CAPAR and
CaXléI CAPAR and CABI enabled CAPAR and CABI disabling \ CAP/J\'R and CABIHdisabled H Cé%;r{disaa]edf C?;Q‘jmb:rl‘: eri/l:llgeld
U ] U i/ I I L 1/ U
Mode Bank Idle I Hibernate Self Refresh Sleep Mode || | seltRefresh Sleep Mode | Ii [[ self Refresh 1nt. [| Tsett Retresn

(:) Don't Care (:) CA[4:1] =Don't Care (:) CA0=L, CAl:1]=H

NOTE 1 The channel enters Hibernate Self Refresh Sleep mode when the channel is in bank idle state and an SRSE command is issued as
shown with the Hibernate bit set before. The channel also enters Hibernate Self Refresh Sleep mode when the channel is in Self
Refresh mode and an SLE command is issued instead of the SRFSLE command.

NOTE 2 CAO is part of the row command bus CA[2:0] but broken out and shown separately to illustrate how CAQ assumes the function of a
CKE input during Hibernate Self Refresh Sleep Mode.

NOTE 3 The states of CAPAR and CABI calculations are applicable when the functions are enabled in the respective mode registers.
NOTE 4 The tSLXFC time is required to be observed only if the WCK frequency in MR12 OP[8:4] has changed.

NOTE 5 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference
for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 116 — Hibernate Self Refresh Sleep Mode Entry and Exit
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6.16 Power-Down

Entering Power-Down mode can reduce the operating power of the GDDR7 SGRAM during idle phases
when all previous Read or Write operations have completed. For Reads, a burst completion is defined as
when the last data element including CRC has been transmitted on the data outputs (tRDPDE timing); for
Writes, a burst completion is defined as when the last data element has been written to the memory array
and the result of the write CRC check has been returned to the host ({tWRPDE timing).

Power-Down is entered with the Power-Down Entry (PDE) command as shown in F/GURE 117. The
command must be paired with a CNOP1 command on the column command inputs CA[4:3]. If
Power-Down entry occurs when all banks are idle, this mode is referred to as Precharge Power-Down; if
Power-Down entry occurs when there is a row active in at least one bank, this mode is referred to as Active
Power-Down.

CK4(int) |

Power-Down Entry (PDE) Power-Down Exit (PDX)

NOTE 1 WCK and CA are shown aligned (tWCK2CA = 0) for illustration purposes. CA training determines the needed offset
between WCK and CA.

Figure 117 — Power-Down Entry and Exit Commands

Power-Down mode can be entered while other operations such as row activation, precharge (including auto
precharge), refresh or mode register set are in progress. The respective tACTPDE, tPREPDE, tREFPDE,
and tMRSPDE timings must be met before entering Power-Down. The Power-Down related IDD2P or
IDD3P specifications will not apply until such operations are complete.

Entering Power-Down deactivates the data input and output buffers while the CA and WCK input buffers
and the ERR output remain enabled, awaiting a synchronous Power-Down exit. RCK tand RCK _c outputs
may be active or in High-Z state; they will keep their state while in power-down.

A stable WCK clock must be maintained and RNOP2 and CNOP2 commands must be continuously issued
while in Power-Down. The channel must be held in Power-Down for at least tPD time. The maximum
Power-Down duration is limited by the refresh requirements of the device, as no Refresh commands can be
issued during Power-Down. Refer to the Refresh section for detail on refresh.

Power-Down mode is synchronously exited with the Power-Down Exit (PDX) command as shown in
FIGURE 118. RNOP2 and CNOP2 commands must be issued for at least tXP cycles following the Power-
Down Exit command before the channel is back in either bank idle or bank active state and ready to receive
subsequent access commands.

CA parity is evaluated with the PDE and PDX commands as well as all commands issued while in Power-
Down mode when the parity calculation is enabled in MR 15 OPO.
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6.16 Power-Down (cont’d)

CK4
(int)
WCK _t
WCK ¢

CA[2:O]X RNOP1 x PDE X RNOP2 Hx PDX X RNOP2 Hx Valid X

CA[4:3] x CNOP1 XACNOPl X CNOP2 ” XACNOPl x CNOP2 H x# Valid X

|

t , t t

ACTPDE/ tPREPDE/ {REFPDE,/ | tep 1 txp 1
tMRSPDE/ tRDPDE OF tWRPDE |

NOTE 1 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 118 — Power-Down Entry and Exit

Table 106 — Signal States During Power-Down

Signal State Signal State
WCK t, WCK ¢ Active
RCK t,RCK ¢ Active or High-Z
CA Active
DQ, DQE Off (ODT state) ERR Active
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6.17 Frequency Change Sequence (fWCK)

GDDR7 SGRAMSs supporting multiple WCK frequencies allow the WCK frequency to be changed during
the course of normal operation following the WCK Frequency Change Sequence. By following the
sequence the device’s data rate can be modified whenever only a fraction of the maximum available
bandwidth is required by the current workload.

WCK frequency changes can take place after entering self refresh sleep or sleep mode using the standard
WCK Frequency Change procedure.

The sequence requires the device to be properly given MR10 to MR15 to prepare the setting for the new
WCK frequency before self refresh sleep or sleep mode entry.

The host must issue FD FLAG enable (MRO OP11 = 0g) and MR10 to MR15 respect to the new fWCK
for the device to suspend MR10 to MR 15 setting before self refresh sleep or sleep entry and to have MR10
to MR15 changed after self refresh sleep exit or sleep mode exit.

The sequence requires the device to be properly placed into self refresh sleep or sleep before the frequency
is changed from the existing stable frequency, Foriginal, to the new desired frequency, Fnew. The WCK
Change Frequency Sequence procedure also requires changes to the Frequency Range mode register using
MR12 bits OP[8:4], depending on whether the feature is supported.

The DRAM vendor’s datasheet shall be consulted regarding the supported frequencies for WCK Frequency
Change Sequence, and any dependencies of AC timing parameters on the selected frequency.

Step 1) Wait until all commands have finished, all banks are idle or Self Refresh.

Step 2) Issue FD_FLAG (MRO OP11=0) & MR10 to MR15 MRS commands to suspend frequency related
MRS change.

If the new desired WCK clock frequency requires termination, enable the CA termination before
switching to the new frequency if it is not already enabled.

Step 3) Issue SRSE or SLE command followed by NOP until tCPDED is met.
Step 4) Change the WCK clock frequency and wait until clock is stabilized.

Step 5) Exit Self Refresh Sleep or Sleep and wait for tSLX + tSLXFC + tSLX CAT or tSLX + tSLXFC +
tCSP_PRE.

Step 6) Perform CA training and issue CATX command wait for tCATX to reach intermediate state if
SRSLX2CAT or SLX2CAT is enabled (MRO OP5 or OP6 = 0).

After tCATX or tSLX + tSLXFC + tCSP_PRE, issue CSP command and wait tCSP_POST.
Step 7) Perform READ and WRITE training, if required.

Issue SRX command and wait for tXS if self refresh sleep mode was entered at Step 3. The self
refresh exit procedure must be met.

Step 8) Device is ready for normal operation after any necessary interface training.

NOTE: Either in Step 2 or Step 7 other Mode Register settings, for example, RLmrs, WLmrs, or etc. that
need to change, should be set for the new frequency before any training and the device is ready for normal
operation. Otherwise, proper operation cannot be guaranteed.



JEDEC Standard No. 239D
Page 216

6.17 Frequency Change Sequence (fWCK) (cont’d)

ST 1 0 O WO I

S

U l H

|
[
(

cao L0 UL T (_VWU l
CA[240] s J[[ oo [T v [ evoer [[[ s [T norr [ st rwors | ora ] U I onors | e |[[ e | iwors | wwora|[[ vaia |
| | | | | | | :
Al enort |[]evor |[ 1 cvorr|[]onorr [ enort|[]enort [[] avort | evora | cnorz]] i I ovors | ovors|[[ e | owors | oors [ v |
| 0 W i Ly 3 W N W
CAPAR CAPAR and CABI CAPAR and CABI CAPAR and CABI APAR resuming EAPARcaIculate CAPAR calculated/ | CAPAR and CABI
C‘"‘Xgl ! ! calculated disabling disabled CABI disabled || CABI disabled || CABI resuming calculated
trp ) tmop ). tmop ) tmop t\CPDED i § i tsLx | terxec | tesp_pRE 3 \fcspjosr v
’L(FDFLAGenabled KEFDMR suspended Al MR10-15 modified tsLEEP !
(MRO OP11=D) (MR10-15)

[ ] portcare [] cao-H capil-Don'tCare [] cao=Lcapn=H

NOTE1 WCK frequency change at SLEEP mode and SLX2CAT disabled for illustration

NOTE 2 The channel enters Self Refresh Sleep mode when the channel was in bank idle state and an SRFSLE command is issued instead of the SLE command.

NOTE 3 CA Training and Data Training must be executed if required after WCK frequency change.

NOTE 4 CAO is part of the row command bus CA[2:0] but broken out and shown separately to illustrate how CAO assumes the function of a CKE input during Sleep Mode.

NOTE 5 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for timings is to the last CK4 cycle
of the command. See the CLOCKING section for more details.

Figure 119 — Example of WCK Frequency Change
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6.18 Dynamic Voltage Sequence (DVS)

GDDR7 SGRAMs supporting multiple supply voltages allow the supply voltage to be changed during the
course of normal operation using the Dynamic Voltage Switching (DVS) feature. By using DVS the
device’s power consumption can be reduced whenever the operating frequency is supported at a lower
voltage.

DVS requires the device to be properly placed into self refresh sleep or sleep mode before the voltage is
changed from the existing stable voltage, Voriginal, to the new desired voltage, Vnew. The DVS procedure
may also require changes to the VDD Range mode register using MR12 bits OP[1:0] and the VDDQ Range
mode register using MR12 bits OP[3:2], depending on whether the feature is supported. The DRAM
vendor’s datasheet shall be consulted regarding the supported supply voltages for DVS, and any
dependencies of AC timing parameters on the selected supply voltage. WCK frequency changes can also
take place after entering self refresh sleep or sleep mode using the standard WCK Frequency Change
procedure. A WCK frequency change in conjunction with DVS is required if tWCK is less than tWCKmin
supported by Vnew. In this case normal device operation including self refresh sleep or sleep exit is not
guaranteed without a frequency change.

Once self refresh sleep or sleep is entered, tCPDED must be met before the supply voltage is allowed to
transition from Voriginal to Vnew. After VDD and VDDQ are stable at Vnew, tVS must be met to allow
for internal voltages in the device to stabilize before self refresh sleep or sleep mode may be exited. During
the voltage transition the voltage must not go below Vmin of the lower voltage of either Voriginal or Vnew
in order to prevent false chip reset. Vmin is the minimum voltage allowed by VDD or VDDQ in the DC
operating conditions table.

Step 1) Complete all operations and precharge all banks or self refresh on all active channels (either 2 or 4
depending on the configuration) on the device.

Step 2) Issue FD FLAG (MRO OP11=0) & MR10 to MR15 MRS commands on all active channels to
suspend voltage related MRS change.

Also issue other MRS commands to set VDD Range and VDDQ Range to proper values for Vnew.
This step is only required when the VDD Range and VDDQ Range mode register field is supported
by the device. The DRAM vendor’s datasheet should be consulted to verify if the feature is
supported.

Step 3) Enter self refresh sleep or sleep mode on all active channels. Self refresh sleep and Sleep entry
procedure must be met.

Step 4) Wait required time tCPDED before changing voltage to Vnew.

Step 5) Change VDD and VDDQ to Vnew.

Step 6) Wait required time tVS for voltage stabilization.

Step 7) Exit sleep mode and wait for tSLX or tSLX + tCATE. The sleep exit procedure must be met.

Perform CA training and issue CATX command wait for tCATX to reach intermediate state if
SRSLX2CAT or SLX2CAT is enabled (MRO OP5 or OP6 = 0). After tCSP_PRE, issue CSP
command on all active channels and wait until tCSP_POST.

Step 8) Issue MRS commands to adjust mode register settings as desired (e.g., latencies, CRC on/off).
Step 9) Perform any interface training as required.

Step 10) Issue SLX command on all active channels and the sleep exit procedure must be met if self refresh
sleep mode was entered at Step 3. Continue normal operation.
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6.18 Dynamic Voltage Sequence (DVS) (cont’d)

Voriginal

___________________________________________________________________________________________________________________

i Voltage
I ramp

AR RS Ut B B Fa i W

A 2 A 1 O O I A I (Al Bt v
l RNOP1 “l MRS Hl RNOP1 Hl MRS Hl RNOP1 Hl MRS H l RNOP1 ”l ‘ SLE l RNOP2 l RNOP2 Hl ‘ “l ‘ ul ‘ RNOP2 l § RNOP2 “l . C?I’ . l RNOP2 l RNOP2 ]” ‘ Valid l
[ enort [ ot |[| v [ oxori][ ] &xord [ ewont [ ewet [ evort | ors | enord [ T I oor | evors|[[ e | owor | ovor|[[ Tvaa |
3 ‘ ‘ ‘ i I i L) )| ) N
CAPAR and CABI CAPAR and CABI CAPAR and CABI ICAPAR resuming TAPAR Calculate1 CAPAR calculaled( CAPAR and CABI
calculated disabling disabled CABI djsabled CABI disabled CABI resuming calculated
trp § ) tMop § ) tmop § ) tMop % t\CI’DED ' i i tsix i \t\SLXFC i tCSU’I\;E 3 tesp_post
FD FLAG en‘pbled (LFDN[R susper‘}ded ¢ IMR10-15 modified tsLEEP ;
(MRO OP11=0) (MR10-15) :
l:) Don’t Care (:) CAO0=H, CA[4:1] = Don’t Care (:) CAO0=L, CA[4:1]=H
NOTE 1 DVS at SLEEP mode and SLX2CAT disabled for illustration purposes.
NOTE 2 The channel enters Self Refresh Sleep mode when the channel was in bank idle state and an SRFSLE command is issued instead of the SLE command.
NOTE 3 CA Training and Data Training must be executed if required after DVS.
NOTE 4 CAO is part of the row command bus CA[2:0] but broken out and shown separately to illustrate how CAO assumes the function of a CKE input during Sleep Mode.
NOTE 5 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for timings is to the last CK4 cycle
of the command. See the CLOCKING section for more details.
NOTE 6 The tSLXFC time is required to be observed only if the WCK frequency in MR12 OP[8:4] has changed.

Figure 120 — Example of Dynamic Voltage Change
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7  Data Integrity

GDDR7 SGRAMs include several features to ensure the integrity of the data either in the DRAM cells or

during Read and Write operations.

Table 107 — Data Integrity Related Features

FEATURE ABR Description
Cyclic Redundancy Check CRC Separate CRC for Read and Write data transfers
On-Die Error Checking and Correcting OD-ECC DRAM based ECC for integrity of the data in
the core
Severity SEV Real- time reporting of errors from OD-ECC
Poison PSN Host flags data packet as corrupted data
Error Check and Serub Auto ECS DRAM operates in background to detect and
correct errors in the core
ECC Engine Test Mode Test engine for OD-ECC
. DRAM checks parity of the CA packet and
Command Address Parity CAPAR notifies host if parity does not match
Command Address Pamy with Command CAPARBLK DRAM hold commands until parity is checked
Blocking
. DRAM acknowledges CSP command after exit
CSP Feedback (optional) CSPFB from sleep, self refresh sleep or CA bus training
Hard Post Package Repair hPPR Replace row(s) in a bank with a spare row
Refresh Management RFM Supplemental Refresh
Adaptive Refresh Management ARFM Additional thresholds for supplemental Refresh
Direct Refresh Management DRFM Host directed supplemental Refresh
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7.1 Read and Write CRC

GDDR7 SGRAMs support Cyclic Redundancy Check (CRC) data link protection for read and write
operations. The WRCRC bit in MRO OP4 controls CRC for Writes, and the RDCRC bit in MR0O OP5
controls CRC for Reads. Both bits default to disabled and must be enabled if desired prior to a read or write
operation.

The GDDR7 CRC is computed for each burst transfer on the data and associated meta data (Severity and
Poison). During reads the GDDR7 SGRAM calculates and sends the CRC on the DQE signal to the host
controller, which calculates the CRC on the received data and compares the result to validate the transfer.
During writes the host calculates and sends the CRC to the DRAM, together with the write data, the DRAM
calculates the CRC on the received data and compares it with the received CRC. In case of a mismatch the
DRAM returns to the host an error flag (WRCRC2ERR) on the ERR signal if this option is enabled as
described before. Refer to the £RR SIGNAL section for more details on the ERR signal protocol.

Table 108 — GDDR7 CRC Error Detection Details

Error Type Detection Ratio'
Single Bit 100%
Double Bit 100%
Triple Bit 100%
Quad Bit ~99.95%
Random Odd Count 100%
Random Burst? ~99.99%
NOTE 1 Detection ratios are calculated for the CRC-9 (0x14b) polynomial applied on half of
the burst (164 bits).
NOTE 2 Even/ Odd interleaved CRC generation maximizes burst error detection (up to 18
bits)

CRC is supported in NRZ and PAM3 modes. In PAM3 mode, the CRC is calculated on the PAM3 encoded
burst data plus the encoded burst metadata (poison and severity), that amounts for a total of 328 bits per
transfer. The GDDR7 SGRAMs allocate 18 bits for the checksum code that are transmitted on the DQE
signal, together with other burst data as shown in #7GURE 122. The CRC computation is performed by two
CRC blocks where each block applies the same CRC-9 (x*+x"+x*+x*+x+1) polynomial on even and odd
bits of the burst separately. The checksum code is PAM3 encoded at the output of the CRC blocks, as shown
in FIGURE 121, in PAM3 mode as well as in NRZ mode.

2:0 3:0
cre_even_in[163:0] CRC_even crc_even[8:0] (0] 3b2s (301 . o
— — nc_crc_even[11:0]
164 >9 53] 3b2s [7:4]
8:6] 3b2s [11:8]
20] 3b2s 30
cre_odd_in[163:0] ] CRC odd | crc odd[s:0] - e odd(11]
164 >9 > 53] 3b2s [74]|l—— —""'%"
8:6] 3b2s [118]

NOTE 1 The 9-bit output of the CRC blocks is always encoded to PAM3 compliant 12-bit wide codes, using 3 x 3b2S encoders
as shown in the drawing, either in NRZ or PAM3 modes. For details on the 3b2S encoder please refer to the PAM3
section.

Figure 121 — CRC-9 Even and Odd Blocks and Output Encoding
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and Write CRC (cont’d)

the same CRC scheme applies, however the calculation is carried on the 256 bits of the data
encoding, plus the encoded metadata. Still the CRC computes over a total of 328 bits, where

the bits that would correspond to DQS and DQ9 (disabled in NRZ mode) and the remainder data bits in
DQE, are assumed 1s for the CRC computation, as shown in FIGURE 123.

PAM3
DQ bit index

To Tis
S0 S1 52 S3 4 5 6 7 8 9 10 11 12 13 14 15
b0  blf4b2 b3 f4bd b57,4b6 b74b8 b9 10 bl 12 bl 14 bl 16 b1774b18 b1 20 b24b22 b23fyb24 b254b26 b27{b28 b294b30 b3

crc_even/crc_odd e o e o e o e o e o e o e o e o e o e o e o e o e o e o e o e o
p [ofoJi1[1J2]2[3]s3[4aJals5]s5]6]6]7[7[8][s8]of]ofwJw[uJul[r[2]1[B]14][14]15]15
o0 DQ1 [16 [ 16 [ 17 [ 17 [ 18181919 [20 [ 20 [21 [ 21 [ 22 [ 22 [23 [ 23 [ 24242525 26262727 ] 28] 28] 2929 ]30]30]31]3l
= DQ2 [ 32[32]33 [ 3334343535 36]36]37]37 [38]38 393940404141 [42] 424343 [ 4444 45 45] 46 | 46 ] 47 | 47
g DQ3 [48 [ 48 [ 49 [ 49 [ 50 [ 50 [ 51 [ 51 [ 52 [ 52 | 53 | 53 | 54 | 54 | 55 | 55 | 56 | 56 | 57 | 57 | 58 [ 58 | 59 [ 59 | 60 | 60 [ 61 | 61 | 62 | 62 ] 63 | 63
El DQ4 [64 [64 [ 65 65 66 66|67 67686860 6o [70]7o]n[rn[rn[7n2]r][73][7a[7a]75][75]76][76]77[77][7s]7][79]7
'5 DQ5 [ 80 [ 8081 |81 [82]82]83 8384848585 86 8|87 [87[s8]ss][89][s9[o0]o0o]or[or]o2]o2][o3[93]oa]oa[05]05
& DQ6 [ 96 [ 96 [ 97 [ 97 [98 [ 98 [ 99 [ 99 [100] 100] 101] 101 [102] 102 103 ] 103 [ 104 ] 104 ] 105 [ 105 [ 106 ] 106 [ 107 [ 107 [ 108 [ 108 ] 109 [ 109 [ 110 [ 110 | 111 [ 111
*z pQ7 [12]12]us] 3] na] 45516116 [ 7]z 18119 119 120 120 [ 121 [ 121 [ 122 122 [ 123 [ 123 [ 124 [ 124 [ 125 [ 125 [ 126 [ 126 [ 127 [ 127
g D8 [128[128] 1290129 130 [ 130 131|131 132132 133 [ 133 [ 134 [ 134 [ 135 [ 135 [ 136 [ 136 [ 137 [ 137 [ 138 [ 138 [ 139 [ 139 [ 140 [ 140 [ 141 [ 141 [ 142 [ 142 [ 143 143
g DQ9 [144[144] 145 145 146 [ 146 [ 147 [ 147 [ 148 [ 148 [ 149 [ 149 [ 150 [ 150 [ 151 [ 151 [ 152 [ 152 [ 153 [ 153 [ 154 [ 154 [ 155 [ 155 [ 156 [ 156 | 157 [ 157 [ 158 [ 158 | 159 [ 159
DQE  [160 160 161 161 [162] 162 163 ] 163
Enc_MD Enc_data_DOE Enc_crc_even Enc_crc_odd
DQE burst bit mapping® | PSN/SEV 6 bits pam3 data remainder I —Cre
oJ1JoJ1J2]3]a[s[oJ1[2]3]a[s[e[7[s]oJw[uJo[t[2]3]4a[s5[6[7[s8]o]w]uu
NOTE 1 The 0 to 163 index numbers in the table illustrate the input bit order for the CRC blocks, as shown in FIGURE 124.
NOTE 2 The Enc_MD, Enc Data DQE, Enc_crc_even and Enc_crc_odd labels correspond to the input/output variables in F/GURE 125, the bit

order matches the PAM3 burst bit mapping, please refer to the PAM3 section for details.

Figure 122 — DQ to CRC Input/Output Bit Assignment and DQE Burst Bit Order in PAM3

To Ta
20080000 000000000000006000068660.06
crc_even/crc_odd e o e o e o e o e o e o e o e o o e 0 e o e o e o e o e o e o
DQo 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 [ 10 | 11 [ 11 | 12 [ 12 | 13 | 13 | 14 | 14 | 15 | 15
o0
£ DQ1 16 16 17 | 17 | 18 18 19 19 | 20 | 20 | 21 21 22 | 22 23 23 | 24 | 24 [ 25 [ 25 | 26 | 26 | 27 | 27 | 28 | 28 | 29 | 29 | 30 | 30 | 31 31
a.
% DQ2 32 | 32 | 33 | 33 | 34 | 34| 35 35 | 36 | 36 [ 37 | 37 | 38 | 38 | 39 | 39 | 40 | 40 | 41 41 42 | 42 | 43 | 43 | 44 | 44 | 45 | 45 | 46 | 46 | 47 | 47
E DQ3 48 | 48 [ 49 | 49 | 50 | 50 | 51 51 52 | 52 | 53 | 53 | 54 | 54 | 55 | 55 56 | 56 | 57 | 57 | 58 | 58 | 59 | 59 60 | 60 | 61 61 62 | 62 | 63 63
3
Eﬁ- DQ4 64 | 64 | 65 | 65 | 66 66 67 | 67 | 68 | 68 | 69 | 69 70 70 71 71 72| 72| 73 | 73 74 74 75 75 76 | 76 | 77 | 77 | 78 78 79 79
G DQ5 80 | 80 | 81 | 81 | 82 | 82 | 8 | 83 | 84 | 84 | 85 | 85 | 8 | 86 | 87 | 87 | 88 | 88 | 89 | 89 | 90 | 90 | 91 | 91 | 92 | 92 [ 93 | 93 | 94 | 94 | 95 | 95
6 DQé6 96 | 96 | 97 | 97 | 98 | 98 | 99 | 99 | 100 | 100 | 101 | 101 | 102 | 102 | 103 | 103 | 104 | 104 | 105 | 105 | 106 | 106 | 107 | 107 | 108 | 108 | 109 | 109 | 110 | 110 | 111 | 111
‘3 DQ7 112 | 112 | 113 | 113 | 114 | 114 | 115 | 115 | 116 | 116 | 117 | 117 | 118 | 118 | 119 | 119 | 120 | 120 | 121 | 121 | 122 | 122 | 123 | 123 | 124 | 124 | 125 | 125 | 126 | 126 | 127 | 127
E DQ8
o4 DQ9
a
DQE | 160 | 160
Enc_MD
| e Enc_arc_even Enc_cre_odd
DQE burst bit mapping’ | PSN/SEV
0|1 [T 2T +] oJ1J2[s[a]s]e[7[s8[ofJw]uloJ1J2[3[4a]s5]e6[7][8]ofw]n

NOTE 1

NOTE 2

NOTE 3

The 0 to 163 index numbers in the table illustrate the input bit order for the CRC blocks, as shown in F/GURE 124, and the
Enc_crc_even and Enc_crc_odd describe the CRC output bit order in the DQE burst data transfer.

In NRZ the data burst is not PAM3 encoded, thus only 256 data bits per transfer are transmitted. To keep the same CRC encoding
scheme with 328 input bits, the bit positions that would correspond to the data transferred on DQ8 and DQ9 as well as the DQE data
remainder in PAM3 mode are considered fix to one for the CRC computation and grayed out in this table.

The Enc_MD, Enc_Data DQE, Enc_crc_even and Enc_crc_odd labels correspond to the input/output variables in F/GURE 125, the bit
order matches the PAM3 burst bit mapping, please refer to the PAM 3 section for details.

Figure 123 — DQ to CRC Input Bit Assignment and DQE Burst Bit Order in NRZ

The GDDR7 SGRAMSs implementation of the 0x14b CRC-9 polynomial in RTL is shown in FIGURE 124,
the input and output bit ordering for the CRC blocks is shown in F7GURE 122 for PAM3 and in
FIGURE 123 for NRZ.
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7.1 Read and Write CRC (cont’d)

// This module contains a combinatorial parallel 9-bit CRC implementation

// Polynomial 0x14b: X" 9+X"T7+X"4+X"2+X"1+1

module crc( din, cout );

input [ :0] din;

output [¢:0] cout;

assign cout[0] = din[0] * din[2] # din[4] * din[5] # din[6] # din[7] # din[11] ~ din[12] % din[17] ~ din[18] %~ din[19] ~ din[20] %~ din[23] » din[26] ~ din[27] % din[20] ~ din[52] % din[23] ~ din[34] #~ din[39] » din[42] #
din[44] ~ din[45] % din[49] ~ din[51] % din[52] ~ din[52] %~ din[54] » din[55] ~ din[56] # din[57] ~ din[62] % din[64] ~ din[65] #~ din[67] » din[62] A din[70] # din[72] ~ din[73] % din[74] ~ din[76] % din[77] ~ din[78] %
din[80] ~ din[82] % din[85] ~ din[&7] #~ din[21] » din[92] ~ din[94] # din[2°] ~ din[96] % din[99] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 » din[ 1~
din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 17
assign cout[!] = din[0] % din[!] % din[?] # din[®] # din[4] * din[2] # din[l1'] ~ din[13] %~ din[l7/] #~ din[27] ~ din[25] % din[”4] # din[26] ~ din[28] #~ din[20] % din[2®1] # din[22] ~ din[35] % din[®°] # din[40] ~ din[43] %
din[46] ~ din[49] %~ din[50] ~ din[51] ~ din[58] % din[62] # din[66] ~ din[67] #~ din[69] # din[7/0] ~ din[7/1] %~ din[72] % din[/5] # din[76] ~ din[79] % din[20] # din[81] ~ din[83] % din[84] # din[85] ~ din[26] #~ din[87] *
din[#8] A din[91] % din[93] ~ din[94] % din[%7] ~ din[99] % din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[

A din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 17

assign cout[”] = din[0] * din[!] # din[3] * din[c] » din[7] # din[%] # din[11] ~ din[14] % din[17] ~ din[19] %~ din[20] ~ din[22] %~ din[23] » din[24] ~ din[25] % din[26] ~ din[29] % din[20] ~ din[31] %~ din[34] » din[36] #
din[39] ~ din[40] % din[41] ~ din[42] % din[4°5] ~ din[47] %~ din[49] * din[50] ~ din[53] # din[54] ~ din[55] % din[56] ~ din[57] % din[59] ~ din[62] ~ din[65] # din[71] ~ din[74] % din[7¢] ~ din[81] % din[82] ~ din[82] %
din[84] ~ din[86] # din[28] ~ din[89] ~ din[91] % din[26] * din[28] ~ din[99] % din[ 1 ~ din[ ] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 17

assign cout[®] = din[Il] % din[”] % din[4] # din[/] # din[2] * din['0] ~ din[ 2] %~ din['5] # din[18] ~ din[20] %~ din[21] % din[Z%] * din[24] ~ din[25] % din[26] * din[27] ~ din[20] %~ din[®1] # din[22] ~ din[25] %~ din[27/] *
din[40] ~ din[41] %~ din[42] ~ din[44] ~ din[46] % din[48] # din[50] ~ din[51] % din[54] # din[55] ~ din[56] %~ din[57] % din[58] » din[60] ~ din[64] % din[66] » din[72] ~ din[7/5] % din[/9] # din[82] ~ din[83] %~ din[&84] #
din[#5] ~ din[£7] % din[89] ~ din[90] %~ din[%2] * din[97] ~ din[99] # din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1
din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1;

assign cout[4] = din[0] % din[®] % din[4] # din[¢] # din[/] * din[2] # din[®] ~ din['”?] #~ din[' 2] %~ din[16] ~ din[ /] ~ din[ %] % din[20] * din[21] ~ din[22] % din[22] * din[24] ~ din[25] %~ din[28] % din[20] ~ din[21] #~
din[34] ~ din[26] # din[38] ~ din[29] % din[41] ~ din[42] % din[44] * din[47] ~ din[53] # din[54] ~ din[58] % din[59] ~ din[61] % din[63] » din[64] ~ din[68] # din[70] ~ din[72] % din[74] ~ din[77] % din[7¢] ~ din[84] %
din[86] ~ din[87] # din[22] » din[20] ~ din[92] % din[92] # din[%4] ~ din[25] %~ din[96] % din[%8] ~ din[29] #~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ ] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1”
din[155] A din[156] ~ din[158] ~ din[159] A din[162] ~ din[162];

assign cout[5] = din[!l] % din[4] % din[5] # din[/] # din[#] * din[%] # din[10] ~ din[13] % din[14] #~ din[17] ~ din[18] %~ din[1°] % din[2?7] ~ din[22] #~ din[?3] % din[?4] ~ din[25] ~ din[”6] % din[”°] # din[Z1] ~ din[32] #
din[3°] ~ din[27] % din[39] ~ din[40] % din[42] ~ din[42] %~ din[45] * din[48] ~ din[54] % din[5°] ~ din[59] % din[60] ~ din[62] % din[64] » din[65] A din[69] # din[71] ~ din[73] % din[75] ~ din[78] % din[79] ~ din[&85] %
din[27] ~ din[&89] #~ din[29] » din[21] ~ din[93] % din[94] # din[%5] ~ din[26] ~ din[97] % din[29] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1”
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1”
din[156] A din[157] A din[159] ~ din[160] ~ din[163];

assign cout[6] = din[”] % din[5] % din[¢] # din[2] # din[%] # din[10] ~ din[ 1] %~ din['4] # din[15] ~ din['8] #~ din['9] % din[20] * din[22] ~ din[23] % din[24] * din[25] ~ din[26] %~ din[2/] # din[20] ~ din[22] %~ din[23] *
din[36] ~ din[28] % din[40] ~ din[41] % din[43] ~ din[44] %~ din[46] * din[49] ~ din[55] % din[56] ~ din[60] % din[61] ~ din[62] % din[65] » din[66] ~ din[70] # din[72] ~ din[74] % din[76] ~ din[79] % din[80] ~ din[86] 2
din[88] ~ din[89] % din[20] ~ din[22] %~ din[94] % din[95] » din[%6] ~ din[97] % din[98] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1"
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1”
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1;

assign cout[/] = din[0] % din[”] % din[®] # din[4] # din[5] * din[%] # din[10] ~ din[15] % din[1¢] #~ din[17] ~ din[18] %~ din[”1] % din[24] ~ din[25] %~ din[?8] % din[20] » din[Z1] ~ din[32] % din[®7] # din[41] ~ din[42] #
din[42] ~ din[47] % din[49] ~ din[50] % din[51] ~ din[52] %~ din[53] # din[54] ~ din[55] % din[c1] ~ din[62] % din[62] ~ din[65] % din[66] » din[62] A din[70] # din[71] ~ din[72] % din[74] ~ din[75] % din[76] ~ din[78] %
din[21] ~ din[82%] % din[25] » din[29] ~ din[90] % din[92] # din[22] ~ din[24] #~ din[97] % din[92] ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1”
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1:
assign cout[¢] = din[!] * din[3] # din[4] * din[5] * din[6] # din[10] ~ din[11] # din[ 6] ~ din[17] % din['¢] ~ din[19] %~ din[22] * din[25] #~ din[26] # din[29] ~ din[21] % din[22] ~ din[32] % din[28] » din[42] %~ din[43] *
din[44] ~ din[48] % din[50] ~ din[51] % din[52] ~ din[52] %~ din[54] » din[55] ~ din[56] # din[62] ~ din[62] % din[64] ~ din[c6] A din[67] » din[69] ~ din[71] # din[72] ~ din[73] % din[75] ~ din[76] % din[77] ~ din[79] %
din[82] ~ din[84] % din[86] ~ din[90] %~ din[21] * din[93] ~ din[94] # din[2°] ~ din[98] % din[99] ~ din[ 1 ~ din[ 1 » din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 # din[ 1 ~ din[ 1 # din[ 1~
din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1 ~ din[ 1;
endmodule

1

Figure 124 — RTL Implementation of the CRC Calculation Based on the Given CRC-9 Polynomial
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assign crc_even_in = CRC_en? PAM3 ?

,Enc_data_DQ9[30,28,26,24,22,20,

assign Enc_crc_even[::0] = CRC_en ?
assign Enc_crc_even[/:4] = CRC_en ?
assign Enc_crc_even[l1:8] = CRC_en ?

,Enc_data_DQ9[31,29,27,25,23,21,
,Enc_data_DQ8[31,29,27,25,23,21,
,Enc_data_DQ7[31,29,27,25,23,21,
,Enc_data_DQ6[31,29,27,25,23,21,
,Enc_data_DQS5[31,29,27,25,23,21,
,Enc_data_DQ4[31,29,27,25,23,21,
,Enc_data_DQ3[31,29,27,25,23,21,
,Enc_data_DQ2[31,29,27,25,23,21,
,Enc_data_DQ1[31,29,27,25,23,21,
,Enc_data_DQO[31,29,27,25,23,21,

{3’bl11l1, Enc_MD[I], ' hFFFFFFFEF,
SDQ7L21,20,27,25,25,21,19,17,15,
SDQ6[21,20,27,25,25,21,19,17,15,
,DO5[31,29,27,25,23,21,19,17,15,
,DQ4[31,29,27,25,23,21,19,17,15,
,DQ3[31,29,27,25,23,21,19,17,15,
,DQ2[31,29,27,25,23,21,19,17,15,
,DQ1[31,29,27,25,23,21,19,17,15,
,DQO[31,29,27,25,23,21,19,17,15,

assign crc_odd[#:0] = crc(crc_odd_in
assign Enc_crc_odd[3:0] = CRC_en ?
assign Enc_crc_odd[7:4] = CRC_en ?
assign Enc_crc_odd[11:8] = CRC_en ?

[

Enc_data_DOE[

,Enc_data_DQ8[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ7[30,28,26,24,22,20,18,16,14,12,10,
+Enc_data_DQ6[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ5[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ4[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ3[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ2[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQ1[30,28,26,24,22,20,18,16,14,12,10,
,Enc_data_DQO[30,28,26,24,22,20,18,16,14,12,10,
{3'bl1l, Enc_MD[0], ' hFFFFFFFF

SDQTL20,28,26,24,22,20, 18,016, 14,12,10,8,06,4,2,
yDOB[20,28,26,24,20,20,18,16,14,12,10,8,6,4,2,
yDOS[20,28,26,24,20,20,18,16,14,12,10,8,06,4,2,
JDQALR0,28,26,24,20,20, 18,16, 14,12,10,8,06,4,2,
yDO3[20,28,26,24,20,20, 18,016, 14,12,10,8,06,4,2,
SDO2[20,28,26,24,22,20,18,16,14,12,10,8,6,4,2,
SDOLLR0,28,26,24,22,20,18,16,14,12,10,8,6,4,2,
SDQOL20,28,26,24,22,20,18,16,14,12,10,8,6,4,2,

assign crc_even[©:0] = crc(crc_even_in[ :01)

(CRC_even[Z2:
(CRC_even[5:
(CRC_even[d:

assign crc_odd_in = CRC_en? PAM3 ? {Enc_data DQE[5,

JL7,15,13,11,
,17,15,13,11,
,17,15,13,11,
,17,15,13,11,
,17,15,13,11,
/11,9,7,5,3,
111,9,7,5,3,
/11,9,7,5,3,
111,9,7,5,3,
/11,9,7,5,3,
111,9,7,5,3,
01
(CRC_odd
(CRC_odd

1,
1,
1,
1,
1,
1,
1,
11

/11
1,
1,
1,
1,
1,
1,
1,
11 =
[:
[

(CRC_odd[#:

1, Enc_MD[O],

12,01
12001
12001
12001
12001
12001
12001
12001
12001
;2. 01) =
{164{1"b1}};

» Enc_MD[1],
sl
s
s
s
s
s
s
s
s

TR B
{16441 b1} };
1}

1}

Figure 125 — RTL Implementation of the CRC Input and Output Bit Assignments
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7.2 On-Die ECC
7.2.1 On_Die ECC Overview

The GDDR?7 device uses on-die ECC, an error scrubbing mechanism, and a real-time error transparency
protocol to achieve a high level of system RAS.

GDDRY7 on-die ECC features:

e Correction and detection minimum capabilities on each 256b access

o 100% 1b error correction

o 100% 2b error detection

o 99.3% average of >=3Db error detection (value optionally included in vendor datasheet)
e On-die ECC real-time transparency

o One bit in READ data packet to signal ‘no error’ vs ‘uncorrectable error’

e Automated on-die error scrubbing mechanism
o Auto-ECS during REFab and SRF operation has MR for enable/disable
o Errors are only logged during ECS

An overview of an example GDDR7 on-die ECC engine is shown in FIGURE 126.

~

Data to Memory >
L Codeword(s)
. to memory
. | B ki
Generator

-/

~

< Check Bits |
P Severity Syndrome | Syndrome | gyndrome . Codeword(s)
< < from memory

Decode Generator Data from Memory ‘

~
A

< Corrected Data Error.

Correction

Figure 126 — On-die ECC Overview Diagram Example
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7.2.2 On-Die ECC Requirements

On-die ECC Engine:

GDDR?7 on-die ECC has a codeword size dependent on the DRAM architecture to achieve the minimum
error correction/detection capabilities listed below for each 256b access:

e 100% 1b error correction
o 100% 2b error detection
e 99.3% average of >=3b error detection (value optionally included in vendor datasheet)

There will be a minimum of 16b parity per 256b user data. An example implementation is 256b user data
+ 9b SEC + 7b CRC for a total codeword size of 272b. The specific ECC H-matrix used and the number of
codewords is implementation specific.

On Reads the DRAM corrects all errors that are less than or equal to error correcting capability of the ECC
engine before transmitting the corrected data to the memory controller. The DRAM shall not write the
corrected data back to the array during a read cycle.

On writes the DRAM computes the parity bits and writes the data and parity bits to the array.

7.2.3 DRAM Fault Isolation Requirements

There are no specific fault boundaries defined.

7.2.4 Poison

GDDR?7 supports the ability for a host to flag individual data packet (256b) as poisoned. Host may use this
to mark known-bad data packets. Poison support is enabled/disabled using MRO OP10.

Data packets transferred between host and DRAM on writes or reads include a flag indicating the data
packet is poisoned.

For write data packets with this flag set the DRAM stores the information that this data packet is poisoned.

Host must include valid data in the write data packet received by the DRAM. DRAM is not required to
store the provided write data when the poison flag is set, though it may choose to do so.

On reads when the DRAM sees valid poison information it will set the poison flag in the read data packet.
Valid data must be included as part of the read data packet. It may be a vendor specific fixed pattern or
contents from the DRAM.

How poison is stored in the DRAM is vendor dependent. It may be an additional physical bit, a virtual bit,
a specific pattern of error, or some other method. Regardless of the method used the poison information
must be covered by the on-die ECC. The DRAM must be able to differentiate between good data,
correctable data, poison data, and uncorrectable data. Known-bad poisoned data may deteriorate into
uncorrectable data whose poison status cannot be relied upon.

If the host disables poison after poisoning addresses, the data and severity returned by the DRAM when
reading addresses that were previously poisoned is undefined. The host must write without poison to any
previously poisoned addresses to clear any poison flags if valid data is expected at those addresses. The
poison flags can be cleared before or after disabling of the poison MRS.
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7.2.5 On-Die ECC Transparency Protocol

A GDDR?7 device must provide transparency of actions by the on-die ECC engine. The specific information
to be conveyed and the method of conveyance is given in 74BLE 109.

Table 109 — Transparency Attributes and their Access/Control Mechanism

Attribute Operation Transparency Mechanism

SEV/PSN bit in Read packet (DQE

Real-time severity metadata for UE only RD/RDA .
signal)

Logging of an Auto ECS error ECS Info Read (IRD) command

Auto ECS Severity and Poison: During Auto ECS read operations, the DRAM will not record and ignore
properly poisoned addresses in either the UE address capture or UE count. The DRAM will check for new
CE or UE errors and record them based on the logging configuration mode register settings.

Real-time Severity Metadata: The GDDR7 device includes a mode register, MRO OP9, to enable or
disable the severity signaling by the GDDR?7 device in real-time to the host. The severity of an error (SEV)
denotes the outcome of the on-die ECC processing over a codeword(s) during a READ operation.
Uncorrected Error (UE) and No Error (NE) are the valid severity the DRAM will provide the host in real-
time.

During Reads or Reads with Autoprecharge the DRAM will check to see if the data was poisoned by the
host and/or will check for severity if the options are enabled. In PAM3 mode, Severity and Poison are
encoded on DQE using one PAM3 symbol with UE taking precedent in case of both a UE and PSN event.
Severity and Poison transmission in PAM3 mode will use the encoding shown in 745LE 110 for each
transaction.

In NRZ mode, Severity data (read only) and Poison data (read and write) is transmitted in the DQE packet
as the binary representation of the encoded symbol from 74BLE 110.

Table 110 — DQE Severity/Poison (SEV/PSN) Bit Truth Table

Poison | Severity Value (Trit/Binary)
0 0 “+1 (11)’ = No Error (NE)
1 0 ‘0 (01)’ = Poisoned (PSN)
X 1 ‘-1 (00)’ = Uncorrected Error (UE)
NOTE MRO OP9 (Severity) shall be turned on when MRO OP10
(Poison) is enabled.
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Error Check and Scrub (Auto ECS)

The GDDR7 device will implement an Auto ECS function. Auto ECS will use on-die ECC and operate in
the background during REFab (with TR=L), Self Refresh (with TR=L) and Self Refresh Sleep periods when
enabled using the ECS_ON field in MR22 OP11. Auto ECS allows the DRAM to internally read, detect
errors, correct errors, and write back corrected data bits to the array (scrub errors). Any errors corrected by
on-die ECC during Auto ECS must be logged in the transparency registers according to the rules described
in this section.

During Auto ECS, the internal Read-Modify-Write cycle will:

1.
2.

3.

4,

Read the entire code-word(s) from the DRAM array.

If the ECC engine detects a correctable error, the error will be corrected, and code-word(s) will be
written back to DRAM.

If an error is detected in the code-word(s) and is uncorrectable, the bits in the code-word(s) will not
be modified. The code-word(s) must not be written back to DRAM.

If the ECC engine detects no error, the DRAM may choose to write the resultant code-word(s) back
to DRAM or not.

The DRAM can only guarantee valid ECS operations if array bits are written to prior to enabling ECS
operations, thus enabling DRAM to calculate the proper initial parity bits.

Auto ECS related MR control:

Table 111 — ECS Mode Registers

ECS Mode Mode Register Value (Default all Disabled)
Auto ECS . ~ .
(ECS_ON) MR22 OP11: 1s = enabled, O = disabled
Auto ECS reset . B . o
(ECS_RESET) MR22 OP10: 1g = reset (self-clearing), Og = disabled

Auto ECS error flag reset
(ECS_FLAG RESET)

MR22 OP9: 1p = reset (self-clearing), Oz = disabled

Auto ECS error log overwrite rules
(ECS_LOG_RULES)

MR22 OPS8: 15 = overwrite, Og = maintain

NOTE 1
NOTE 2 When ECS enabled, the host must issue REFab commands with TR = L at an average rate of tECSint.

REFab commands with TR = L used for ECS will count toward refresh credit.

Auto ECS shall be programmed during DRAM initialization and shall not be changed once the first ECS
operation occurs unless followed by an ECS reset, otherwise an unknown operation could result during
subsequent ECS operations.
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7.2 On-Die ECC (cont’d)

Auto ECS related timing parameters:

The ECS operation timing is shown in FIGURE 127.

—»| |[«—tECSC

n a1 fa a9 7 f f

/i /i » time

le— tECSint (Auto ECS interval)

< {ECS b {ECS >
(Auto ECS period) (Auto ECS period)
tECSC: Max time for GDDR7 to complete ECS operation
tECSint: Average ECS interval to cover all codewords in a specified period of tECS (e.g., 24h)
tECS: Period of time to complete ECS on all codeword

Figure 127 — ECS Operation Timing

In order to complete a full Error Check and Scrub within the recommended tECS (e.g., 24 hours), the
average periodic interval of ECS operations (tECSint) is 86,400 seconds divided by the total number of
codewords as described in 74BLE [12. The number of ECS operations is density dependent.

Table 112 — tECSint per Channel

Gb per channel | 4 Gb 6 Gb 8 Gb 12 Gb 16 Gb 24 Gb 32 Gb

272b code-words

2724 2724%1.5 2725 2725%1.5 2726 2726*1.5 2727
per channel

tECSint [ms]

5.15 3.43 2.57 1.72 1.29 0.86 0.64
per channel

For the GDDR7 device to perform ECS operations when Auto ECS is enabled, the host needs to either put
the DRAM into i) Self Refresh with the Training flag set to Low (TR=L), ii) Self Refresh Sleep or iii) issue
periodic REFab commands with the Training flag set to Low (TR=L). ECS operations will not be performed
when the host issues a REFab command with TR= H, or in Self Refresh with TR=H.

In the case of REFab with TR=L, the maximum average spacing between REFab commands with TR=L
for the DRAM to complete the automatic scrub is tECSint. Meeting this REFab requirement allows the
DRAM to perform the ECS operations without placing additional restrictions on refresh mode usage, i.e.,
mix of REFab and REFpb. REFab commands with TR=L issued in excess of required by the DRAM for
ECS operations (one per tECSint) may also be used by the DRAM for normal refresh operation. tECSint
interval timing for the maximum spacing between REFab commands with TR=L or another Self Refresh
entry is allowed to restart upon Self Refresh exit. Auto ECS operations that are triggered with a REFab with
TR=L must be completed by the device within tECSC. tECSC must be less than or equal to tRFCab.
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7.2 On-Die ECC (cont’d)

Expiration of tECS period:

For each Auto ECS operation, ECS Address Counters increment the column address after each internal
ECS WR command such that the next code word and check bits are selected. Once the column counter
wraps (all code words and check bits on the row have been accessed), the row counter will increment until
all code words on each of the rows within a bank are accessed. When the row counter wraps (all rows within
the bank have been accessed), the bank counter will increment, and the next bank will repeat the process of
accessing each code word. After all the code words within the DRAM are read, corrected, and written once,
the bank counter will wrap, and the process begins again with the next Auto ECS operation.

Auto ECS Error Types, Logging, and Info Read:

GDDR?7 Auto ECS supports three ECS Error types as outlined in 74BLE 113. The ECS Error Logs consist
of seven Info Register Addresses (IRA [24:18]), that are read out using Info Read command. ECS Error
Logs consist of ECS Error Flags, Address Logs and Count Logs. See the /NFO READ section for details on
the Info Read protocol.

Table 113 — ECS Error Types

ECS Error Type ECS Error Flag ECS Error Registers
1.  UE Address Bank (IRA 18 DQJ[3:0])
Uncorrected Error Address Logging (UEAL) ECS UE FLAG UE Address Row (IRA [22:21])

UE Address Column (IRA 23) (Vendor specific)

Uncorrected Error Count Logging (UECL)

ECS UE COUNT
FLAG

UE Count (IRA 24 DQJ3:0]) (Vendor specific)

Corrected Errors per row Address Logging
(CEAL)

ECS CE FLAG

Max CE per ROW Address Bank (IRA 18
DQI[7:4])

2. Max CE per ROW Address Row (IRA [20:19])

UECL and UEAL Column Address Logging are vendor specific features. The host can determine if the
features are supported by reading out the UE Count Support bit and UE COL Support bit in Vendor 1D2
(IRA 2).

ECS FLAG, located in IRA 16, provides a way for the host to poll whether the ECS mechanism has a new
ECS error and therefore new ECS error log. The ECS FLAG and all three ECS Error Flags in TABLE 113
default to 1°b0 and change to a 1’b1 in case of an error.

ECS FLAG equation:
The ECS FLAG is the logical OR of the three ECS Error Flags.

ECS FLAG (IRA 16) = ECS CE FLAG (IRA 24) | ECS UE FLAG (IRA 24) | ECS UE COUNT FLAG
(IRA 24)

When the ECS FLAG field indicates a new Auto ECS event has been logged, the expected behavior is the
host will read out the three ECS Error flags in IRA 24 to identify which type of error event or events has
occurred and proceed accordingly. The seven ECS Error logs [7:0] located in IRA [24:18] can be read out
in any order.

The ECS Error Log registers associated with UEAL and CEAL and the UECL UE count register have no
defined default upon power up, device reset or ECS reset. The logs are qualified as new with the associated
ECS Error flag being set to a 1°’bl. The logs remain unchanged when read out, however all three ECS Error
Flags are reset to 1’b0 when the host reads out IRA 24.
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7.2

On-Die ECC (cont’d)

Uncorrected Error Address Logging (UEAL)

)

2)

3)

4)
5)
6)

When the on-die ECC detects an Uncorrected Error (UE), the device first determines if the log can
be updated based on the rules programmed in the ECS_ LOG_RULES mode register (MR22 OPS).
a. For UE errors, if the ECS_ LOG_RULES register is set to maintain (Og) the DRAM will
not update the log if the ECS UE FLAG = 1°b1, otherwise the log will be updated.
b. Ifthe MR is set to overwrite (1g) the log will always be updated.
If the log can be updated, the DRAM address of the error is logged in the form of the Bank Address
in IRA 18 and the Row Address in IRA [22:21].
If supported, the device will update the Column Address in IRA 23.
a. If not supported the Column Address in IRA 23 will default to 8’b11111111.
The ECS UE FLAG in IRA 24 is updated to 1°b1.
The ECS FLAG is updated to 1°b1 per the ECS FLAG equation.
The error is logged within tECSC.

Uncorrected Error Count Logging (UECL)

)

2)
3)
4)
5)

During a tECS period, if UECL is supported, the device will count the number of rows that have at
least one Uncorrected Error up to a max of 15 rows.
At the end of the tECS period the device will update the count in the UE Count register in IRA 24.
The ECS UE COUNT FLAG in IRA 24 is updated to 1°b1 at the expiration of every tECS period.
The ECS FLAG is updated to 1°b1 per the ECS FLAG equation.
The error is logged within tECSC.
a. The device will reset the internal UE counter with the start of each tECS period after the
UE Count register and flag are updated.
b. The UE Count register is not reset when the flag and log are read out and remains
unchanged until the expiration of the next tECS period.
c. If UE count is not supported, the ECS UE COUNT FLAG will default to 1°b0, the UE
Count will default to 4’b1111 and both will never update when tECS expires.

Corrected Errors per Row Address Logging (CEAL)

)

2)
3)

4)

During Auto ECS operation the on-die ECC will scrub a row by reading every column address in
the row under scrub.

The device will track the number of Corrected Errors in the row.

Once the full row has been scrubbed the device first determines if the log can be updated.

a. Ifthe ECS_LOG_RULES mode register is set to maintain (Og), the log can only be updated
if the number of errors in the row is greater than 8 errors in the individual row and the
number of errors is greater than the previous errors logged.

b. Ifthe ECS LOG RULES mode register is set to overwrite (1s), the log can be updated if
the number of errors in the row is greater than 8§ errors.

If the log can be updated:

a. the DRAM address of the error is logged in the form of Bank Address in IRA 18 and Row
Address in IRA [20:19].

b. The ECS CE FLAG in IRA 24 is updated to 1°bl.

c. The ECS FLAG is updated to 1b’1 per the ECS FLAG equation.

d. The error is logged within tECSC.
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7.2 On-Die ECC (cont’d)

Reset of ECS Error Flags:
There are four independent methods for clearing the ECS Error Flags:

1. The host reads IRA 24

2. The host may issue an ECS Flag reset using MR22 OP9

3. The host may issue an ECS reset according to MR22 OP10
4. The host may issue device RESET

Reset of ECS Function:

The host may issue an ECS reset using MR22 OP10 to reset all aspects of the ECS function including but
not limited to the current scrub address counter in the DRAM, internal running UE count, UE Count log,
and the ECS FLAGS.

Reading of Error logs and Auto ECS operation:

GDDR7 DRAMSs avoid situations where the host is reading out the logs while the DRAM is in the process
of updating the logs by not allow both operations in a state. F7GURE 128 illustrates the states and their
associated commands for the Auto ECS operation as well as that states and their associated commands that
the host can use to read the ECS logs.

When Auto ECS operation is enabled, and the host enters SELF Refresh Sleep the Auto ECS operation will
continue until the Self refresh exit command is received by the DRAM. When the Self-Refresh Sleep exit
is direct to Self Refresh state with TR=H (SRSLX2CAT MRO0 OP6=13) the ECS logs will not be guaranteed
to be updated until tCSP2IRD_ECS has expired. Reading the log before tCSP2IRD ECS has expired may
result in existing or invalid data being read out. The ECS logs include IRA16 DQ7 (ECS Error) and
IRA[24:18] (ECS Error Log 1-7).

CA0=H

DT
D — Data
Training

T

" MRS
N

N

Configure
Device

.2

.
Self
SRE Refresh
TR=L

Legend

REFab .

Re- — TR=L
freshing
SLE -
REFab

-~ TR=H
-

—» Command sequence
— — ) Automatic sequence

-~

/7
( | Intermediate state

\

-

States allowed for reading ECS logs
and their commands
States with Auto ECS operation
and their commands

Figure 128 — Auto ECS and ECS Log Read Out State Diagram
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7.2 On-Die ECC (cont’d)

P tECS _
i) >
tRFCab tRFCab
REFab TR=L UE row B UE row C
UE row A ECSUE FLAG =1 ECSUEFLAG =1
ECSUEFLAG =1 UE COUNT int =2 UE COUNT int=3
UECOUNTint=1 UE Address =B UE Address = B if MR = maintain
UE Address = Cif MR = overwrite
Self Refresh Sleep Self Refresh Sleep Exit
Entry (SRSE) (SRX)
R0 S Fag & og readout ReFab TR-H
a8 < 0g readou IRD ESC Flag & log readout
ECSUEFLAG=1->0
L ECSUEFLAG=1->0
(Host UE tracking = 1)
ECS UE COUNTFLAG=1->0
UE Count=3
(Host UE tracking = 2)
Norm'al Auto ECS Norm'al Auto ECS Norm'al
operation operation operation
NOTES:

1. ECS_LOG_RULES mode register (MR10 OP8) determines whether to maintain the UE Address when ECS UE FLAG = 1 and or to overwrite

the UE Address.

2. Rows A, B and C = arbitrary rows with Uncorrected Errors (UE).

Figure 129 — Example ECS Operation - UEAL and UECL
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7.3 ECC Engine Test Mode

GDDR?7 devices provide ECC engine testing method of the on-die ECC engine only, not error access into
the core. The outcome of the error injection is reported according to the transparency protocol.

GDDR?7 devices will report results of the ECC engine test on the DQE using the coding in 74BLE 115.
GDDR?7 devices may optionally provide 0 (01) for CE if Info Read Register Address (IRA) 2 DQ 2 indicates
that the optional 0 (01) = CE is supported. If Info Read Register Address 2 DQ 2 indicates that optional 0
(01) = CE is not supported, GDDR7 devices provide +1 (11) for any CE in the ECC engine test mode on
the DQE. GDDR?7 devices in 2 channel mode may require two passes to complete the ECC engine test.
IRA3 DQ4 indicates if the device requires two passes or just one pass. If the device requires two passes,
the ECC_2CH mode register (MR30 OPS) can be set to either first pass with MR30 OP8=0g or to second
pass with MR30 OP8=1g and must be set to 15 to check the second test result after confirmation of the first
pass. If the device does not require two passes, the ECC 2CH mode register is not required to be
implemented by the device.

Table 114 — ECC Engine Test Modes

Selection by MRS ECC Engine Test Mode
ECC Engine Test Mode 0s — Normal Operation (Default)
(ECC_TM, MR30 OPO0) 18 — ECC Engine Test Mode

0 — CWO0 (Codeword0)
Data ‘1’ means error bit and Data ‘0’ means non-error bit
1 — CW1 (Codewordl)
Data ‘0’ means error bit and Data ‘1’ means non-error bit

Error Vector Patterns
(ECC_VEC, MR30 OP1)

ECC parity bit error injection

00 XXXXg: No error injection

01 0000g: Error injected on parity bit 0
ECC Parity Bit Error Injection 01 0001g: Error injected on parity bit 1
(ECC_PAR SEL, MR30 OP[7:2] | ...
01 1110s: Error injected on parity bit 14
01 1111g: Error injected on parity bit 15
10 XXXXg: RFU

While in the ECC engine test mode in 74BLE 114,

1. WR will function as an error injection command, Write DQ data is error injection pattern (CWO or
CWI1 by MR30 OP1).

2. RD will function as an outcome output command, Read DQ/SEV data is the outcome of ECC
engine test.

Table 115 — Severity Report According to IRA 2 DQ 2 (ECC_ENG_CE) Status

Severity (Trit/Binary) IRA 2 DQ 2 = 15 (Default) IRA 2 DQ 2 = 05 (Optional)

(ECC_ENG_CE) (ECC_ENG_CE)
+1(11) NE, CE NE
0(01) N/A CE

-1 (00) UE UE
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7.3 ECC Engine Test Mode (cont’d)

The following sequence must be satisfied to perform a functional On-die ECC engine test mode of GDDR7
DRAM. See FIGURE 130 and TABLE 116.

1. The GDDR?7 device registers Mode Register Set command (MRS) by MR30 OP[7:0] for the entry
of On-die ECC engine test mode in 74BLE 114. Error severity reporting must be enabled via the
SEVERITY in MRO OP9. The Poison in MRO OP10 and DPP mode in MR8 OP7 must be disabled.

2. Asanexample, in TABLE 116 — EXAMPLE OF ERROR VECTORS, PARITY BIT ERROR INJECTION
AND CORRESPONDING SEVERITY for the engine test, write “1”” as Error and “0” as NE(No Error)
in the case of CW0 mode. The symbol boundary is vendor specific, and output and severity
information are determined according to the error type injected by the host and the parity error
type injection by MR30 OP[7:2]. The error injection to parity bits are controlled by MR30
OP[7:2] and only one-bit error injection in the parity bits is possible for ECC engine test.

CWO0[255:0] is a 256-bit all '0' vector and CW1[255:0] is a 256-bit all '1' vector used to generate
parity bits of ECC engine. Parity bits according to CW0 or CW1 are generated by on-die ECC
engine. If CWO is selected, parity bits for CWO is prepared for ECC engine test. [f CW1 is
selected, parity bits for CW1 is prepared for ECC engine test.

Memory controller is allowed to inject only one-bit error to the parity bits generated by on-die
ECC engine to test the ECC engine and the location of on-bit error in parity bits is controlled by
MR30 OP[7:2].

Write data[255:0] received by DQ’s are transferred to ECC engine without generating new
corresponding parity bits. Therefore, 1°s in write data is considered as error bits if CWO0 is
selected to generate parity bits. In the other case, 0’s in write data is considered as error bits
because CW1 is selected to generate parity bits.

3. To check the result of engine test, read the output after tWTRSB.
A. The DQs will show the correction data as ALL “0” when the DATA is NE or SBE(CE) in the
case of CWO0. Also, the host shall ignore read data in case of UE.
B. The Severity will indicate NE or UE (optionally indicating CE). Severity information is real-
time signaling (refer to severity and poison encoder/decoder in PAM3 BURST ENCODING
section for more details).

4. Repeat the 2, 3, 4 sequence and the operation for the engine test after tRTW.
A. e.g.,) Mode entry - WR-RD - WR-RD - WR-RD - ...
in this case, a single WR must be followed by a single RD.

The mapping between DQ and DATA[255:0] is vendor specific. When the MRS bit is enabled, the core is
not accessed, and the data pattern is interpreted as an error vector. When GDDR7 is in the ECC Engine
Test Mode, it does not guarantee data retention and the only allowed commands are WR, RD and MRS to
disable this test mode.

There are many implementations of OD-ECC according to DRAM architecture. So it is recommended to
vary bank address BA[3:0] in engine test mode.
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7.3 ECC Engine Test Mode (cont’d)

(DRAM cell)
(data) (parity)

o

ECC Engine _ I Parity (or Syndrome) Gen |—

1) Parity for CW0 or CW1 by MR30 OP1
2) One parity-bit error injection by MR30 OP[7:2]

Test Mode
Correct . Syndrome 1 0 oy pRiTy
Error location Decoder
~  RD l WR
3) Error injected data — write data[255:0] SEVERITY

Figure 130 — Example of the Block Diagram of On-die ECC Engine and Path for ECC Engine Test Mode

Table 116 — Example of Error Vectors, Parity Bit Error Injection and Corresponding Severity

IRA2DQ2=1s
Error e
N ECInT Error Vector Parity Bit Error Error Vector Severity
Expected Injection [15:0] Result
Pattern Input[255:0] Output[255:0] Note
Severity MR30 ) (by MR30 IRA 2
( (Write data) OP[7:2]) (Read data) DQ2=1;
OP1)
CWo 000...000000 000...000 000...000000 1
NE NE
Cwl1 111...111111 000...000 111...111111 2
NE CWO 100...000000 000...000 000...000000 NE 1
000...000000 100...000 000...000000 1
011...111111 000...000 111...111111 2
CwWi1
111...111111 100...000 111...111111 2
UE CWO 100...000000 100...000 100...0000000 UE 1
110...000000 000...000 110...0000000 1
O11...111111 100...000 O11...111111 2
CwW1
001...111111 000...000 001...111111 2

NOTE 1 CWO indicates that 1 means the error bit and 0 means normal bit.
NOTE 2 CW!1 indicates that 0 means the error bit and 1 means normal bit.
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7.3 ECC Engine Test Mode (cont’d)

Table 117 — Example of Error Vectors, Parity Bit Error Injection and Corresponding Severity
IRA 2 DQ2 = 0s (Optional)

Error c c
Ve Error Vector Parity Bit Error Error Vector Severity
Expected Injection [15:0] Result
Pattern Input[255:0] Output[255:0] Note
Severity MR30 . (by MR30 IRA2
( (Write data) OP[7:2]) (Read data) DQ2 =0g
OP1)
CWo 000...000000 000...000 000...000000 1
NE NE
CWwWl1 111...111111 000...000 111...111111 2
NE CWO 100...000000 000...000 000...000000 CE 1
000...000000 100...000 000...000000 1
011...111111 000...000 111...111111 2
CWl
111...111111 100...000 111...111111 2
UE CWO 100...000000 100...000 100...0000000 UE 1
110...000000 000...000 110...0000000 1
011...111111 100...000 011...111111 2
CwWl
001...111111 000...000 001...111111 2

NOTE 1 CWO indicates that 1 means the error bit and 0 means normal bit.
NOTE 2 CW!I1 indicates that 0 means the error bit and 1 means normal bit.
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7.3 ECC Engine Test Mode (cont’d)
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1 tMOD. ! | |
T
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F—Y_s—ﬁ
| |

! WL=WLmrs=4 ! !
‘ ! ! : i ! : : : :
| | |
DQ[9:0]
AR OO i ! i B R anEE 1 1 i
: : : : : : TEE T ‘ ‘ ‘ HEBECCessCC ! : : | | |
7 7 | | | |
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Set MR:I! OP0=1 Set MR30 OPO=

Enable ECC Engine Test Mode Disable ECC Engine Test Mode

Set MR30 OP1 O or 1
Select CW0 or CW1

Set MR30 OP[6:2]
Select Parity Error Injection

NOTES:

1. WRITE and READ address must be the same for ECC Engine Test Mode.

2. WRITE and READ commands do not require a preceding ACT command for ECC Engine Test Mode.

3. The only allowed commands are WR, RD, and MRS to disable ECC Engine Test Mode.

4. WL =4 and RL = 7 are shown as an example.

5. Da, ..., Da+ 15 = data-in for WRITE command in PAM3 mode. Db, ..., Db+15 = data-out for READ command in PAM3 mode.
6. tWTR should be tWTRSB by both WRITE and READ access the same bank for ECC Engine Test Mode.

7. SEVERITY on is mandatory to verify on-die ECC transparency.

8. If CRC is enabled during READ or WRITE, CRC calculation result will be transferred via DQE pin.

Figure 131 — Timing Diagram of ECC Engine Test Mode
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7.4 Command Address Parity (CAPAR) Protocol

GDDR7 SGRAMSs support Command Address Parity (CAPAR) to improve the integrity of the Command
Address (CA) bus.

If enabled, CAPAR is checked on all commands expect CATX and SLX, and the DRAM will signal the
host of any CAPAR errors. The CAPAR bit is sent on CA4 as part of the column command but covers both
the row (CA[2:0]) and column(CA[4:3]) command buses. See the COMMAND TRUTH TABLE and CABI
AND CAPAR sections for more details on which commands include the CAPAR bit and the encode/decode
of CAPAR. With CAPAR enabled and Command blocking (CAPARBLK) disabled, the DRAM will
continue to run and execute any command it decodes even after a CAPAR error. See Figure 134 and
Figure 135 for the behavior of the ERR signal with multiple CAPAR errors.

CAPAR is enabled using MR15 OPO. The default state of CAPAR is disabled. Since CAPAR is part of the
FDMR registers, the FD_FLAG (MRO OP11) must be set to 15 if the CAPAR is to be enabled before Sleep
entry. In this case, either before or at the same time as CAPAR is enabled, the CAPAR2ERR mode register
(MR15 OP[11:8]) must be programmed as there is no default for CAPAR2ERR. The DRAM may begin to
check parity on the next CK4 cycle following the MRS command that enables CAPAR. The DRAM will
have the checking enabled latest when tMOD15 has expired after that MRS command.

Any changes to CAPAR registers in MR15 (CAPAR, CAPARBLK and CAPAR2ERR) require tMOD15.
The only legal commands during tMOD15 are RNOP2 and CNOP?2 to ensure no toggle on the CA bus as
shown in FIGURE 132. The definition of RNOP2 and CNOP2 meet the condition for even CA parity.
CAPAR2ERR cannot be programmed to a new value when using FD FLAG=1g while CAPAR is enabled.
In the case of the FD_FLAG = 0O, the checking may begin to check parity on the next CK4 cycle following
the CSP command but will have the checking enabled after tCSP_POST has expired.

CK4
(int)
i Rl
WCK
\ \ | \ \ |
! |
Row Command :—\/—\/—u—u—\/—\ MM r—\/—\ Im'n /—\/—\I—\I—\/—\ Inlm MM
. PRE RNOP1 RS MR15 OPO 1 s) RNOP2 RNOP2 AC MRS(MR15 OPO E) RNOPZ RN P2 AC
CA[2:0] A NRP? A,

Column Command
CA[4:3]

'tMOD15 | tMOD15 |

L3

| |
221 1251800 ”FDC C)C C)C C)C S30C00
\/aIld VaIld CNOP1 CNOP1 CNOP2 CNOP2 AC CNOP1 CNOP1 CNOP2 CNDP2 AC
J | -y ‘\_I\_l
|

el —>
. - S I R
CAPAR CAPAR Disabled Enabling CAPAR CAPAR Enabled , Disabling CAPAR , g@za’;
]

L L
NOTES:
1. A Precharge command as shown in the figure shall not be issued when the channel is in Self Refresh state.
2. A.C. = Any command allowed in bank idle or Self Refresh state.
3. Any changes to CAPAR related registers in MR15 when FD_FLAG = 15 require RNOP2 and CNOP2 for tMOD15.

4. Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for
timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 132 — Enabling and Disabling Command Address Parity (CAPAR) with FD_FLAG =13
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7.4 Command Address Parity (CAPAR) (cont’d)
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NOTES:

1. CAPAR2ERR =2 is shown as an example for illustration purposes. Actual supported values are found in the MODE REGISTERS and
AC TIMINGS sections.

2. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.

3. tWCK2CA and tWCK2ERRO = 0 are shown for illustration purposes.

Figure 133 — Single Command Address Parity Error with Command Blocking Disabled
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NOTES:

1. CAPAR2ERR =2 is shown as an example for illustration purposes. Actual supported values are found in the MODE REGISTERS and
AC TIMINGS sections.

2. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.

3. tWCK2CA and tWCK2ERRO = 0 are shown for illustration purposes.

Figure 134 — Multiple Command Address Parity Errors with Command Blocking Disabled
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7.4 Command Address Parity (CAPAR) (cont’d)
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NOTES:

1. CAPAR2ERR =2 is shown as an example for illustration purposes. Actual supported values are found in the MODE REGISTERS and
AC TIMINGS sections.

2. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.

3. tWCK2CA and tWCK2ERRO = 0 are shown for illustration purposes.

Figure 135 — Persistent Command Address Parity Errors with Command Blocking Disabled

CK4
(int)

WCK
| | |
| | | |
M M. M M. Lo U ¥ L Vet M. LanVant M\ M\ M
Row Command Vaiid Valid Vaiid Valid valid Valid Valid Vaiid Valld Vaid | vaia Vaiid
CA[2:0;
[2:0] \7wl I \wl \al | \_I\_l \_l\_l \_l\_l ]
| | |
(Vo Vo Vo Vo Vo A I—\l—\l—\l"\l—\
Column Command Write m CNOP1 Wme n, Vaud "\ia Vahd Vahd Vahd Vand Va‘ld
Al4:3] SIS S S A ]

| CAPAR2ERR = 3 (AP»HZERR } } } } } }

| ! CAPARZ2ERR = 3 ! CAPARZERR = 3 ! ! CAPARZERR = ! , | |

| | | | | | | | | | | | | |

| | | | | ol N [ | | | | | | |

| | | | | WRCRC2ERR =5 | N | | | I I

I I I T T T T T » I I I I I

| | | | | | | | | | | | | |

| | | | | | | | WRCRC2ERR =5 | wl : | |

| | | | | | T T T T T » | |

| | | | | | | | | | | | | |

| | | | | | | | | | | | | |

| | | | | | | | | | | | v | |

| | | | | | | | | | | | | |

I I I [ e e N I T L e L N e |

" - I I I I I I I I I I I | I
ERR | | I I | I I i | I I |

S I I I I I I I I I I I

- | | I I | | | I | | | I I |
I I I I I I I I I I I I I I
| I WL =2 I I WL =2 | | | | | | | |
| | ¢ I » | < » \ | | \ | | |

“ * nNAnAnAn * By nnnnAnnns * ' ' * * '

DQ[9:0] o - L 1 H-H SOm...S15m H:H‘ tH S0n...S15n m:‘ ! !

4 | | | | | | | | | |
i i i 1 T i I T i i i i i i
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |

1 ARAAARARAR'S AAARARRAAR]

DQE o } } } H"DQEDM... DQE!SmkH; -H DQEOn ... DQE15 nH:} ; ; } } ;

! | | | | | | | | | |
| | | | | | | | | |

NOTES:

1. WL =2, CAPAR2ERR =3 and WRCRC2ERR = 5 are shown as examples for illustration purposes. Actual supported values are found in the
MoDE REGISTERS and AC TIMINGS sections.

. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.

. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO.

. tWCK2CA, tWCK2DQI and tWCK2ERRO = 0 are shown for illustration purposes.

. WRCRC error on the first symbol of the second Write is shown for illustration purposes.

(U OS]

Figure 136 — WRCRC and CAPAR ERR Signaling (Same Cycle)
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Command Address Parity (CAPAR) (cont’d)
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1. WL =2, CAPAR2ERR =3 and WRCRC2ERR = 4 are shown as examples for illustration purposes. Actual supported values are found in the

MODE REGISTERS and AC TIMINGS sections.
. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.
. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO.
. tWCK2CA, tWCK2DQI and tWCK2ERRO = 0 are shown for illustration purposes.
. WRCRC error on the first symbol of the second Write is shown for illustration purposes.

WA W

Figure 137 — WRCRC and CAPAR ERR Signaling (WRCRC before CAPAR)
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7.4 Command Address Parity (CAPAR) (cont’d)
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NOTES:
1. WL =2, CAPAR2ERR =2 and WRCRC2ERR =5 are shown as examples for illustration purposes. Actual supported values are found in the

MODE REGISTERS and AC TIMINGS sections.
. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.
. Write CRC Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO.
. tWCK2CA, tWCK2DQI and tWCK2ERRO = 0 are shown for illustration purposes.
. WRCRC error on the first symbol of the second Write is shown for illustration purposes.

WA W

Figure 138 — WRCRC and CAPAR ERR Signaling (CAPAR before WRCRC)
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7.5 CAPAR with Command Blocking (CAPARBLK)

Once the host enables Command blocking using the CAPARBLK mode register (MR15 OP1 = 1, then the
GDDR7 DRAM must ensure that there is no parity error before executing the received command.

CAPAR must be enabled either before or at the same time CAPARBLK is enabled. CAPARBLK must be
disabled (MR15 OP1 = 0g) either before or at the same time as CAPAR is disabled (MR15 OP0O = 0g).
CAPARBLK is disabled by default. Figure 141 illustrates enabling CAPARBLK after CAPAR has been
enabled and disabling CAPARBLK but leaving CAPAR enabled. Since CAPARBLK is part of the FDMR
registers, the FD_FLAG must be set to 1 if the CAPARBLK is to be enabled without the need for Sleep
entry. In the case of enabling/disabling CAPARBLK with FD FLAG = 1, tMOD15 is required and the
only legal commands in tMOD15 are RNOP2 and CNOP2. CAPARBLK LAT cannot be programmed to
a new value when using FD_FLAG = 15 while CAPAR and CAPARBLK are enabled.

There is a delay before the command is executed as the command is held while CAPAR is being checked.
Once parity has been verified to have no error then the command is released and executed inside the DRAM.
The AC timings and Mode registers in 7able 118 may have different values depending on whether
command blocking is enabled or disabled. Any Mode Register that requires a different value programmed
when command blocking is enabled must be programmed after tMOD15 or tCSP_POST has expired
depending on the state of the FD FLAG.

GDDR?7 devices support either implicit (IRA3 DQ[3:2] = 11g); explicit (IRA3 DQ[3:2] = 10g); or both
implicit and explicit CAPARBLK LAT (IRA3 DQJ[3:2] = 00g). If the DRAM supports both, the host has
the flexibility to program the CAPARBLK LAT control register (MR15 OP6) to support either implicit or
explicit. For implicit only or explicit only, the CAPARBLK LAT control register (MR15 OP6) is ignored
and only required to be programmed with both. Refer to vendor datasheets to see which method is
supported.

FIGURE 139 illustrates the case where the device supports implicit CA parity blocking latency or implicit
is programmed into the CAPARBLK LAT control register (MR15 OP6 = Og) when both supported. In the
case of implicit CAPARBLK LAT the device specification will include 74BLE 151 for the timings that
may have different values depending on whether command blocking is enabled or disabled.

WCK
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CK4 (int) |
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CA[4:3] X

ERR

DRAM CMD “
(int) |

| | " CMD Biocked f

DQ[9:0] k: / T /

DQE R

A
v
A
v

No CA Parity Error Case CA Parity Error Case

Figure 139 — Implicit CAPARBLK LAT

FIGURE 140 illustrates the case where the device supports explicit CA parity blocking latency or explicit is
programmed into the CAPARBLK LAT control register (MR15 OP6 = 1) when both supported. In the
case of explicit CAPARBLK LAT the device specification will include 74BLE 152 for the timings that
may have different values depending on whether command blocking is enabled or disabled.

If the device supports both, the device specification will include both tables and the host must use the
corresponding table based on how the CAPARBLK LAT control register (MR15 OP6) is programmed.
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CAPAR with Command Blocking (CAPARBLK) (cont’d)
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Figure 140 — Explicit CAPARBLK LAT

Table 118 — Command Blocking Impacted AC Timings

Parameter Symbol Min Max | Units | Notes
Command blocking disabled nCK4 1
Read latency RL
Command blocking enabled nCK4 1
Command blocking disabled nCK4 1
Write latency WL
Command blocking enabled nCK4 1
CAPAR disabled or CAPAR
enabled with CAPAR2ERR MAX (10, CAPAR2ERR +2) nCK4 2
NOP commands (MR15 OP[11:8] = 1-15
required upon Sleep - tCPDED
? n
OP[11:8] = 0 RU{tWCK2ERRINT/tCK4} +2)
Command blocking disabled nCK4 1
RCK Enable time RCKEN
Command blocking enabled nCK4 1
Command blocking disabled nCK4 1
com}?ncalzg 1I:gt}e):nc RCKSTOP_LAT
Y Command blocking enabled nCK4 1

NOTE 1

See the AC TimINGS section for min/max values.

NOTE 2 With CAPAR disabled, CAPAR2ERR is assumed to be 0 nCK4 in the equation MAX (10, CAPAR2ERR +2), resulting in

10 nCK4.
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CAPAR with Command Blocking (CAPARBLK) (cont’d)

Once a Command Address Parity Error is detected the following actions will happen when CAPAR with
Command Blocking is enabled as illustrated in F7GURE 142.

)]

2)

3)

4)

5)

6)

The command with the parity error is not executed, nor is the command on the other command bus
as the CAPAR bit covers both command buses.

The commands in the tCAPAR_UNKNOWN and tCAPAR_UNKNOWN_WR periods on both the
row and column bus prior to the erroneous command, are not guaranteed to be executed.
tCAPAR _UNKNOWN and tCAPAR _UNKNOWN_WR are vendor specific. Consult vendor data
sheets for the supported value.

The DRAM will block all subsequent commands on both the row and column bus until CA training
with Self Refresh is automatically entered.

The DRAM will signal the host of the CAPAR error by driving the ERR signal to PAM3 level
“-1” for 1 nCK4 cycle according to the value programmed into CAPAR2ERR (MR15 OP[11:8])
in both NRZ and PAM3 modes. See the ERR SIGNAL section for more details on ERR signal latency
and timings.

The DRAM will complete any operation in progress and close any open pages before automatically
entering CA Training with Self Refresh. Upon entering CA training with Self Refresh the bank
counter for REFpb will be reset by the DRAM.

CA training with Self Refresh mode is automatically entered after t CAPAR_UNLOCK. The value
of tCAPAR_UNLOCK is defined to allow the DRAM to complete any operation that is underway.
When DRFM is enabled using MR8 OP2 = 1g, the DRAM will wait RU (tDRFM / tCK4) + RU
(tRP / tCK4) cycles before entering CA Training with Self Refresh mode. tDRFM depends on the
programmed Bounded Refresh Configuration (BRC) in MR8 OP[4:3]. When DRFM is disabled
using MR8 OP2 = 0g, the DRAM will wait RU (tRFCab / tCK4) + RU (tRP / tCK4) cycles before
entering CA Training with Self Refresh mode.

Table 119 — tCAPAR_UNLOCK

Value )
Parameter Unit
Min Max
RU (tDRFM / tCK4) + RU (tRP
DRFM enabled - / tCK4) nCK4
tCAPAR_UNLOCK
. RU (tRFCab / tCK4) + RU
DRFM disabled - (iRP) / tCK4) nCK4

7)

The DRAM may continue to check CAPAR during the tCAPAR _UNLOCK period before CA
Training is entered. Any subsequent CAPAR error(s) may be reported, but the DRAM is not
required to report subsequent CAPAR errors throughout the tCAPAR UNLOCK period. The
DRAM must signal any WRCRC errors during the tCAPAR_UNLOCK period from any valid
Writes that were in progress prior to the CAPAR error as shown in Figure 143.
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7.5

8)

9)

CAPAR with Command Blocking (CAPARBLK) (cont’d)

If RCK is running either with the always on mode or one of the RCK Start/Stop modes, then the
RCK will asynchronously transition from toggling at WCK rate to toggling at CK4 rate no later
than tCATERCK. The asynchronous transition may include stopping the RCK. First nCK4 pulse
may be incomplete. The RCK may also stop during tCAPAR_UNLOCK if the Valid command
before the tCAPAR_UNKNOWN is a RCKSTOP command when in one of the RCK Start/Stop
modes. In this case the RCK will stop and transition to High-Z per the RCKSTOP procedure as
outlined in the RE4D CLOCK (RCK) section before transitioning to CK4 rate no later than
tCATE2RCK.

If ECS is enabled, during tCAPAR_UNLOCK, ECS operations are not guaranteed to continue. The
ECS logs can be read out after tCSP2IRD_ECS after the CA Training exit procedure.

10) Once in CA Training with Self Refresh mode, the host has the option to performing CA training or

exit using the CATX command. The host is required to follow the standard procedure for exiting
CA Training with Self Refresh mode to go back to the Self Refresh state. The DRAM will also exit
the CA Training to go back to Self Refresh in the standard procedure including starting RCK if the
always on mode is programmed. See the COMMAND ADDRESS BUS TRAINING section for more
details.
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CAI:0 C PRE x NOP1 MRS (MR15 OP1 = 1) RNOP2 P2 AC AC MRS (MR18 OP1 =0c) wnors | RN bRs AC
[2:0] \_I\_I\_I\_I\_I\_I | () | o (S
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! {MOD15 ! tMOD15
! ! ! |
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CAPAR CAPAR Enabled Enabling CAPARBLK CAPARBLK Enabled Disabling CAPARBLK , CAPAR
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1. A Precharge command as shown in the figure shall not be issued when the channel is in Self Refresh state.

2. A.C.= Any command allowed in bank idle or Self Refresh state.
3. Any changes to CAPAR related registers in MR15 when FD_FLAG = 15 require RNOP2 and CNOP2 for tMOD15.
4

. Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case the reference for
timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 141 — Enabling and Disabling Command Address Parity Command Blocking (CAPARBLK)

with FD_FLAG =18
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7.5 CAPAR with Command Blocking (CAPARBLK) (cont’d)
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NOTES:

1. CAPAR2ERR =2 is shown as an example for illustration purposes. Actual supported values are found in the MODE REGISTERS and
AC TIMINGS sections.

2. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.
3. tWCK2CA and tWCK2ERRO = 0 are shown for illustration purposes.

4. RCK is shown toggling at WCK rate before the CAPAR Error at Ta0. Either during tCAPAR_UNLOCK or tCATE2RCK the DRAM will
asynchronously transition from WCK rate to toggling at CK4 rate. First nCK4 pulse may be incomplete.

5. If the Valid command at or before TO is a RCKSTOP command then the RCK will stop and transition to High-Z per the RCKSTOP procedure
as outlined in the READ CLOCK (RCK) section before transitioning to CK4 rate no later than tCATE2RCK.

6. tCAPAR_UNKNOWN is shown for illustration purposes. tCAPAR_UNKNOWN_WR is the period where WR and WRA commands are not
guaranteed to be executed and tCAPAR_UNKNOWN is for all other row and column commands.

Figure 142 — Command Blocking
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CAPAR with Command Blocking (CAPARBLK) (cont’d)
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(:Xm CA Training pattern
(:X:X:X:) Do not care

NOTES:

1. CAPAR2ERR =2 is shown as an example for illustration purposes. Actual supported values are found in the MODE REGISTERS and
AC TIMINGS sections.

2. CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO.

3. tWCK2CA and tWCK2ERRO = 0 are shown for illustration purposes.

4. RCK is shown toggling at WCK rate before the CAPAR Error at Ta0. Either during tCAPAR_UNLOCK or tCATE2RCK the DRAM will
asynchronously transition from WCK rate to toggling at CK4 rate. First nCK4 pulse may be incomplete.

5. If there is a Valid command before the Write at TO that is a RCKSTOP command then the RCK will stop and transition to High-Z per the
RCKSTOP procedure as outlined in the READ CLOCK (RCK) section before transitioning to CK4 rate no later than tCATE2RCK.

6. tCAPAR_UNKNOWN is shown for illustration purposes. tCAPAR_UNKNOWN_WR is the period where WR and WRA commands are not
guaranteed to be executed and tCAPAR_UNKNOWN is for all other row and column commands.

Figure 143 — Command Blocking (WRCRC Error after CAPAR Error)
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7.6 CSP Feedback

GDDR7 DRAM supports CSP feedback feature, as an optional feature, to acknowledge the CSP command
after exit from sleep mode, self refresh sleep mode or CA bus training. Voltage or temperature change
during sleep or self refresh sleep mode may cause shift in WCK clock tree delay relative to CA, resulting
in failure of CSP command acknowledgement. Error in CA training may also cause failure in CSP
acknowledgement. Once GDDR7 DRAM fails to capture the CSP command, GDDR7 DRAM is unable to
capture subsequent commands and may fall into an irrecoverable state. CSP feedback, an optional feature,
explicitly informs the host whether the CSP was properly detected, and it is safe to continue with normal
operation. CSP feedback allows the host to retry the CSP command if CSP is sent and not detected by
GDDR7 DRAM. In this case, the host may also choose to initiate CA training by sending intentional CA
parity error pattern if CAPARBLK (MR15_OP1) is enabled.

The CSP feedback is transferred to host by ERR signal. If the optional CSP feedback feature is supported
and enabled (MR 15 OP2 = 1), the ERR signal will transition to “0” level after tCSP_ACK_PRE and will
transition to “+1” level after tCSP_ ACK_POST if CSP is decoded successfully. If CSP feedback is not
enabled (MR15 OP2 = 0g), the ERR signal continues to be driven at the “+1” level. FIGURE 144 shows CA
training exit without CSP error case when CSP feedback feature is enabled. F/GURE 145 shows sleep mode
exit without CSP error case when CSP feedback feature is enabled.
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Figure 145 — Sleep Mode Entry and Exit without CSP Error
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7.6 CSP Feedback (cont’d)

If a CA parity error occurs while the host is transmitting the CSP command when CAPAR enabled (MR15
OPO0=13), the output of the ERR signal will transition to “-1” after CAPAR2ERR regardless of CSP
feedback support. The CA parity error has higher priority over CSP feedback information. In FIGURE 146,
CA parity error occurs with CSP command, making the ERR signal transition to “-1”. If optional CSP
feedback is supported and enabled, the CSP command with CA parity error is not acknowledged as a CSP
command and host is allowed to retry CSP command on condition that CAPARBLK (MR15 OP1) = 0g. If
CAPARBLK (MR15 OP1) = 1g, GDDR7 DRAM will enter CA training automatically.

Ta0 Tat 0
| |
wek  N0n0nNood mm
! !
,,,,, | !
CKa4 (int) [N\ _____) 7,
CA[0] Y| \(Valia %
—— 1SLX [+— CSP_PRE —*
CA[2:0] X | RNoPT — X1 [ RNOP2. X Joss wih Party Erer ) ) JRNOP2 XX
oA o (ST " S Y Jeem XX
r+—tCSP_ACK_PRE ’4’} —— CAPAR2ERR
)
i 1 [m—— /]
ERR E / // Iy I i i
/
CAPAR and 0/ CAPAR and CABI 5 CAPAR and CABI CAPAR calculated

| i
CABI CAPAR and CAB caculated |

disabling

] / CAPAR resuming

77777 : Don't Care

|disabled
|

: CAO=H, CA[4:1]=Don't Care

/| |___CABI disabled
! i

: CAO=L, CA[4:1]=H

CA?I disabled
i

Figure 146 — Sleep Mode Entry and Exit with CSP Parity Error

If a CA parity error occurs within 1CK4 before CSP command when CSP feedback is enabled, the CSP
command may not be recognized by GDDR7 DRAM. FIGURE 147 shows this case and the ERR signal will
transition to 0 after -1 of CA parity error report at Te2. If CAPARBLK is enabled, GDDR7 DRAM will
enter CA training automatically, otherwise host may retry CSP command until DRAM recognizes CSP
command to set ERR signal to +1.
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Figure 147 — Sleep Mode Entry and Exit with CSP Parity Error within 1CK4 before CSP Command

FIGURE 148 shows the case that first CSP command after sleep mode exit was not detected by DRAM
without creating CA parity error when CSP feedback is enabled. ERR signal was kept in “0” state after the
first CSP command from host because DRAM failed to capture the first CSP command. In this case, host
retried CSP command and the second CSP command was successfully captured by GDDR7 DRAM and
ERR signal returned to “+1” state after tCSP_ACK POST elapsed from the second CSP command. To
retry CSP command, both CAPAR2ERR+1tCK4 and tCSP_ ACK POST must be satisfied because there
may exist CSP command fail or CA parity error. CSP command retry is allowed only when CAPARBLK
is disabled.
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7.6 CSP Feedback (cont’d)

Tao
WCK
CK4 (int) |~ \ o]
CA[0] f X Vaiid \ / | \
|+ {CSP_PRE
CA[:0] Y[ RNopt (T TstE - T\ Rdez. T ] [ RNcrz, [\ esp X [RNoPz T X T cesp X
\ /]
CAl4:3) Y [endpt ([ (onder | ‘ﬁ: CE e ) | _Csp_ _ X(][enapz, (10 csp
}\‘ // O A R PARZERRx 10ks —— {CSP_ACK_POST) |
ERR /’3 i/ | | i | ‘ (
CAPAR and i CAPAR and CABI CAPAR and CABI CAPAR resuming CAPAR calculated [( CAPAR calculated
CABI CAPAR and CABI caculated /““ disabling disabled |_CABIdisabled ) CABI disabled CABL resuming
| i / i i i
777777 - Don't Care : CAO=H, CA[4:1]=Don't Care : CAO=L, CA[4:1]=H

Figure 148 — Sleep Mode Entry and Exit with CSP Retry Pass

FIGURE 149 shows the case when there is a CA parity error in CSP command when both CSP feedback
and CAPARBLK are enabled. GDDR7 DRAM will enter CA training automatically after
tCAPAR_UNLOCK. ERR pin will also return to +1, once DRAM enters CA training.
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Figure 149 — Sleep Mode Exit with CSP Command with Parity Error when CAPARBLK is Enabled

GDDR7 DRAM will indicate the support of CSP feedback in Info Read register 3 bit 1 (see 74BLE 81). To
enable CSP feedback, CAPAR must also be enabled (MR15 OP0=13g) before next sleep, self refresh sleep
or CA training entry when GDDR7 DRAM supports optional CSP feedback feature.

Table 120 — CSP Feedback Support Definition in Info Read Address 3

IRA Bit Field Description

CSP Feedback
3 DQI1 CSP feedback 0B : CSP feedback is supported
15 : CSP feedback is not supported
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7.6 CSP Feedback (cont’d)

Table 121 — Mode Register Definition for CSP Feedback

Mode
. Operand Data Notes
Register
CSP Feedback (Optional)
MRI15 OP2 Op : Disable (default) 1,2
1B : Enable

NOTE 1 Enabling CSP feedback is allowed only when IRA3 DQ1 indicates that CSP feedback optional feature is supported.
NOTE 2 To enable CSP feedback feature, CAPAR must also be enabled (MR15 OP0=1g) before next sleep, self refresh sleep or CA
training entry.

The ERR signal status after CSP command is listed in 748LE 122. In the ERR signal, CA parity error
information higher priority than CSP feedback. Therefore, ERR pin will transition to -1, if GDDR7 DRAM
needs to send CA parity error and CSP failure simultaneously.

Table 122 — ERR Pin Status after CSP

Host (User) Setting ERR Sig after CSP
MR15 OP2 MR15 OP0
(CSP Feedback) (CA Parity) O CRlE s
0B (Disable) 0B (Disable) +1 +1
0Op (Disable) 1B (Enable) +1 -1 (CAPAR Error)
1B (Enable) Os (Disable) +1 +1!
0 (CSP failure)
18 (Enable) 18 (Enable) +1 I (CAPAR error)

NOTE 1 In normal operation CA Parity must be enabled with CSP feedback being enabled, therefore the CSP error will not be signaled on ERR.

The CSP feedback feature allows host to confirm the operation of only CA[1] and CA[3] because CSP
command has toggle only in those signals. If host needs sanity check of CA[0],CA[2] and CA[4] signals,
it is recommended to use CA link stress test pattern illustrated in 748LE 123. Host is allowed to send CA
link stress test pattern before CSP command, once tCATX or tCSP_PRE has elapsed to allow GDDR7
DRAM to enable CA parity calculation circuits. To prevent GDDR7 DRAM from unintentionally
recognizing CSP command during CA link stress pattern, host must avoid CA1=CA3=HHHL, HHLH,
HLHH, LHHH with CA0=CA2=CA4=HHHH. Moreover, the CA stress pattern must be rolling window
CA parity compliant because DRAM internal CK4 is not defined before recognition of CSP command.
Rolling window means that calculation is performed for every 4 WCK cycles that starts from all WCK
cycles, WCKO, WCK1, WCK2 and WCK3. Only RNOP2+CNOP2 commands are allowed during
tPRECSP_NOP2 in T4BLE 123.

If CA parity calculation is enabled and a CA parity error occurs during CA link stress test pattern, ERR
signal will transition to -1. This CA bus sanity check with CA link stress pattern works with all GDDR7
DRAM’s regardless of CSP feedback support.
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A GDDR7 DRAM may have four CA sampling circuits utilizing rising edge of WCKO0, WCK1, WCK2 and
WCK3 clock cycles. Therefore, WCK cycle based pattern shift as shown in 745LE 123 (b) may help to
check the status of all four samplers. Instead of WCK cycle based shifting, the host may extend the length
of CA link stress pattern as shown in 74BLE 123 (c) to check all CA samplers in GDDR7 DRAM.

Table 123 — Reference Example of CA Link Stress Test Pattern

Reference | wck | wek | wek | wek | wek | wek | wek | wek | wek | wek | wek ‘ WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK ‘ WCK ‘ WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK
Exampl t0 t1 2 13 t4 t5 16 t7 18 9 t10 | t11 | t12 | t13 | t14 | t15 | t16 | t17 | t18 | t19 | t20 | t21 | t22 | t23 | t24 | t25 | t26 | t27 | t28 | t29 | t30 | t31 | t32 | t33 | t34 | 35
CAl0| H H H H H H H H H H H H H H H L H H L L [ L H L H H H H H H H H H H
CA[1| H H H H H H H H H H H H L H L L L L L H H H L H L H H H H L H H H H
CAl2| H H H H H H H H H H H H L H L L L L H H H H H H H H H H H H H H H
CA3| H H H H H H H H H H H H H H L H H H L L L L H L H H H H H L H H H H
cAlal H [ H [ H[H[H[H]H][H][H][H[H]L[L]L]L L{H|H][H][H][H][HI]H H{L|[H[H[H|[H|H][H][H][H]H
tCATX or CA link stress test pattern tPRECSP_NOP2 CSP Command
tCSP_PRE CAPAR parity check enabled
(a) Reference example of CA link stress test pattern.
Single high pulse after multi-cycle low or single low pulse after multi-cycle high are marked in purple color.
wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek [ wek
CAl0O| H H H H H H H H H H L H H L L L L H L H H H H H H H H H H H H H H H
CA[1 H H H H H H H L H L L L L L H H H L H L H H H H H H H H H L H H H H
CAl2| H H H H H H H H L H L L L L H H H H H H H H H H H H H H H H H H H H
CA[3 H H H H H H H H H L H H H L L L L H L H H H H H H H H H H L H H H H
cAlal A | n A [ w W[ |c]c|c| o MMt H[H[H]H|H[+H e [C[H[H][H][H][HA][A[H][H][H][H]HA]AR]HR]R
tCATX or CA link stress test pattern tPRECSP_NOP2 CSP Command
tCSP_PRE CAPAR parity check enabled
(b) CA link stress test pattern with WCK clock cycle based shift
Host is allowed to test healthiness of WCK0/90/180/270 sampling timing by WCK based pattern shift.
WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK | WCK
t0 t1 t2 13 t4 t5 t6 t7 18 19 t10 | t11 | t12 t13 | t14 | t15 | t16 | t17 | t18 | t19 | t20 | t21 | t22 | t23 | t24 | t25 | t26 | t27 | t28 | t29 | t30 | t31 | t32 | t33 | t34 | t35
CAl0| H H H L H H H L H L H H H L H L H H H L H L H H L L L H H H H H H H H H
CA[1| H H H H L H L H L H L H L H L H L H L H L H L H H H H H H H H L H H H H
CAl2| H H H H H L H L H H H L H L H H H L H L H H H L H H H H H H H H H H H H
CAB| H H H H L H L H L H L H L H L H L H I H L H L H H H H H H H H L H H H H
CAl4| H H H L H L H H H L H L H H H L H L H H H L H L L L L H H H H H H H H H
tCATX or CA link stress test pattern tPRECSP_NOP2 CSP Command
tCSP_PRE CAPAR parity check enabled

(c) Reference example of CA link stress pattern with extended length

Before successful CSP command recognition, the internal CK4 inside GDDR7 DRAM is not defined.
Therefore, there are four different cases where the DRAM internal CK4 is temporally aligned with WCK
of host. Host is allowed to issue CSP command only after tPRECSP_NOP2. GDDR7 DRAM may not
recognize the CSP command for a period same or shorter than tCAPAR2CSP after the CA parity error is
found. The CA parity error information is returned to the host after CAPAR2ERR. If CA parity error is
found in the CA link stress pattern when CAPARBLK is enabled, GDDR7 DRAM will enter CA training
automatically. See the CA parity section for more details.
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7.6
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Figure 150 — Sleep Mode Exit with CA Link Stress Pattern

: CAO=H, CA[4:1]=Don't Care
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|

: CAO=L, CA[4:1]=H

CABI resuming
|

An intentional CA parity error pattern is defined in 74BLE 124, as a robust method to force the GDDR7
DRAM to enter CA training when CAPAR BLK is enabled and the GDDR7 DRAM failed to acknowledge
a CSP command without a CA parity error. A GDDR7 DRAM must be able to regard this intentional CA
parity error pattern as CA parity error regardless of CA timing alignment with WCK if all AC timings for
a CSP command (i.e., tCATE or tSLX+tCSP_PRE) are met and GDDR7 DRAM not yet detected CSP

command.
Table 124 — Intentional Parity Error Pattern
. WCK Clock

Function Symbol Cycle CA0 | CA1 | CA2 | CA3 | CA4 | Notes

n H H H L2 H

. n+1 H H H L2 H

Inf,?r’itt“"]?rlrfrA ICAPAR_ERR 1
Y n+2 H H H L2 H
n+3 H H H H H

NOTE 1

GDDR7 DRAM with optional CSP feedback support (IRA3 DQ1 = 1s) will recognize ICAPAR_ERR pattern as CA parity

error when all AC timings required CSP commands are met, and DRAM is waiting for CSP command. If CAPAR(MR15
OP0)=18, DRAM will output CA Parity Error to ERR signal (“-1”). If CAPARBLK(MR15_OP1) =1 GDDR7 DRAM will

automatically enter CA training, because ICAPAR ERR pattern is recognized as a CA parity error.

NOTE 2

Three consecutive L on cycles n, n+1, and n+2 are shown on CA3 for the intentional parity error. It is pointed out that three

cycles of L on any CA signal provides a robust method for the GDDR7 DRAM to enter CA training. Other methods of
generating CA parity error are also legal but may not provide a robust method of entering CA training.
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7.6 CSP Feedback (cont’d)
Table 125 — AC Parameters in CSP Feedback
Parameter Symbol Min Max Unit | Notes
CATX to CSP command delay tCATX - ns
Sleep mode exit to CSP command delay tCSP_PRE - ns 1
CAO low pulse width to exit from sleep mode tSLX - ns

Waiting time from CATX or SLX with

SLX2CAT=1s or Self refresh sleep mode exit tCSP_ACK_PRE - ns 2
with SRSLX2CAT=15 to ERR =“0”
Waiting time from Successful CSP to
ERR=“11" tCSP_ACK_POST - ns 3
Minimum time for host to wait until sending
CSP command after CA link stress pattern {PRECSP_NOP2 ) Ck4
Minimum time for host to wait to send a CSP
command that DRAM guarantees tCAPAR2CSP CAPAR2ERR +2 CK4 4

recognition after CA parity error

NOTE 1 tCSP_PRE is frequency dependent. See 748LE 154 for more details.

NOTE 2 The timing means minimum time host to wait before observing ERR="0".

NOTE 3 The timing means minimum time host to wait before observing ERR="+1".

NOTE 4 This timing starts from occurrence of any parity error prior to CSP after tCATX or tCSP_PRE has expired.
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7.7 Hard Post Package Repair (hPPR)

GDDR?7 supports hard Fail Row address repair, hPPR which allows a simple and easy repair method in a
system. Entry into hPPR is protected through a sequential MRS guard key to prevent unintentional hPPR
programming. The hPPR guard key requires a sequence of four MRS commands as shown in FIGURE 151.
The guard key sequence must be entered in the specified order as shown in the figure and in 74BLE 126. If
the guard key is not entered in the required order or an incorrect guard key is entered unintentionally, the
SGRAM will capture the wrong guard key and the device will not enter hPPR mode. Only RNOP2/CNOP2
commands are allowed between the four MRS commands.

A guard key of more than four MRS commands to MR31 may be considered an incorrect guard key even
if the greater than four MRS commands includes the MR31 Seql thru MR31 Seq4 in the proper order
separated only by RNOP2/CNOP2 commands. The entry into hPPR mode in this case is vendor specific. It
is noted that regardless of the vendor implementation, if the host is aware that sequence of MRS commands
it started to enter is incorrect, the host can issue a MRS command to MR31 with OP11=0 to reset the hPRR
mode entry sequence and re-issue the correct guard key sequence after tMOD expires as illustrated in
FIGURE 152. For GDDR7 SGRAMEs that treat the greater than four MRS commands as an incorrect guard
key, this is the only case where more than four MRS commands to MR31 are allowed for successful entry
into hPPR mode.

If a command other than RNOP2/CNOP2 is entered between MRS commands, the offending command
will terminate the hPPR mode entry process and may or may not execute correctly however the offending
command will not cause the SGRAM to lock up. The SGRAM does not provide an error indication if an
incorrect hPPR guard key sequence is entered, nor if the hPPR mode entry sequence was terminated. The
subsequent ACT, PRE and MRS to MR31 OP[11] associated with the hPPR operation will not cause the
SGRAM to lock up.

Once hPPR mode is successfully entered and hPPR operation started, if the hPPR operation is prematurely
terminated, whether unforeseen or not, the repair may or may not complete and the resource may or may
not be preserved. The SGRAM does not inform the host if the repair was started successfully, if completed
or unsuccessful/terminated. The only way to verify if the repair was successfully completed or not and
resource(s) are still available is to perform a reset and read the repair resource as well as check the status
of the failing address using reads and writes for each repair that the host attempted before the required reset.

WCK_t

WeK ¢ mmummmnnmx1m1umxxxxmxxxw}xmmmmxmnm.mxnmx1x1m1uxxxxxxmxmmmmumm

tMRD tMRD tMRD tMOD

/

CA[2:0] Y MR31 Seq 1 ><Rr»HP2>< MR31 Seq 2 XRNHPZX MR31 Seq 3 XRNHPZX MR31 Seq 4 X NH >< x
/,

CA[4:3] X CNOP1 CNIQP2 CNOP1 XCNHPZX CNOP1 XCNHPZX CNOP1 CNQP2 VALID
7 7

Four MR31 Guard Key Sequence Entry

Any Interuptions of the guard key sequence from other
MRS/MRR or non-MR commands such as ACT, WR, RD, REFab
and REFpb is not allowed

NOTES:
1. Only NOP2 commands are allowed during tMRD and tMOD.
2. Prior to entering hPPR mode, RCK must be stopped.

Figure 151 — Guard Key Timing Diagram
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7.7 Hard Post Package Repair (hPPR) (cont’d)

iy HUHHXHﬂlXHIHXH}XHIUXHXHXimliH%UUUUJLUUUUUUUJJ}UHUUWUHUUU%UUUUUUUUUU@NHHHUKIXHIHXHHI@IHHHHHHHHHUH
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// 7
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eeeeeeeeeeeeeeeeeeeeeeeeeeeeee o Four MR31 Guard Key Sequence Entry _

Figure 152 — Incorrect Guard Key Sequence and hPPR Mode Reset
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7.7 Hard Post Package Repair (hPPR) (cont’d)

Table 126 — Guard Key Encoding for MR31

Command | OP[11] | OP[7] | OP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]
MR31 Seql 1 1 1 0 0 1 1 1 1
MR31 Seq2 1 0 1 1 1 0 0 1 1
MR31 Seq3 1 1 0 1 1 1 0 1 1
MR31 Seqd 1 0 0 1 1 1 0 1 1

7.7.1 hPPR Fail Row Address Repair

With hPPR, GDDR7 SGRAMSs can correct at least one row address per Bank. The hPPR resource
designation (SGRAM Info address[25:26]) will indicate the hPPR resource availability and can be
read/checked prior to implementing a repair. It is important to note that hPPR repairs are permanent; the
Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should
prevent unintended hPPR mode entry and repair. (i.e., During the Command/Address training period). Entry
into hPPR is through a register enable, ACT command is used to transmit the bank and row address of the
row to be replaced in SGRAM. After program time, and PRE, the hPPR mode can be exited. During hPPR,
other channels shall be in idle state and RD/WR commands are not allowed on any channel (i.e., All banks
shall be Precharged and other channels are not allowed to be issued except for NOP2 command).

1. Since the SGRAM Info allows the user to execute hPPR resource, SGRAM Info of hPPR resource
designation (field [25:26]) needs to be read. After user’s checking the hPPR resource availability
of each bank from SGRAM Info, hPPR mode can be entered. If the SGRAM Info of hPPR resource
designation (field [25:26]) appears to not be available, the host controller should not issue hPPR
mode.

2. Before entering hPPR mode, all banks are required to be Precharged and idle state on all channels,
and RCK shall be stopped.

3. Issue the guard key as four consecutive MR31 MRS commands each with a unique address field
OP[7:0] and OP[11]. Each MRS command should be spaced by tMRD and tMOD must be
observed after the last guard key MRS command. Only RNOP2/CNOP2 commands are allowed
in the tMRD period between MRS commands as well as during tMOD from the last MR31 of the
guard key sequence to the ACT command as shown in FIGURE 151.

4. Issue an ACT command with the Bank and Row fail address.

5. Wait tPGM to allow the SGRAM repair target Row Address internally, then issue PREab/PREpb
command.

6. Wait tPGM_Exit after PRE command which allows the SGRAM to recognize repaired Row
address RAn.

7. Exit hPPR by setting MR31 OP[11]=0 and wait tPGMPST.

8. In case of repairing one failed address on different banks and/or different channels subsequently,
repeat 3 to 8.

9. Assert Reset n, and then to do the reset and initialization procedure.

After entering hPPR mode, do not deviate from the above-mentioned procedure. The hPPR procedure is
required to be performed at WCK clock frequency range from 200 MHz to 2000 MHz defined as
fWCKPGM and the WCK period for hPPR mode is defined as 1/fWCKPGM as shown in FIGURE 153.
Once hPPR mode is exited, the controller can verify that the target row was repaired by writing data into
the target row and reading it back after reset and initialization procedure.
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NOTES:

1. With one hPPR command, only one row can be repaired at one time per die
2. RESET is required at the end of every hPPR procedure
3. During hPPR, memory contents are not refreshed and may be lost

4. Assert Reset_n: Refer to /N/714L1z4TION for details on reset, power-up, initialization and power off procedures

5. During hPPR, other channels are not allowed to enter hPPR; it shall be in idle state.

6. During hPPR, RD/WR commands are not allowed on any channels.
7. Prior to entering hPPR mode, RCK shall be stopped.

Figure 153 — hPPR Fail Row Repair Timing

Table 127 — Mode Register Bits for hPPR

DON'T CARE jjTIME BREAK

Mode Register

OP[11]

OP[10]

OP[9]

OP|[8]

OP[7] | OP[6]

OP[5]

OP[4] | OP[3]

oP[2]

OP[1]

OP|[0]

MR31

hPPR

RFU

RFU

RFU

hPPR Guard Key

7.7.2 hPPR Required Timing Parameters

Repair requires additional time to repair Fail Row Address into Spare Row Address and the following
timing parameters are required for hPPR.

Table 128 — hPPR Timing Parameters

Parameter Symbol Min Max Unit Notes
hPPR Programming Clock fWCKPGM 200 2000 MHz
hPPR Programming Time tPGM 2000 - ms
hPPR Exit Recognition Time tPGM_Exit tRP - ns
New Address Setting Time tPGMPST 500 - us
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7.8

Data Path Protection (DPP)
GDDR?7 supports hard Fail Row address repair, hPPR which allows a simple and easy repair method in a

system Data Path Protection (DPP)

The GDDR7 SGRAMs support Data Path Protection (DPP) as an optional feature for read and write

operations. DPP feature support is indicated by the Info Read Address 3 bit 7 (See TABLE 129)

Table 129 — Info Read Register for Data Path Protection Support

IRA

Bit

Field

Description

DQ7

Data Path Protection

Data Path Protection (DPP):
Os: DPP supported
1g: DPP not supported

If the optional DPP feature is supported, it can be enabled via MRS by setting the MR8 OPS8 to 1b. DPP
aims to check over the integrity of the data as it makes its way through the internal memory data path,
protecting data path segments that are not covered by the OD-ECC or the CRC features in the non-DPP

enabled operating mode, as illustrated in F7TGURE 154.

READ Operation

Data (253b) _| 11b7s | 1615
(23) 18b_| 3p25
Data (256 b Data (256 b) D o[> CRC 6)
Scrambler = -
= N
& Data@3b) | 3v2s 28 1645 1645 1765
o On DieECC (x1) o
; & Poison 8
ool
% ECC/PSN
bits PSN, SEV 2b) 1S 15
1)
ECC Protection Data Path Protection scope CRC Protection
ERR signal ERRsignal 15
WRITE Operation encoder
us
= CAPARE 1b)
Data (253 b) 11675 1615 g P mror (1b)
(23) =
Data (256 b
2 ) Scrambler g
2 ORC 8b| aes | 125 e
§ ) Data (3b) 3028 25 s (x6)
8 ﬁ (x1)
= (o] o
: 3 1/0 Burst
= = 176
On Die ECC PSN (1b) 215 15 1645 1645

ECC\PSN
bits

& Poison

ECC Protection

()

Data Path Protection scope

CRC Protection

Figure 154 — Internal Data Path Segments from the Point of View of Data Integrity Protection
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7.8 Data Path Protection (DPP) (cont’d)

7.8.1 DPP in PAM3 mode

DPP mode adds a parity bit to each data transfer. The DPP parity bit is calculated on the raw (PAM3
unencoded) data and transmitted end-to-end between host and DRAM. DPP is protecting not only the raw
burst data payload but also the poison bit associated with the transfer.

Allocating one extra bit per transfer requires modifications to the way the burst is encoded in normal (non-
DPP) operation mode, as described in the following sub sections.
PAM3 READ Operation with Data Path Protection Enabled

For reads, the DPP parity bit is calculated on the DRAM side at the output of the OD-ECC (on the ECC
corrected data) before the scrambler and the PAM3 encoding, the calculation includes the poison bit as
shown in FIGURE 155.

Parity bit (1 b) Parity
Calculation
Data (253b) | 11b7S 1615
(:23) 18b_| 3p2s
CRC —>
Data (256 b, Data (256 b) |—| ) (x6)
Scrambler vy »
7 Serembler | z z
= ) Data (3 b) 3b2S 28 164 S 164S 176 S
S On Die ECC PSN (1b) (x1) g
s & Poison 2
% ECC/PSN
bits SEV (1b) 2b18 15
(x1)
Parity bit (1b)

Note 1:  The labels, arrows and blocks in blue, gray and red colors highlight the changes in the read data path with respect operation in non-

DPP mode (check FIGURE 5 in the PAM3 section for comparison).

Figure 155 — Internal Data Path Segments from the Point of View of Data Integrity Protection

FIGURE 155 also shows how the DPP parity bit is transmitted using the poison encoding bit in the PAM3
3b1S encoder, following the encoding defined in 74BLE 130, while the poison bit is transmitted using the
invalid state of the 3b2S encoder on the DQA4, as described in 74BLE 13 1.

Table 130 — Severity and DPP Parity Bit 2b1S Encoder for Read Operation

2b1S PAM3 Encoder for SEV/DPP parity bit
2 Bits Input Internal Binary Representation 1 Trit Output Notes
SEV DPP Parity Bit bl b0 SO
1 X 0 0 -1 1
0 1 0 1 0
0 0 1 1 +1
NOTE 1 Severity prevails over DPP parity.
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7.8 Data Path Protection (DPP) (cont’d)

Table 131 — Poison Encoding in Data Path Protection Mode

DPP Mode 3b2S PAM3 Encoder/Decoder Truth Table for Reads and Writes in DPP Mode
1 Bit 3 Bits of Data Internal Binary Representation® 2 Trits!
PSN MSB LSB S1 MSB S1LSB S0 MSB S0 LSB
b2 bl b0 b3 b2 b1 b0 S1 SO

0 0 0 0 0 1 0 0 0 -1
0 0 0 1 0 0 1 1 -1 1
0 0 1 0 1 1 0 0 1 -1
0 0 1 1 0 1 1 1 0 1
1 Poison in DPP (000b?) 0 1 0 1 0 0
0 1 0 0 0 0 0 0 -1 -1
0 1 0 1 0 0 0 1 -1 0
0 1 1 0 1 1 0 1 1 0
0 1 1 1 1 1 1 1 1 1

NOTE 1 Poison bit is transmitted for reads and writes using the sequence S1S0 = 00 trit on the 3b2S encoder on DQ4. Note that using this
sequence invalidates the 3 bits of data payload that cannot be transmitted, but poison data is not required to be stored or recovered.

NOTE 2 Whether Scramble is enabled or disabled for poison transfers, a predefined value of 000b is used to replace the 3 bits of data and compute
the DPP parity bit at both ends, DRAM and host.

NOTE 3 For CRC computation, the internal binary representation of the poison trit sequence is used (0101b).

NOTE 4 In the event of an uncorrected error detected (flagged by SEV) Poison data may deteriorate into uncorrectable data whose poison status

cannot be relied upon, therefore the poison information must be regarded as invalid from the host for read transfers flagged with SEV
error.
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7.8 Data Path Protection (DPP) (cont’d)

PAM3 WRITE operation with Data Path Protection enabled

For writes, the DPP parity bit is calculated in the host side on the burst data payload before PAM3 encoding
and Scrambler, including the poison bit. The DPP parity bit is transmitted using the encoding that is
assigned to the poison bit in normal (non-DPP) mode, as shown in FIGURE [56. The poison bit is
transmitted using the same encoding as for reads, as shown in 74BLE [31.

Received Parity (1 b)

Parity Calculated Parity (1 b) Parity ERR signal 18
Calculation Comparison encoder
DPP Parity
Error (1 b) !

_ = % z CAPAR

o) — = E 1b

2 = £ Tt f capar

D’J

Data (253b) | 11b75 1615 CRC (181 | 305 | 125 [é
(x23) e (6) T
Data (256 b) e
Scrambler [H—

2 Data (3 b) 4
i g 3b25 28 1645 |2 1645 1765
S 5 PSN'(1b) | (x1)
: R/
[a)

On Die ECC 2b1S 15
ECC\PSN & Poison (x1)
bits
Received Parity (1 b)

Note 1:  The labels, arrows and blocks in blue, gray and red colors highlight the changes in the write data path with respect operation in non-
DPP mode (see FIGURE 6 in the PAM3 section for comparison).

Figure 156 — Internal Data Path Segments from the Point of View of Data Integrity Protection

The DRAM calculates the parity on the received data at the output of the PAM3 decoders, after the
scrambler, and compares it with the received DPP parity bit. The result of the comparison is sent back to
the host on the ERR signal, using the encoding shown in 74BLE 132.

Table 132 — ERR Signal Encoding in DPP Mode

Trit Error Type Notes
+1 No Error
0 WRCRC Error or 1
Write DPP parity Error
-1 CAPAR Error
NOTE 1 WRCRC error and Write DPP Parity error share the same ERR signal code, Info Read Address 15 DQ7 will indicate if a

Write DPP Parity error was logged, making it possible to separate it from a WRCRC error. Please refer to the /NFO READ
section for details.
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7.8 Data Path Protection (DPP) (cont’d)

Write DPP Parity errors are checked on the WR burst and the outcome is sent to the host after the
programmed WRCRC2ERR latency, according to the following formula:

WRCRC2ERR * tCK4 + tWCK2ERRO

FIGURE 157 illustrates a write operation in DPP mode, followed by a read and the associated latencies.

CK4 (int)

WCK

| A DAL
ey mx%mﬁxwmwmwmwmwmmﬂ%x%ﬁmmmmwxmm
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1
|
|
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DaE 3 | i % tHD'é‘E%'m",."ng"j;‘;“‘:HJ i % 3 i % i % H—l"o&é)"n“‘}‘)&e"«'é:m

Note I: ~ RL =20, tWTR =3, WL = 6, DQERL = 2 are shown as examples for illustration purposes. Actual supported values will be found in
the MODE REGISTERS and AC TIMINGS sections.

Note 2:  An Activate (ACT) command is required to be issued before the Read and Write commands and tRCDRD and tRCDWR respectively,
must be met.

Note 3:  Write Latency = WL * tCK4 + tWCK2DQI. Read Latency = RL * tCK4 + tWCK2DQO. tWCK2CA, tWCK2DQI, tWCK2DQO =0
are shown for illustration purposes.

Note 4:  For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be center
aligned at the balls.

Note 5: At the displayed cycles from TO thru T10 and T12 thru T37, the ERR output has +1 (no error) or -1 (CA Parity error) as possible
outcomes as only evaluating CA Parity. For illustration purposes, at T11 no error is shown for the Write command, neither CA parity
DPP Parity, nor WRCRC Error.

Note 6:  Write CRC Error Latency and Write DPP Parity Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes,
WRCRC2ERR is shown with 4 nCK4 digital and 0 ns analog output delay.

Note 7:  CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2 nCK4
digital and 0 ns analog output delay.

Note8: Write and Read commands are 2 cycle commands but shown with time breaks for illustration purposes.

Figure 157 — PAM3 Write to Read in DPP Mode
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7.8 Data Path Protection (DPP) (cont’d)

7.8.2 NRZ READ and WRITE Operation with Data Path Protection Enabled

Read and Write operations in NRZ mode with DPP enabled differ from PAM3 in the position where the
poison bit is transferred. The poison bit is encoded in the DQE signal data burst transfer as shown in /7GURE
158.

In DPP mode, Severity (SEV) takes precedence over the Poison flag (PSN) and DPP parity. Therefore, if a
read transfer is flagged with an Uncorrected Error Detected (SEV), the information of the Poison flag and
DPP parity cannot be relied upon, and the host must consider it as not valid. 74BLE /33 shows the encoding
for the different cases.

Table 133 — SEV, DPP parity and PSN encoding in NRZ with Data Path Protection Enabled

Flags DQE burst NRZ signal level encoding in DPP
Burst Position 2 | Burst Position 1 | Burst Position 0
SEV DPP PSN .
(PSN) (DPP parity) (SEV)
0 0 0 H H H
0 0 1 L H H
0 1 0 H L H
0 1 1 L L H
1 X X X X L
NOTE 1 X means that in the SEV event, the DRAM must output a valid PSN and DPP parity signal level (H or L), but
that the PSN and DPP parity information is not valid, and therefore the host must disregard it.

SEV/
Data Transfer ol PSN CRC EVEN CRCODD
DPP Parity’

DQE burst bit order o | 1 2 | | [ | 8 [ o Jro[mn[12]13[1aJ1s[16[17 181920212223 [2a 252627 28] 290 [30]31

Note 1:  The encoding of the SEV, DPP Parity and PSN is shown in 74BLE 133.

Figure 158 — NRZ DQE Burst Data Mapping with DPP Enabled
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7.8 Data Path Protection (DPP) (cont’d)

FIGURE 159 illustrates the input and output bit ordering for the CRC blocks. The grayed-out bit positions
are not utilized in NRZ DPP Mode and are therefore treated as fixed values for CRC calculations. For
further information regarding CRC computation, please refer to the READ AND WRITE CRC section.

To Ty
crc_even/crc_odd e o e o e o e o e o e o e o e o e o e o e o e o e o e o e o e o

DQo 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 [ 10 [ 11 | 11 | 12 | 12 | 13 | 13 | 14 | 14 | 15 | 15

DQ1 16 | 16 | 17 | 17 | 18 | 18 | 19 | 19 [ 20 [ 20 | 21 | 21 | 22 | 22 | 23 | 23 | 24 | 24 [ 25 | 25 | 26 | 26 | 27 | 27 | 28 | 28 | 29 | 29 [ 30 [ 30 | 31 | 31
DQ2 32 | 32 | 33 | 33 [ 34 | 34 | 35 | 35 | 36 | 36 | 37 | 37 | 38 [ 38 | 39 | 39 | 40 | 40 | 41 | 41 | 42 | 42 | 43 | 43 | 44 | 44 | 45 | 45 | 46 | 46 | 47 | 47
DQ3 48 | 48 | 49 | 49 | 50 | 50 | 51 | 51 | 52 | 52 | 53 | 53 | 54 | 54 | 55 | 55 | 56 | 56 | 57 [ 57 [ 58 [ 58 [ 59 | 59 | 60 | 60 | 61 | 61 | 62 | 62 | 63 | 63
DQ4 64 | 64 | 65 | 65 | 66 | 66 | 67 | 67 | 68 | 68 | 69 | 69 | 70 | 70 | 71 | 71 | 72 | 72 | 73 | 73 | 74 | 74 |75 |75 |76 |76 | 77 | 77 | 78 | 78 | 79 | 79
DQ5 80 | 80 | 81 | 81 [ 82 |82 | 8 | 8 | 84 | 84 |8 | 8 | 8 |8 |87 | 8 | 8 | 8 | 89 | 8 | 90 | 90 [ 91 [ 91 [ 92 [ 92 | 93 | 93 | 94 | 94 | 95 | 95
DQ6 96 | 96 | 97 | 97 | 98 | 98 | 99 | 99 | 100 | 100 | 101 | 101 | 102 | 102 | 103 | 103 | 104 | 104 | 105 | 105 | 106 | 106 | 107 | 107 | 108 [ 108 | 109 | 109 | 110 | 110 | 111 | 111
DQ7 112 | 112 [ 113 | 113 | 114 | 114 | 115 | 115 | 116 | 116 | 117 | 117 [ 118 | 118 | 119 | 119 | 120 | 120 | 121 | 121 | 122 | 122 | 123 | 123 | 124 | 124 | 125 | 125 | 126 | 126 | 127 | 127

DQ lane to CRC input mapping

DQs
DQ9Y
DQE [ 160 | 160 | 161
Enc_MD Enc_data DQE - )
. . alep Enc_crc_even Enc_crc_odd
DQE burst bit mapping® | SEV | DPP | PSN |
o [t ol T ToT T+ o [1 J2]3Jafs5 6] 7[s8sJoJw[nlo]i1[2]3]a]s5[e]7[8]9 1]

NOTE 1 The 0 to 163 index numbers in the table illustrate the input bit order for the CRC blocks, as shown in FIGURE 124, and the
Enc_crc_even and Enc_crc_odd describe the CRC output bit order in the DQE burst data transfer.

NOTE 2 In NRZ the data burst is not PAM3 encoded, thus only 256 data bits per transfer are transmitted. To keep the same CRC encoding
scheme with 328 input bits, the bit positions that would correspond to the data transferred on DQ8 and DQ9 as well as the DQE data
remainder in PAM3 mode are considered fix to one for the CRC computation and grayed out in this table.

NOTE 3 The Enc_MD, Enc Data DQE, Enc_crc_even and Enc_crc_odd labels correspond to the input/output variables in FIGURE 125, with
grayed-out bit position set to fixed ones for the CRC computation.

Figure 159 — DQ to CRC Input Bit Assignment and DQE Burst Bit Order in DPP NRZ Mode
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7.8 Data Path Protection (DPP) (cont’d)
TO T T2 T3 T7 T8 T9 T10 T T12 T13
i i i i i i i i i i i
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[
Metadata: U Ds;’EPv :;f‘i(y poison
Note I: WL = 6 is shown as an example for illustration purposes. Actual supported values will be found in the MODE REGISTERS and AC
TIMINGS sections.
Note 2:  An Activate (ACT) command is required to be issued before the Write command and tRCDWR must be met.
Note 3:  Write Latency = WL * tCK4 + tWCK2DQIL tWCK2CA and tWCK2DQI = 0 are shown for illustration purposes.
Note 4:  For Write operations it is important that the latching point meet the data valid window requirements, which may or may not be center
aligned at the balls.
Note 5:  CA Parity Error Latency = CAPAR2ERR * tCK4 + tWCK2ERRO. For illustration purposes, CAPAR2ERR is shown with 2 nCK4
digital and 0 ns analog output delay.
Note 6:  Write CRC Error Latency and Write DPP Parity Error Latency = WRCRC2ERR * tCK4 + tWCK2ERRO. For illustration purposes,
WRCRC2ERR is shown with 5 nCK4 digital and 0 ns analog output delay.
Note 7:  From TO through T11, the ERR output has +1 (no error) or -1 (CA Parity error) as possible outcomes as only evaluating CA Parity.
Note 8: At T12, the ERR output has +1 (no error), 0 (WRCRC error or WRDPP parity error) or -1 (CA Parity error) as possible outcomes. All
outcomes shown for illustration purposes. CA parity will be signaled if a CA parity together with any combination of a WRCRC, a
WRDPP parity or both errors occur in the same cycle.
Note 9:  When the PAM3 register (MRO OPS) is set to NRZ mode, DQ[9:8] are turned off on the GDDR7 device and DQE bit positions [7:3] =
5b11111.
Note 10:  SEV and DPP parity are signaled at DQE bit positions [1:0] as described in 74BLE 130 and poison at position [2].

Figure 160 — NRZ Write Operation with DPP Enabled

7.8.3 Data Path Protection Test Mode

GDDR?7 devices supporting Data Path Protection also provide a way to debug and verify the functionality. When operating in DPP
mode (MR8 OP8 = 1g) the host controller may enable DPP Test Mode by setting MR5 OP11 = 1, this test mode is not self-
clearing, thus it must be disabled by setting MR5 OP11 = Op to resume normal operation in DPP mode. Any Read operation
performed with DPP Test Mode enabled will return the DPP parity bit inverted, allowing users to trigger and check the DPP error

detection and handling on host side.
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8

Operating Conditions

8.1

Absolute Maximum Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only,
and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this standard is not implied. Exposure to absolute maximum rating conditions for
extended periods may adversely affect reliability.

Table 134 — Absolute Maximum Ratings

Parameter ! Symbol Min Max Unit| Notes
Voltage on Vpp pin relative to Vss Vbp -0.3 1.5 A% 1,2
Voltage on Vppq pin relative to Vss Vbbo -0.3 1.5 v 1,2
Voltage on Vpp pin relative to Vss Vep -0.3 2.3 v 3
Voltage on any pins relative to Vss Vin/Vour -0.3 1.5 A% 2
Storage temperature Tsta -55 +125 °C 4
NOTE 1 Vbp and Vbpo must be within 300 mV of each other at all times the device is powered up for devices that require
Vbbb = VDDQ.
NOTE 2 Maximum values apply to GDDR7 SGRAMs supporting nominal Vpp, Vppq levels of 1.20V. Vendor datasheets should be
consulted for devices only supporting Vpp, Vbpg levels less than 1.20V as maximum values may be lower.
NOTE 3 VPP must be equal or greater than Vpp and Vppg at all times the device is powered up.
NOTE 4 Storage temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions,
please refer to the JESD51-2 standard.
8.2 Pad Capacitances
Table 135 — Silicon Pad Capacitance
Parameter ! Symbol Min Max Unit | Notes
Delta Input/Output Capacitance: DQ, DQE DCio - pF 2
Delta Output Capacitance: RCK t, RCK ¢ DCoi - pF 3
Delta Input Capacitance: CA DCu - pF 4
Delta Input Capacitance: WCK _t, WCK ¢ DCr - pF 5
Input/Output Capacitance: DQ, DQE Cio pF
Output Capacitance: RCK t, RCK ¢ Coi pF
Output Capacitance: ERR Co2 pF
Input Capacitance: CA Cn pF
Input Capacitance: WCK_t, WCK ¢ Cn pF
NOTE 1 Silicon pad capacitance values are not subject to production test. They are verified by design and characterization and
validated by de-embedding the package L & C parasitics. The capacitance is measured with Vpp, Vbpg and Vss applied
with all other signals floating.
NOTE 2 DCio = Cio (Max) — Cio (Min)
NOTE 3 DCoi = Absolute value of C RCK_t— CRCK ¢
NOTE 4 DCn =Cn (Max) — Cni (Min)
NOTE 5 DCr = Absolute value of C WCK_t—C WCK ¢
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8.3 Package Electrical Specification
Table 136 — Package Electrical Specification
Parameter 23 Symbol Min Max Unit | Notes
Input/Output package impedance: DQ, DQE Zio Q
Input/Output package delay: DQ, DQE Tdio ps
Output package impedance: RCK t, RCK ¢ Zoi Q
Output package delay: RCK t, RCK ¢ Tdou ps
Output package impedance: ERR Zo2 Q
Output package delay: ERR Tdo2 ps
Input package impedance: CA Zu Q
Input package delay: CA Tdn ps
Input package impedance: WCK t, WCK ¢ Zn Q
Input package delay: WCK t, WCK ¢ Tdr ps
Delta output package impedance: RCK t, RCK ¢ DZoi - Q 4
Delta output package delay: RCK t, RCK ¢ DTdoi - ps 5
Delta input package impedance: WCK _t, WCK ¢ DZi, - Q 6
Delta input package delay: WCK t, WCK ¢ DTdn - ps 7
NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The package L & C parasitics are validated using
package only samples. The capacitance is measured with Vpp, Vppg and Vs shorted with all other signals floating. The inductance is measured
with Vpp, Vppg and Vs shorted and all other signal balls shorted at the die side (not ball).
NOTE 2 Package only impedance (Zpkc) is calculated based on the Lpkg and Cpkg total for a given pin where:
Zpka(total per pin) = -] Lpka/Crke
NOTE 3 Package only delay (Tdpkg) is calculated based on Lpkg and Cpkg total for a given pin where:
Tdpkg(total per pin) = W'm
NOTE 4 DZo, = Absolute value of Zo; RCK _t—Z;, RCK ¢
NOTE 5 DTdo; = Absolute value of Tdo; RCK_t— Td;; RCK_c¢
NOTE 6 DZ;, = Absolute value of Z;, WCK_t—Z;, WCK ¢
NOTE 7 DTd;, = Absolute value of Td, WCK_t—Td;, WCK ¢
8.4 Package Thermal Characteristics
Table 137 — Package Thermal Characteristics
Parameter ' Symbol Value Unit | Notes
Thermal resistance from junction to ambient Theta JA °C/W 2,3
Thermal resistance from junction to board Theta JB °C/W 2,4
Thermal resistance from junction to case Theta JC °C/W 4
Junction-to-board thermal characterization parameter Psi_JB °C/W 5
Junction-to-top thermal characterization parameter Psi JT °C/W 5
NOTE 1 Measurement procedures for each parameter must follow standard procedures defined in the JEDEC JESDS51 standard.
NOTE 2 Theta_JA and Theta_JB must be measured with the high effective thermal conductivity test board defined in JESD51-7.
NOTE 3 Airflow information must be documented for Theta JA.
NOTE 4 Theta JB and Theta JC are derived through a package thermal simulation.
NOTE 5 Psi JB and Psi_JT parameters as defined in JESD51-12 are derived through a package thermal simulation.
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8.5 Electrostatic Discharge Sensitivity Characteristics

Table 138 — Electrostatic Discharge Sensitivity Characteristics

Parameter ! Symbol Min Max Unit | Notes
Human body model (HBM) ESDusm 1000 - \% 2
Charged-device model (CDM) ESDcom 250 - \% 3

NOTE 1 State-of-the-art basic ESD control measures must be in place when handling devices.
NOTE 2 Refer to ESDA / JEDEC Joint Standard JS-001 for measurement procedures.
NOTE 3 Refer to ESDA / JEDEC Joint Standard JS-002 for measurement procedures.

8.6 Operating Temperature Range

GDDR?7 operating temperature refers to the junction temperature of the GDDR7 SGRAM as being reported
via the Temperature Sensor Readout of Info Read. The Info Read (IRD) command shall be issued in regular
intervals on the 2 or 4 channels of the device, depending on the selected channel configuration, to verify

that the maximum support operating temperature is not exceeded.

GDDR7 SGRAMSs supports JESD402-1 operating temperature ranges. For specific ranges available and
supported in a device, please refer to vendor datasheets and JESD402-1B or later. 74BLE /39 thru

T4BLE 141 show examples of the ranges that could be supported in a device.

Table 139 — Operating Temperature Range Example 1

Parameter Symbol Min Max Unit | Notes
Operating Temperature Range TJoprl15 0 115 °C 1
NOTE 1 See the Ac TimINGS table for details on refresh rate.
Table 140 — Operating Temperature Range Example 2
Parameter Symbol Min Max Unit | Notes
Operating Temperature Range Standard TJopr90 90 °C 1
Operating Temperature Range Extended TJopr100 100 °C 1
NOTE 1 See the Ac TimINGS table for details on refresh rate.
Table 141 — Operating Temperature Range Example 3
Parameter Symbol Min Max Unit | Notes
Operating Temperature Range A105 TJoprA105 -40 105 °C 1
Operating Temperature Range A85 TJoprA85 -40 85 °C 1
Operating Temperature Range Extended TJopr110 0 110 °C 1
Operating Temperature Range Standard TJopr95 0 95 °C 1

NOTE 1 See the Ac TimINGS table for details on refresh rate.
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8.7 DC Operating Conditions

Initially, all GDDR7 SGRAMs are designed for 1.2 V typical Vpp and Vppg voltage supplies. GDDR7
SGRAMSs can also be designed for 1.1 V typical Vpp and Vppq voltage supplies, or be designed to support
multiple Vpp and Vppq supply voltages, e.g., 1.2 V and 1.1 V. Vendor datasheets should be consulted for
actual Vpp and Vppg voltages supported, as factors such as process technology and supported system
voltage(s) many require typical operating voltages to be added, dropped or maintained over time.

GDDR7 SGRAMSs can also support the switching of the Vpp and Vppq supply voltages during sleep mode.
The Dynamic Voltage Switching (DVS) procedure should be followed when switching between supply
voltages. Vendor datasheets should be consulted for details regarding DV'S support.
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8.7 DC Operating Conditions (cont’d)

Table 142 — DC Operating Conditions

1.20 V Range 1.10 V Range
Parameter Symbol Unit | Notes
Min Typ Max Min Typ Max
Device supply voltage Vop 1.164 1.2 1.236 1.067 1.1 1.133 A" 1,2
Output supply voltage Vbbo 1.164 1.2 1.236 1.067 1.1 1.133 A% 1,2
Pump voltage Vrp 1.746 1.8 1.908 1.746 1.8 1.908 A% 2
VREFDL - 0.625 x Vppq - - 0.625 x Vbpq - A%
Reference voltages for DQ and DQE inputs in PAM3 mode 3,4
VREFDH - 0.875 x Vbpo - - 0.875 x Vbpo - A%
ijiﬂference voltages for DQ and DQE inputs in NRZ mode with ODT S B 0.5 % Voo B B 0.5 % Voo B v 3.4
Reference voltages for CA inputs with ODT on VREFCA - 0.725 x Vbpg - - 0.725 % Vpbpo - A\ 3,5
Reference voltages for CA inputs with HalfVREFC with ODT off VREFCA2 - 0.5 x Vbpo — - 0.5 x Vppo - \'% 3,5,6
DC input logic High voltage with Vrerca for CA inputs Vinca(DC) | Vrerca +0.12 - - VRerca + 0.1 - - v
DC input logic Low voltage with Vrerca for CA inputs ViLea(DC) - - VRrerca —0.12 - - VRrerca — 0.1 v
DC input logic High voltage with Vrercaz for CA inputs Vinca2(DC) | Vrercaz + 0.24 - - Vrercaz +0.22 - - v
DC input logic Low voltage with Vrercaz for CA inputs ViLcaz(DC) - - VRrercaz — 0.24 - - Vrerca2z—0.22| 'V
DC input logic High voltage with Vrerp2 for DQ and DQE inputs Vip2(DC) | Vrerp2 +0.24 - - VRrerp2 +0.22 - - v
DC input logic Low voltage with Vrerp2 for DQ and DQE inputs ViLp2(DC) - - Vrerp2 — 0.24 - - Vrerp2 —0.22 | 'V
RESET n input logic high voltage ViHr 0.8 X Vpp - - 0.8 X Vpp - — A%
RESET n input logic low voltage ViHo — - 0.2 X Vpp - - 0.2 X Vpp A%
?r(/)%r?;gi étnstl;tt éogic high voltage for device configuration at exit Vit 0.8 % Voo B B 0.8 % Voo B B v 7




JEDEC Standard No. 239D

Page 273
Table 142 — DC Operating Conditions (cont’d)
1.20 V Range 1.10 V Range
Parameter Symbol Unit | Notes
Min Typ Max Min Typ Max
CA[4:0] input logic low voltage for device configuration at exit from Vil B B 0.2 % Voo B B 0.2 % Voo v 7
reset state
Input leakage current (any input 0V < Vin < Vppg; all other signals I _ _ A
not under test = 0V) IL M
Output Leakage Current (outputs are disabled; OV < Vour < Vbpq) loz - - LA
WCK clock input mid-point voltage Vmp(DC) | Vrerca - 0.1V - Vrerca + 0.1V | Vrerca - 0.1V - Vrerca +0.1V| V 8
WCK clock input differential voltage Vibwek(DC) 0.175 - - 0.165 - - A% 9
External resistor value 7Q 118.8 120 121.2 118.8 120 121.2 Q

NOTE 1 GDDR7 SGRAMs are designed to tolerate PCB designs with separate Vpp and Vbpq power regulators.

NOTE 2 DC bandwidth is limited to 20 MHz.

NOTE 3 AC noise in the system is estimated at S0 mV pk-pk for the purpose of DRAM design.

NOTE 4 The reference voltage for the DQ and DQE inputs is generated internally, and its values are determined by the PAM3, VREFDH and VREFDL level and offset mode register bits. The
typical Vrerpn and VrerpL levels depend on the selected data termination value; the values in this table represent the ideal data eye center with 40 Ohm ODT and 40 Ohm host-side driver
strength; see Mode Register 16 (MR16) and 17 (MR17) for details.

NOTE 5 The reference voltage for the CA inputs is generated internally, and its values are determined by the Half VREFC and VREFCA mode register bits. The typical Vrerca level depends on
the selected CA termination value; the values in this table represent the ideal data eye center with 48 Ohm ODT and 40 Ohm host-side driver strength; see Mode Register 13 (MR13) for
details.

NOTE 6 Programmable Vrerca levels are not supported with Vrercaz.

NOTE 7 Vmrz and ViLrz apply at exit from reset state when latching default device configurations.

NOTE 8 The WCK _tand WCK c input reference level (for timing referenced to WCK _t and WCK c) is the point at which WCK_t and WCK ¢ cross. Please refer to the applicable timings in the
AC Timings table.

NOTE 9 Vimwck is the magnitude of the difference between the input level on WCK _t and the input level on WCK_c. The input reference level for signals other than WCK_t and WCK_c is either

VREFC, VREFC2, VREFDH, VREFDL, OF VREFD2.

8.8 AC Operating Conditions

GDDR?7 does not specify AC operating conditions as the dynamic behavior of a GDDR7 DRAM is expected to depend a lot on the characteristics
of the individual target system. Users therefore are encouraged to work with the DRAM vendors on related topics like signaling, clocking, jitter or
power supply noise, to validate the stable operation of the DRAM in the target system.
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9 IDD

This chapter defines IDD and IDDQ measurement conditions such as test load and patterns.

o IDD currents are measured as time-averaged currents, with all Vpp balls of the device under
test tied together. IDDQ and IPP currents are not included in IDD currents.

+ IDDQ currents are measured as time-averaged currents with all VDDQ balls of the device under
test tied together. IDD and IPP currents are not included in IDDQ currents:

o IPP currents are measured as time-averaged currents with all Vpp balls of the device under test
tied together. IDD and IDDQ currents are not included in IPP currents:

Attention: IDDQ values cannot be directly used to calculate IO power of the device. They can be used to
support correlation of simulated IO power to actual 10 power.

For IDD, IPP, and IDDQ measurements, the following definitions apply:

* CABI, CAPAR, CAPARBLK, PSN/SEV, RDCRC, WRCRC, and PAM3 are enabled

* DQE HZ, ECS _ON, CAOSC and Data Scramble are disabled

* WCK frequency is set with DCC enabled (if DCC supported)

* VDD and VDDQ range are set

* DQs and DQE are ODT during all cycles without data traffic

* ODTs are enabled with 40 Ohm for DQs and 48 Ohm for WCKs and CAs; ODT offsets are disabled;
ZQ auto calibration is enabled

* WLmrs, RLmrs, RAS, WR are set to appropriate values

* CRC is enabled for READs and WRITEs with appropriate WRCRC2ERR and DQERL settings

* RCKTYPE is set to differential and RCKLEVEL is set to Full swing

* Command Address (CA) inputs include the CABI bit in CA1

* Each channel consists of ten DQs and one DQE pin

* RNOP2, CNOP2 and all address inputs pulled HIGH during idle command cycles

* RCK is always on mode in IDD3NR, IDD4R and IDD7 with differential RCKTYPE and full swing
RCKLEVEL; RCK is disabled in all other IDD condition.

» Data pattern (one burst of 32) used with IDD4R, IDD4W and IDD7 pattern:

- This pattern is specified as un-encoded raw payload data.

- For IDD4R/W, the pattern is defined based on the polynomial of X'+ X3 + X2 + X2 + 1 with
16383 length.

- For IDD7, when cycling thru all 16 banks, the same pattern can be replicated 4x.

- To avoid DQ to DQ correlation, the PRBS will sequentially generate blocks of 256 raw data bits
for each transfer, which are distributed to the 8 internal data lanes (pre-encoding). For example:
the first 32 consecutive generated bits to the Data lane 0, the next 32 bits on Data lane 1,... ,
until data lane 7.

- The PRBS can be initiated with any random seed.

- DRAM vendors can provide the additional IDD numbers to reflect the worst-case scenario
outside JEDEC.
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IDD (cont’d)

Basic IDD, IPP, and IDDQ Measurement Conditions including timings used for IDD Measurement-
Loop Patterns are described in T4BLE 143.

IDD Measurements are done after properly initializing the device. This includes the pre-load of the
memory array with data pattern used with IDD4R and IDD7 measurements.

The IDD, IPP and IDDQ Measurement-Loop patterns shall be executed at least once before actual
measurement is started.

The measurements shall be taken separately with the device configured to 4-channel mode and
2-channel mode.

Measurements are taken per device with the same IDD Measurement-Loop Patterns on all active
channels.
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9 IDD (cont’d)
Table 143 — IDD Specifications and Test Conditions
4CH Mode 2CH Mode
PARAMETER/CONDITION SYMBOL TEMP Bin Bin NOTES
Bin''n ... | Bin''n
n+1 n+1
One Bank Activate Precharge Current: tWCK = tWCK(min); DQ, DQE is High; IDDO
bank and row addresses as defined in 748LE 145 with ACT command; AC timings IDDQO
as defined in T4BLE 144. IPPO 2
Four Bank Activate Precharge Current: tWCK =tWCK(min); DQ, DQE is High; IDDOF
bank and row addresses as defined in 7438.E 146 with ACT command; AC timings IDDQOF
as defined in T4BLE 144. IPPOF 2
) ) o IDD2P
Precharge Power-down Current: tWCK = tWCK(min); all banks idle; device is
. . . . IDDQ2P
in precharge power-down state; all other inputs are High; WCK inputs are stable; PPop 3
) ) ) IDD2N
Precharge Standby Current: tWCK = tWCK(min); all banks idle; all other inputs
. . IDDQ2N
are High; WCK inputs are stable;
IPP2N 2
Precharge Sleep mode Current: all banks idle; device is in sleep mode; WCK IDD2S
inputs are High; all CA inputs are High; all DQs are High; all other inputs are don’t IDDQ2S
care, IPP2S 2
. . . o IDD3P TJOpr(maX)IO
Active Power-down Current: tWCK = tWCK(min); one bank active; device is in
. . . IDDQ3P
precharge power-down state; all other inputs are High; WCK inputs are stable PP3P 3
] ) ) IDD3N
Active Standby Current: tWCK = tWCK(min); one bank active; all other inputs IDDQ3N
are High; WCK inputs are stable;
IPP3N 2
) IDD3NR
Active Standby Current with RCK enabled: tWCK = tWCK(min); one bank IDDQ3NR
active; all other inputs are High; WCK inputs are stable; RCK enabled;
IPP3NR 2
IDD3NF
Active Standby Current with 4banks activated: tWCK = tWCK(min); four banks
. . . . IDDQ3NF
active; all other inputs are High; WCK inputs are stable;
[PP3NF 2
Read Burst Current: tWCK =tWCK(min); 4 banks activate; continuous read burst IDD4R
across the activated 4 banks with 50% internal data-bus toggle (PRBS14 generated) IDDQ4R
on each data transfer, as defined in 74BLE 147; bank and column addresses as
defined in 74BLE 146; with READ command; RCK enabled; IPP4R 2
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Table 143 — IDD Specifications and Test Conditions (cont’d)
4CH Mode 2CH Mode
PARAMETER/CONDITION SYMBOL TEMP Bin Bin NOTES
Bin''n Bin''n
n+1 n+1
. . _ . oo . . IDD4W
Write Burst Current: tWCK = tWCK(min); 4 banks activate; continuous write
burst across the activated 4 banks with 50% internal data-bus toggle (PRBS14 IDDQ4W
generated) on each data transfer, as defined in 748LE 148 with WRITE command; IPP4W 5
IDD5B
Refresh All Bank Current: tWCK = tWCK(min); timing reference is in IDDQSB
TABLE 144; all other inputs are high; WCK inputs are stable;
IPP5B 2
IDD5P
Refresh Per Bank Current: tWCK = tWCK(min); timing reference is in IDDQSP
TABLE 144; all other inputs are high; WCK inputs are stable;
IPP5P 2
IDD6
Self Refresh Current: tWCK = tWCK(min); all other inputs are High; WCK inputs IDDQ6
are stable
IPP6 2
Sixteen Bank Interleave Read Current: tWCK = tWCK(min); 16 banks activated IDD7
and precharged while continuous read burst are performed across the open banks IDDQ7
with 50% data toggle (PRBS14 generated) on each data transfer following the
pattern defined in 748LE 149; RCK enabled, IPP7 2
IDD6S 3,5
IDD6QS Tn 3,5
IPP6S 2,3,5
IDD6S 3,5
S_elf Refresh Sleep: All other inputs are High; WCK inputs are High. TCSR is IDD6QS Tnt1 (optional) 3.5
disabled.
IPP6S 2,3,5
IDD6S 3,5,9
IDD6QS Tn+2 (optional) 3,5,9
IPP6S 2,3,5,9
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Table 143 — IDD Specifications and Test Conditions (cont’d)

4CH Mode 2CH Mode
PARAMETER/CONDITION SYMBOL TEMP Bin Bin NOTES
Bin''n Bin''n
n+l n+l
IDD6S-A 5,6,7
IDDQ6S-A TJopr(min) - Ta 5,6,7
IPP6S-A 2,5,6,7
) ) ) ) IDD6S-A 5,6,7
Self Refresh Sleep TCSR: All other inputs are High; WCK inputs are High. TCSR IDDQ6S-A Tb - Ty 5.6.7
is enabled. (optional)
IPP6S-A 2,5,6,7
IDD6S-A 5,6,7
IDDQ6S-A | Tz - TJopr(max) 5,6,7
IPP6S-A 2,5,6,7
IDD6H 57,89
IDDQ6H TJopr(min) - Ta 5,7,8,9
IPP6H 2,5,7,8,9
IDD6H 57,89
Hibernate Self Refresh Sleep: All other inputs are High; WCK inputs are High. IDDQGH Tb - Ty 57809
TCSR controls the interval of self refresh. (optional) —
IPP6H 2,5,7,8,9
IDD6H 57,89
IDDQ6H Tz - TJopr(max) 5,7,8,9
IPP6H 2,5,7,8,9

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5
NOTE 6
NOTE 7

NOTE 8

NOTE 9
NOTE 10
NOTE 11

Min tRC or tRFC for IDD measurements is the smallest multiple of tCK that meets the minimum of the absolute value for the respective parameter.
IPP currents have the same definition as IDD except that the current on the VPP supply is measured.

IDDG6S is applicable for MR8 OP[10:9]= 003, 01 or 10 (fixed self refresh interval). Tn is the temperature or temperature range associated with 00g. Tn+1 is associated with 01z and Tn+2
is associated with 10g which are both optional fixed self refresh intervals. See vendor datasheets for more details.

Max. values for IDD currents considering worst case conditions of process, temperature and voltage.
Refer to the vendor datasheets for the value specification method (e.g., max, typical) for IDD6S, IDD6S-A, and IDD6H.
IDD6S-A is only when the Temperature Controlled Self Refresh feature is enabled by MR8 OP[10:9] = 115 (Temperature compensated self refresh rate)

The number of discrete temperature ranges supported and the associated Ta - Tz, and the values are supplier/ design specific. Temperature ranges are intended to denote the nominal trip
points for the internal temperature sensor to bracket discrete self refresh rates internal to the DRAM. Refer to supplier datasheet for more information.

IDD6H is for Hibernate Self Refresh Sleep as enabled with MR8 OP11. Hibernate self refresh is allowed to be entered over the full operating temperature range. See vendor datasheets for
details.

IDD6H values are characterized but not necessarily tested, see vendor data sheets for more details.
TJopr(max) is the max temperature of the supported JESD402-1 ranges. See the Operating Temperature Range Section.
Bin n, Bin n+1 are the speed bins supported. See vendor datasheets for details on the frequencies and voltages supported.




JEDEC Standard No. 239D

Page 279
9 IDD (cont’d)
Table 144 — AC Parameter Condition for IDD Test
Value
Parameter Unit Notes
Min Max
tRC 50 ns
tRAS 30 33 ns 1
tRP 17 20 ns 1
tRCDRD 18 ns
16, 24, 32Gb 200 ns
tRFCab
48, 64Gb TBD ns
16, 24, 32Gb 120 ns
tRFCpb
48, 64Gb TBD ns
{REFI 1.9 us
NOTE 1 tRAS and tRP are vendor specific, but the sum of tRAS and tRP should be the same as tRC = 50 ns.
Table 145 — IDD0 Measurement-Loop Pattern
Sub- 1
Lo CK4 Cycle Row Command Col Command Data
0 CNOP1
ACT Bank 0 Row E7C7'h
1 CNOP1
2 RNOP2 CNOP2
0 repeat NOP until cycle (nRAS -1) CNOP2 -
nRAS PREab CNOP1
nRAS + 1 RNOP2 CNOP2
repeat NOP until cycle (nRAS -1) CNOP2
1 nRC repeat sub-loop 0 pattern until cycle (2* nRC -1) with Bank 5 and RA = 03C7h instead;
2 2*RC repeat sub-loop 0 pattern until cycle (3* nRC -1) with Bank 10 and RA = 03C7h instead;
3 3*RC repeat sub-loop 0 pattern until cycle (4* nRC -1) with Bank 15 and RA = 03C7h instead;

NOTE 1 CNOPI in this table is supposed to be set as all “H” except CAPAR bit.
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9 IDD (cont’d)
Table 146 — IDDOF Measurement-Loop Pattern
Sllb- 1
L CK4 Cycle Row Command Col Command Data
0
N ACT Bank 0 Row E7C7'h CNOP1
repeat RNOP2 until cycle (nRC /4-1) CNOP2
nRC/4
ACT Bank 5 Row E7C7'h CNOP1
nRC/4+1
R repeat RNOP2 until cycle (nRC *2/4-1) CNOP2
Initialization -
nRC *2/4 CNOP1
ACT Bank 10 Row E7C7'h
nRC *2/4+1
repeat RNOP2 until cycle (nRC *3/4-1) CNOP2
nRC *3/4 CNOP1
ACT Bank 15 Row E7C7'h
nRC *3/4+1
repeat RNOP2 until cycle (nRC -1) CNOP2
nRC
PREpb Bank 0 CNOP1
nRC+1
nRC+2
ACT Bank 4 Row 03C7’h CNOP1
nRC+3
repeat RNOP2 until cycle (nRC *5/4 -1) CNOP2
nRC*5/4
PREpb Bank 5 CNOP1
nRC*5/4+1
nRC*5/4+2
ACT Bank 9 Row 03C7’h CNOP1
nRC*5/4+3
0 repeat RNOP2 until cycle (nRC *6/4-1) CNOP2
nRC*6/4 '
PREpb Bank 10 CNOP1
nRC*6/4+1
nRC*6/4+2
ACT Bank 14 Row 03C7’h CNOP1
nRC*6/4+3
repeat RNOP2 until cycle (nRC *7/4-1) CNOP2
nRC*7/4
PREpb Bank 15 CNOP1
nRC*7/4+1
nRC*7/4+2
ACT Bank 3 Row 03C7’h CNOP1
nRC*7/4+3
repeat RNOP2 until cycle (nRC *8/4-1) CNOP2
1 2#nRC repeat sub-loop 0 pattern until cycle (3* nRC -1) with Bank 4, Bank 9, Bank 14, Bank 3 for PREpb in
order and Bank 8, Bank 13, Bank 2, Bank 7 for ACT in serial with RA = 03C7h instead;
2 3#RC repeat sub-loop 0 pattern until cycle (4* nRC -1) with Bank 8, Bank 13, Bank 2, Bank 7 for PREpb in
order and Bank 12, Bank 1, Bank 6, Bank 11 for ACT in serial with RA = 03C7h instead;
3 4*nRC repeat sub-loop 0 pattern until cycle (5* nRC -1) with Bank 12, Bank 1, Bank 6, Bank 11 for PREpb
in order and Bank 0, Bank 5, Bank 10, Bank 15 for ACT in serial with RA = 03C7h instead,;

NOTE CNOPI in this table is supposed to be set as all “H” except CAPAR bit.
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9 IDD (cont’d)
Table 147 — IDD4R Measurement-Loop Pattern
Sub-Loop | CK4 Cycle Row Command Col Command Data
0 RNOP2
READ Bank 0 Col 00'h
1 RNOP2
2 RNOP2
READ Bank 5 Col 07'h
3 RNOP2
4 RNOP2
READ Bank 10 Col 14'h
5 RNOP2
6 RNOP2
READ Bank 15 Col 20'h
7 RNOP2
8 RNOP2
READ Bank 0 Col 3C'h
9 RNOP2
10 RNOP2
READ Bank 5 Col 29'h
11 RNOP2
12 RNOP2
READ Bank 10 Col 11'h
13 RNOP2
14 RNOP2
READ Bank 15 Col 32'h
15 RNOP2
16 RNOP2
READ Bank 0 Col 17'h
17 RNOP2
18 RNOP2 READ Bank 5 Col 3B'h
an o -
0 19 RNOP2 PRBS-14
20 RNOP2
READ Bank 10 Col 21'h
21 RNOP2
22 RNOP2
READ Bank 15 Col 2C'h
23 RNOP2
24 RNOP2
READ Bank 0 Col 3F'h
25 RNOP2
26 RNOP2
READ Bank 5 Col 0B'h
27 RNOP2
28 RNOP2
READ Bank 10 Col 17'h
29 RNOP2
30 RNOP2
READ Bank 15 Col OE'h
31 RNOP2
32 RNOP2
READ Bank 0 Col 07'h
33 RNOP2
34 RNOP2
READ Bank 5 Col 14'h
35 RNOP2
36 RNOP2
READ Bank 10 Col 20'h
37 RNOP2
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Table 147 — IDD4R Measurement-Loop Pattern (cont’d)
Sub-Loop CK4 Cycle Row Command Col Command Data
38 RNOP2 |
39 RNOP2 READ Bank 15 Col 3C'h
40 RNOP2
READ Bank 129'h
41 RNOP2 ank 0 Col 29
42 RNOP2 |
43 RNOP2 READ Bank 5 Col 11'h
. Rnop2 READ Bank 10 Col 32'h
45 RNOP2
46 RNOP2
READ Bank 15 Col 17'h
47 RNOP2 ank 15 Col 17
48 P READ Bank 0 Col 3B'h
49 RNOP2 ank 0 Co
50 RNOP2
READ Bank 5 Col 21'h
1 RNOP2 ank 5 Co
2 RNOP2
: T READ Bank 10 Col 2C'h
53 RNOP2
54 RNOP2
READ Bank 15 Col 3F'h
35 RNOP2 ank 15 Col 3
RNOP2
5 o READ Bank 0 Col 0B'h
57 RNOP2
B LS READ Bank 5 Col 17'h
59 RNOP2
0 PRBS-14
60 RNOP2
READ Bank 10 Col 0E'h
61 RNOP2 ank 10 Col 0
o Koo READ Bank 15 Col 00'h
63 RNOP2 an o
64 RNOP2
READ Bank 0 Col 14'h
65 RNOP2 ank 0 Co
RNOP2
o o READ Bank 5 Col 20'h
67 RNOP2
68 RNOP2
READ Bank 10 Col 3C'h
69 RNOP2 ank 10 Col 3C
RNOP2
o A READ Bank 15 Col 29'h
71 RNOP2
s TR READ Bank 0 Col 11'h
73 RNOP2
74 RNOP2
READ Bank 5 Col 32'h
75 RNOP2 ank 5 Col 3
76 RNOP2
READ Bank 10 Col 17'h
77 RNOP2 ank 10 Col 17
78 RNOP2
READ Bank 15 Col 3B'h
79 RNOP2 ank 15 Col 3
80 RNOP2
READ Bank 0 Col 21'h
81 RNOP2
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Table 147 — IDD4R Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data

82 RNOP2
READ Bank 5 Col 2C'h

83 RNOP2

84 RNOP2
READ Bank 10 Col 3F'h

85 RNOP2

86 RNOP2
READ Bank 15 Col 0B'h

87 RNOP2

88 RNOP2
READ Bank 0 Col 17'h

89 RNOP2

90 RNOP2
READ Bank 5 Col OE'h

91 RNOP2

92 RNOP2
READ Bank 10 Col 00'h

93 RNOP2

94 RNOP2
READ Bank 15 Col 07'h

95 RNOP2

96 RNOP2
READ Bank 0 Col 20'h

97 RNOP2

98 RNOP2
READ Bank 5 Col 3C'h

99 RNOP2

100 RNOP2

0 READ Bank 10 Col 29'h PRBS-14

101 RNOP2

102 RNOP2
READ Bank 15 Col 11'h

103 RNOP2

104 RNOP2
READ Bank 0 Col 32'h

105 RNOP2

106 RNOP2
READ Bank 5 Col 17'h

107 RNOP2

108 RNOP2
READ Bank 10 Col 3B'h

109 RNOP2

110 RNOP2
READ Bank 15 Col 21'h

111 RNOP2

112 RNOP2
READ Bank 0 Col 2Ch

113 RNOP2

114 RNOP2
READ Bank 5 Col 3F'h

115 RNOP2

116 RNOP2
READ Bank 10 Col 0B'h

117 RNOP2

118 RNOP2
READ Bank 15 Col 17'h

119 RNOP2
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Table 147 — IDD4R Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
120 RNOP2
READ Bank 0 Col OE'h
121 RNOP2
122 RNOP2
READ Bank 5 Col 00'h
123 RNOP2
0 PRBS-14
124 RNOP2
READ Bank 10 Col 07'h
125 RNOP2
126 RNOP2
READ Bank 15 Col 14'h
127 RNOP2

NOTE 1 PRBS data patterns are defined based on the polynomial of X! + X3 + X2 + X2 + 1.

NOTE 2 DRAM vendors can use a vendor specific pattern designed to generate IDD values as close as possible to a PRBS
data pattern described in NOTE 1 as a temporary alternative. Also, DRAM vendors can provide a conversion factor
that allows the projection of the equivalent IDD values compared to the PRBS pattern.
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9 IDD (cont’d)
Table 148 — IDD4W Measurement-Loop Pattern
Sub-Loop | CK4 Cycle Row Command Col Command Data
0 RNOP2
WRITE Bank 0 Col 00'h
1 RNOP2
2 RNOP2
WRITE Bank 5 Col 07'h
3 RNOP2
4 RNOP2
WRITE Bank 10 Col 14'h
5 RNOP2
6 RNOP2
WRITE Bank 15 Col 20'h
7 RNOP2
8 RNOP2
WRITE Bank 0 Col 3C'h
9 RNOP2
10 RNOP2
WRITE Bank 5 Col 29'h
11 RNOP2
12 RNOP2
WRITE Bank 10 Col 11'h
13 RNOP2
14 RNOP2
WRITE Bank 15 Col 32'h
15 RNOP2
16 RNOP2
WRITE Bank 0 Col 17'h
17 RNOP2
18 RNOP2
0 WRITE Bank 5 Col 3B'h PRBS-14
19 RNOP2
20 RNOP2
WRITE Bank 10 Col 21'h
21 RNOP2
22 RNOP2
WRITE Bank 15 Col 2C'h
23 RNOP2
24 RNOP2
WRITE Bank 0 Col 3Fh
25 RNOP2
26 RNOP2
WRITE Bank 5 Col 0B'h
27 RNOP2
28 RNOP2
WRITE Bank 10 Col 17'h
29 RNOP2
30 RNOP2
WRITE Bank 15 Col OE'h
31 RNOP2
32 RNOP2
WRITE Bank 0 Col 07'h
33 RNOP2
34 RNOP2
WRITE Bank 5 Col 14'h
35 RNOP2
36 RNOP2
WRITE Bank 10 Col 20'h
37 RNOP2
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Table 148 — IDD4W Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data

38 RNOP2
WRITE Bank 15 Col 3C'h

39 RNOP2

40 RNOP2
WRITE Bank 0 Col 29'h

41 RNOP2

42 RNOP2
WRITE Bank 5 Col 11'h

43 RNOP2

44 RNOP2
WRITE Bank 10 Col 32'h

45 RNOP2

46 RNOP2
WRITE Bank 15 Col 17'h

47 RNOP2

48 RNOP2
WRITE Bank 0 Col 3B'h

49 RNOP2

50 RNOP2
WRITE Bank 5 Col 21'h

51 RNOP2

52 RNOP2
WRITE Bank 10 Col 2C'h

53 RNOP2

54 RNOP2
WRITE Bank 15 Col 3F'h

55 RNOP2

56 RNOP2
57 RNOP2 WRITE Bank 0 Col OB'h

0 PRBS-14

58 RNOP2
WRITE Bank 5 Col 17'h

59 RNOP2

60 RNOP2
WRITE Bank 10 Col OE'h

61 RNOP2

62 RNOP2
WRITE Bank 15 Col 00'h

63 RNOP2

64 RNOP2
WRITE Bank 0 Col 14'h

65 RNOP2

66 RNOP2
WRITE Bank 5 Col 20'h

67 RNOP2

68 RNOP2
WRITE Bank 10 Col 3C'h

69 RNOP2

70 RNOP2
WRITE Bank 15 Col 29'h

71 RNOP2

72 RNOP2
WRITE Bank 0 Col 11'h

73 RNOP2

74 RNOP2
WRITE Bank 5 Col 32'h

75 RNOP2

76 RNOP2
WRITE Bank 10 Col 17'h

77 RNOP2
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Table 148 — IDD4W Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
78 RNOP2
RITE Bank 1 13Bh
79 RNOP2 W ank 15 Col 3
80 RNOP2
WRITE Bank 0 Col 21'h
81 RNOP2
82 RNOP2
RITE Bank 12Ch
23 RNOP2 W ank 5 Col 2C
4 RNOP2
8 o WRITE Bank 10 Col 3F'h
85 RNOP2
86 RNOP2
RITE Bank 1 1 0B'h
87 RNOP2 W ank 15 Col 0
RNOP2
88 NO WRITE Bank 0 Col 17'h
89 RNOP2
20 RNOP2 WRITE Bank 5 Col OE'h
91 RNOP2
92 RNOP2
RITE Bank 1 100'h
93 RNOP2 W ank 10 Col 00
94 RNOP2
WRITE Bank 15 Col 07'h
95 RNOP2
96 RNOP2
RITE Bank 120'h
97 RNOP2 \\% ank 0 Col 20
98 RNOP2
WRITE Bank 5 Col 3C'h
99 RNOP2 ank oo
0 100 RNOP2 WRITE Bank 10 Col 29'h PRBS-14
101 RNOP2
102 RNOP2
0 NO WRITE Bank 15 Col 11'h
103 RNOP2
104 RNOP2
WRITE Bank 0 Col 32'h
105 RNOP2
106 RNOP2
RITE Bank 117'h
107 RNOP2 W ank 5 Col 17
108 RNOP2 ,
109 RNOP2 WRITE Bank 10 Col 3B'h
110 RNOP2
RITE Bank 1 121'h
111 RNOP2 W ank 15 Co
112 RNOP2 ,
TE RNOP2 WRITE Bank 0 Col 2C'h
14 RNOP2 WRITE Bank 5 Col 3F'h
115 RNOP2
116 RNOP2
WRITE Bank 10 Col 0B'h
117 RNOP2
118 RNOP2
WRITE Bank 15 Col 17'h
119 RNOP2
120 RNOP2

121

RNOP2

WRITE Bank 0 Col OE'h
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Table 148 — IDD4W Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data

122 RNOP2
WRITE Bank 5 Col 00'h

123 RNOP2

124 RNOP2

0 WRITE Bank 10 Col 07'h PRBS-14

125 RNOP2

126 RNOP2
WRITE Bank 15 Col 14'h

127 RNOP2

NOTE 1 PRBS data patterns are defined based on the polynomial of X' + X!3 + X2 + X2 + [.

NOTE 2 DRAM vendors can use a vendor specific pattern designed to generate IDD values as close as possible to a PRBS data pattern
described in NOTE 1 as a temporary alternative. Also, DRAM vendors can provide a conversion factor that allows the projection
of the equivalent IDD values compared to the PRBS pattern.
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9 IDD (cont’d)
Table 149 — IDD7 Measurement-Loop Pattern
Sub-Loop | CK4 Cycle Row Command Col Command Data
0 CNOP1
1 ACT Bank 6 Row 4F'h CNOP1
2 RNOP2 CNOP1
3 RNOP2 CNOP1
4 RNOP2 CNOP1
5 RNOP2 CNOP1
6 RNOP2 CNOP1
7 RNOP2 CNOP1
2 ACT Bank 7 Row 4F'h 8:118}13
10 RNOP2 CNOP1
11 RNOP2 CNOP1
12 RNOP2 CNOP1
13 RNOP2 CNOP1
14 RNOP2 CNOP1
15 RNOP2 CNOP1
ig ACT Bank 8 Row 4F'h gig;
18 RNOP2 CNOP1
19 RNOP2 CNOP1
L 20 RNOP2 CNOP1
Initialization -
21 RNOP2 CNOP1
22 RNOP2 CNOP1
23 RNOP2 CNOP1
;2 ACT Bank 9 Row 4F'h ggg:
26 RNOP2 CNOP1
27 RNOP2 CNOP1
28 RNOP2 CNOP1
29 RNOP2 CNOP1
30 RNOP2 CNOP1
31 RNOP2 CNOP1
2 Tk 10 Row 4 enor!
34 RNOP2 CNOPI
35 RNOP2 CNOP1
36 RNOP2 CNOP1
37 RNOP2 CNOPI
38 RNOP2 CNOPI
39 RNOP2 CNOP1
j(l) ACT Bank 11 Row 4F'h gggii
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Table 149 — IDD7 Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
42 RNOP2 CNOP1
43 RNOP2 CNOP1
44 RNOP2 CNOP1
45 RNOP2 CNOP1
46 RNOP2 CNOP1
47 RNOP2 CNOP1
jg ACT Bank 12 Row 4F'h ggg;
50 RNOP2 CNOP1
51 RNOP2 CNOP1
52 RNOP2 CNOP1
53 RNOP2 CNOP1
54 RNOP2 CNOP1
55 RNOP2 CNOP1
56 ACT Bank 13 Row 4F'h CNOPI
57 CNOP1
58 RNOP2 CNOP1
59 RNOP2 CNOP1
e e 60 RNOP2 CNOP1
Initialization 6l RNOP2 CNOPI -
62 RNOP2 CNOP1
63 RNOP2 CNOP1
Z: ACT Bank 14 Row 4F'h ggg:
66 RNOP2 CNOP1
67 RNOP2 CNOP1
68 RNOP2 CNOP1
69 RNOP2 CNOP1
70 RNOP2 CNOP1
71 RNOP2 CNOP1
Zi ACT Bank 15 Row 4F'h ggg:
74 RNOP2 CNOP1
74 RNOP2 CNOP1
76 RNOP2 CNOP1
77 RNOP2 CNOP1
78 RNOP2 CNOP1
79 RNOP2 CNOP1
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Table 149 — IDD7 Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
2(1) ACT Bank 0 Row 4F'h READA Bank 6 Col 1F'h
82 RNOP2 READ Bank 10 Col 1A'h
83 RNOP2
4 RNOP2
8 O READ Bank 9 Col 3Fh
85 RNOP2
RN
86 OP2 READ Bank 8 Col 33'h
87 RNOP2
22 ACT Bank 1 Row 4F'h READA Bank 7 Col 1F'h
RNOP2
%0 O READ Bank 11 Col 1A'h
91 RNOP2
92 RNOP2
READ Bank 10 Col 3F'h
93 RNOP2 ank 10 Col 3
94 RNOP2 READ Bank 9 Col 33'h
95 RNOP2
33 ACT Bank 2 Row 4F'h READA Bank 8 Col 1F'h
%8 RNOP2 READ Bank 12 Col 1A'h
99 RNOP2
100 RNOP2
READ Bank 11 Col 3F'h
101 RNOP2 ank 11 Col 3
102 RNOP2
READ Bank 10 Col 33'h
103 RNOP2 ank 10 Col 33
0 104 PRBS-14
105 ACT Bank 3 Row 4F'h READA Bank 9 Col 1Fh
106 RNOP2 READ Bank 13 Col 1A'h
107 RNOP2
108 RNOP2 READ Bank 12 Col 3F'h
109 RNOP2
110 RNOP2
READ Bank 11 Col 33'h
11 RNOP2 ank 11 Col 33
112
T ACT Bank 4 Row 4F'h READA Bank 10 Col 1F'h
14 RNOP2 READ Bank 14 Col 1A'h
115 RNOP2
116 RNOP2 READ Bank 13 Col 3F'h
117 RNOP2
118 RNOP2 READ Bank 12 Col 33'h
119 RNOP2
120
121 ACT Bank 5 Row 4F'h READA Bank 11 Col 1F'h
122 RNOP2 READ Bank 15 Col 1A'h
123 RNOP2 el o
124 RNOP2 READ Bank 14 Col 3F'h
125 RNOP2
126 RNOP2
o READ Bank 13 Col 33'h
127 RNOP2
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Table 149 — IDD7 Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
128
129 ACT Bank 6 Row 4F'h READA bank 12 Col 1F'h
1 RNOP2
30 o READ Bank 0 Col 1A'h
131 RNOP2
132 RNOP2
3 o READ Bank 15 Col 3F'h
133 RNOP2
134 RNOP2 READ Bank 14 Col 33'h
135 RNOP2
136
137 ACT Bank 7 Row 4F'h READA Bank 13 Col 1F'h
1 RNOP2
38 o READ Bank 1 Col 1A'h
139 RNOP2
140 RNOP2
READ Bank 13F'h
141 RNOP2 ank 0 Col 3
142 RNOP2
READ Bank 1 133'h
143 RNOP2 ank 15 Col 33
144
145 ACT Bank 8 Row 4F'h READA Bank 14 Col 1F'h
14 RNOP2
6 o READ Bank 2 Col 1A'h
147 RNOP2
148 RNOP2
READ Bank 1 Col 3F'h
149 RNOP2 ank 1 Col 3
5 RNOP: READ Bank 0 Col 33
0 152 PRBS-14
153 ACT Bank 9 Row 4F'h READA Bank 15 Col 1F'h
154 RNOP2
> NO READ Bank 3 Col 1A'h
155 RNOP2
156 RNOP2 READ Bank 2 Col 3F'h
157 RNOP2
158 RNOP2 READ Bank 1 Col 33'h
159 RNOP2
160
161 ACT Bank 10 Row 4F'h READA Bank 0 Col 1F'h
1
62 RNOP2 READ Bank 4 Col 1A'h
163 RNOP2
164 RNOP2 READ Bank 3 Col 3F'h
165 RNOP2
166 RNOP2 READ Bank 2 Col 33'h
167 RNOP2
168
169 ACT Bank 11 Row 4F'h READA Bank 1 Col 1F'h
1
0 RNOP2 READ Bank 5 Col 1A'h
171 RNOP2
172 RNOP2 READ Bank 4 Col 3F'h
173 RNOP2
174 RNOP2 READ Bank 3 Col 33'h
175 RNOP2
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Table 149 — IDD7 Measurement-Loop Pattern (cont’d)
Sub-Loop | CK4 Cycle Row Command Col Command Data
176
177 ACT Bank 12 Row 4F'h READA Bank 2 Col 1Fh
1 RNOP2
78 O READ Bank 6 Col 1A'h
179 RNOP2
180 RNOP2
READ Bank 13F'h
181 RNOP2 ank 5 Col 3
182 RNOP2
READ Bank 4 Col 33'h
183 RNOP2 ank 4 Col 33
184
185 ACT Bank 13 Row 4F'h READA Bank 3 Col 1Fh
1 RNOP2
86 O READ Bank 7 Col 1A'h
187 RNOP2
188 RNOP2
READ Bank 13F'h
189 RNOP2 ank 6 Col 3
190 RNOP2
READ Bank 133h
191 RNOP2 ank 5 Col 33
0 192 PRBS-14
193 ACT Bank 14 Row 4F'h READA Bank 4 Col 1F'h
194 RNOP2
) O READ Bank 8 Col 1A'h
195 RNOP2
196 RNOP2 READ Bank 7 Col 3F'h
197 RNOP2
198 RNOP2
READ Bank 133h
199 RNOP2 ank 6 Col 33
200
S0l ACT Bank 15 Row 4F'h READA Bank 5 Col 1Fh
202 RNOP2
READ Bank 11Ah
203 RNOP2 ank 9 Co
204 RNOP2
READ Bank 13F'h
205 RNOP2 ank § Col 3
206 RNOP2 READ Bank 7 Col 33'h
207 RNOP2 ankrto

NOTE 1 PRBS data patterns are defined based on the polynomial of X4 + X3 + X2+ X2 + 1,

NOTE 2 DRAM vendors can use a vendor specific pattern designed to generate IDD values as close as possible to a PRBS data pattern
described in NOTE 1 as a temporary alternative. Also, DRAM vendors can provide a conversion factor that allows the projection
of the equivalent IDD values compared to the PRBS pattern.

NOTE 3 Sub-loop 0 can be repeated indefinitely to extend the IDD7 measurement time.
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10 AC Timings

Table 150 — AC Timings

VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
WCK Timings
WCK clock cycle time tWCK 5 ns 87
WCK clock frequency fWCK 200 MHz 87
WCK clock High-level width (average) tWCKH(avg) tWCK(avg) 4
WCK clock Low-level width (average) tWCKL(avg) tWCK(avg) 4
WCK clock High-level width (absolute) tWCKH(abs) tWCK(avg) 5
WCK clock Low-level width (absolute) tWCKL(abs) tWCK(avg) 5
CK4 cycle time tCK4 4 x tWCK ns 6,87
WCK clock frequency in NRZ mode fWCKNRZ fWCK(min) 2000 MHz 7,87
WCK clock frequency with single-ended RCK fWCKSERCK fWCK(min) MHz 8, 87
WCK clock frequency with half swing RCK fWCKHRCK fWCK(min) MHz 9,87
WCK clock frequency for post package repair fWCKPGM fWCK(min) 2000 MHz 10, 87
Command / Address (CA) Interface Timings
WCK to CA input offset tWCK2CA ps 11
CA to CA skew tCA2CA ps 12
CA input pulse width tCAPW - ps 13
WCK to CA input offset voltage variation tWCK2CA_ VOLT - ps/mV 14
WCK to CA input offset temperature variation tWCK2CA_ TEMP - ps/°C 15
RU(tRFCab(min) /
DRFM off - tCK4) + nCK4
CA vari it f d RU(tRP(min) / tCK4)
p'arlty e.rr'or t(? exit from comman tCAPAR UNLOCK
blocking waiting time - .
RU(tDRFM(min) /
DRFM on - tCK4) + nCK4
RU(tRP(min) / tCK4)
Period prior to a CA parity error where commands except UNK
WR and WRA are not guaranteed to be executed (CAPAR_ NOWN ns
Period prior to a CA parity error where WR and WRA tCAPAR s
commands are not guaranteed to be executed UNKNOWN_WR
RCK Timings
RCK_t/RCK_c pseudo-differential output high level width
without DCC (average) tRCKHnD(avg) tWCK(avg) | 16,17
RCK_t/RCK_c pseudo-differential output low level width
without DCC (average) tRCKLnD(avg) tWCK(avg) 16,17
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Table 150 — AC Timings (cont’d)
VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
RCK Timings (continued)
RCK t/RCK c pseudo-differential output high level width
with DCC (average) tRCKH(avg) tWCK(avg) | 16,17
RCK t/RCK c pseudo-differential output low level width
with DCC (average) tRCKL(avg) tWCK(avg) | 16,17
RCK _t/RCK _c pseudo-differential output high level width {RCKH(abs) fWCK (ave) 16
(absolute)
RCK _t/RCK _c pseudo-differential output low level width {RCKL (abs) {WCK (ave) 16
(absolute)
WCK to RCK offset tWCK2RCK ps 18
WCK to RCK offset voltage variation tWCK2RCK_ VOLT - ps/mV 19
WCK to RCK offset temperature variation tWCK2RCK_ TEMP - ps/°C 20
. . CAPARBLK disabled - ns
?CK High-Z to static preamble (RCK2LZ 21
fme CAPARBLK enabled - ns
RCK static postamble to High-Z time tRCK2HZ - ns 22
RCK static preamble tRCK_ST 4 - nCK4 23
RCK high-speed preamble tRCK_HS - nCK4 24
RCK postamble tRCKPST 2 - nCK4
RCKEN +RCK_LS +
RCKSTRT to RCKSTOP command delay tRCKST2SP {RCK_HS(min) - nCK4 25
RL + DQERL + BL/8
R?};mRnl?iAd’ | RDTR, IRD, RDWTEC to RCKSTOP tRD2RCKSTOP + tRCKPST(min) - - nCK4 26
command detay RCKSTOP_LAT
RCKSTRT to RD, RDA, RDTR, IRD, RDWTEC {RCKSTRT2RD 2 _ nCK4 27
command delay
RCKSTOP to RCKSTRT or RD, RDA, RDTR, IRD,
RDWTEC command delay {RCKSP2ST B ns 28
RCKSTOP_LAT x
RCKSTOP to MR9 or MR12 MRS programming delay tRCKSTOP2MRY 12 | tCK4 +4 x tCK4 + - ns 29
tRCK2HZ(max)
+
RCKSTOP to Power Down Entry command delay tRCKSTOP2PDE RCKSTO;*LAT - nCK4
RCKEN +
RCKSTRT to Power Down Entry command delay tRCKSTRT2PDE RCK LS +2 - nCK4
DQ/DQE Input Timings
WCK to DQ/DQE offset for Write tWCK2DQI ps 30
DQ/DQE input skew tDQ2DQI ps 31
WCK to DQ/DQE offset voltage variation for Write tWCK2DQI_ VOLT - ps/mV 32
WCK to DQ/DQE offset temperature variation for Write tWCK2DQI_ TEMP - ps/°C 33
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Table 150 — AC Timings (cont’d)

VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
DQ/DQE Output Timings
WCK to DQ/DQE offset for Read tWCK2DQO ps 34
DQ/DQE output skew tDQ2DQO ps 35
WCK to DQ/DQE offset voltage variation for Read tWCK2DQO_ VOLT - ps/mV 36
WCK to DQ/DQE offset temperature variation for Read tWCK2DQO_ TEMP - ps/°C 37
ERR Signal Timings
Read command to severity output delay tSEV2ERR nCK4 38
Internal ERR output delay with variable CAPARERR tWCK2ERRINT s 39
latency
WCK to ERR output delay tWCK2ERRO ns 40
WCK to ERR output delay voltage variation tWCK2ERRO VOLT - ps/mV 41
WCK to ERR output delay temperature variation tWCK2ERRO TEMP - ps/°C 42
Interface Training Timings
CA training entry to first valid sample delay tCATE - ns
tCATE(max) +
CA training entry to RCK on delay tCATE2RCK - tADR(max) ns
- tCK4
CA sampling from CK4 0 (int) to data out delay tADR ns
CATX to CSP command delay tCATX MAX(10, 10 x tCK4) - ns
CA[4:0] valid following DQE transition tDQE_POST MAX(10, 10 x tCK4) - ns
RCK rising to DQ valid window start delay tCAT RCK2DQ ps
DQ to DQ output skew in CA training tCAT_DQ2DQ ps 43
After CATX, RCK asynchronous restart when in RCK (RCK AON CATX B s 82
always on mode - -
Waiting time from CATX, Sleep exit with SLX2CAT = 1
or Self Refresh Sleep exit when SRSLX2CAT = 1 to tCSP_ACK_PRE - ns
ERR output = 0 level
Waltmg_ time from successful CSP command to ERR {CSP ACK POST B ns
output = +1 level = -
Waiting time from last CA bus stress pattern until CSP (PRECSP NOP2 B nCK4
command -
Waiting time from a CA parity error to a CSP command
that the DRAM requires to guarantee the recognition of tCAPAR2CSP CAPAR2ERR +2 - nCK4 44
the command
. CAPARBLK disabled - ns

gSlP command to valid command {CSP_POST 45

clay CAPARBLK enabled - ns
Duty cycle corrector (DCC) start to hold MRS command (DCC B nCK4 or ns 46

delay
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Table 150 — AC Timings (cont’d)
VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Interface Training Timings (continued)
Stop CAOSC Interval Oscillator MRS to
CAOSC_COUT VALUE Info Read command delay CAGSCO MAX(40, 8 x tCK4) - ns
Stop CAOSC MRS to Start CAOSC MRS command delay tCAOSCINT MAX(40, 8 x tCK4) - ns
Info Mode Timings
Inf(_) Read to Info Read command delay different info (IRD2IRD B nCKA
register address
Info Read to Info Read command delay same info register (IRD2IRDSA BL/3 B nCK4 47,48
address
Row Access Timings
Activate to Activate or Refresh command period tRC tRAS(ml_n) * - ns 49
tRP(min)
Activate to Precharge command period tRAS 9 x tREFI(max) ns 50
Activate to Read command delay tRCDRD - ns
Activate to Write command delay tRCDWR - ns
Activate to LDFF command delay tRCDLTR - ns 51
Activate to RDTR command delay tRCDRTR - ns 51
Activate to WRTR command delay tRCDWTR - ns 51
Activate bank A to Activate bank B command delay tRRD - ns
Per-Bank Refresh to Activate, Per-Bank Refresh or LDFF (RREFD 3 ns
command delay
LDFF to Activate, PREab, PREpb, REFab (TR= H), . B
REFpb command delay tLTRR tRREFD(min) ns
LDFF to LDFF command delay tLTLTR 4 - nCK4
LDFF31 to RDTR command delay tLTRTR - nCK4 55
PREpb to Activate (different bank), REFpb (different _
bank) or Mode Register Set command delay (RPD tPPD ns
Read to Precharge same bank command delay tRTPSB - ns
Precharge to Precharge command delay tPPD 2 - nCK4
Row precharge time tRP - ns
Write recovery time tWR - ns
Column Access Timings
Read to Read or Write to Write different bank command {CCD BL/3 B nCK4 47,52, 53
delay
(l?;z;(}i’ to Read or Write to Write same bank command (CCDSB 4 B nCK4 54
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Table 150 — AC Timings (cont’d)

VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Column Access Timings (continued)

Read to LDFF command delay {RDTLT RL+ DQE%L *BL - nCK4 47,53
RDTR or Info Read to LDFF command delay tRTRTLT RL+BL/8+2 - nCK4 47

. WL + BL/8 + RU(
Write to LDFF command delay tWRTLT {WTR(min) / tCK4) - nCK4 47,53
Read to RDTR, RDWTEC or Info Read command delay tRDRTR RL A+ DQEIZ{L +BL/8 - nCK4 47,53, 56
RDTR, RDWTEC or Info Read to Read command delay tRTRRD RL+BL/8 +2 - nCK4 47,53, 56
RDTR to RDWTEC or Info Read, or RDWTEC to RDTR
or Info Read, or Info Read to RDTR or RDWTEC tRTRRTR RL+BL/8 +2 - nCK4 47, 56
command delay
(\;\;&;{R to RDTR, RDWTEC, Info Read or Read command (WTRTR WL +BL/S + 2 B nCKA 47,5356
Write to WRTR command delay tWRWTR WL +BL/8 +2 - nCK4 47,53

. WL + BL/8 + RU( 47,53, 56,
Write to RDTR, RDWTEC or Info Read command delay tWRRTR (WTR(min) / tCK4) - nCK4 57
WRTR to Write command delay tWTRWR WL +BL/8 +2 - nCK4 47,53, 58
Internal Write to Read different bank command delay tWTR - ns 59
Internal Write to Read same bank command delay tWTRSB - ns 60

RL + DQERL + BL/8
Read to Write or WRTR command delay tRTW +3-WL+ - nCK4 47,53, 61
RU(tBTT / tCK4)
RDTR, RDWTEC or Info Read to Write or WRTR RL+BL/8+3-WL
command delay IRTRWR + RU(tBTT / tCK4) B nCK4 47,53, 61
Bus turnaround time tBTT tWCK2DQO(max) - tWCK2DQI(min) ns 61
Read, RDTR, RDWTEC or Info Read to REFab command (RDREFab RL + DQERL + BL/8 B nCK4 47, 53, 56,
delay +2 62
Refresh and Refresh Management Timings

Average periodic refresh interval with REFab command tREFI - 1.9 us
Average periodic refresh interval with REFpb command tREFIPB - tREFI(max) / 16 us
REFab command period tRFCab - ns 63
REFpb command period tRFCpb - ns
RFMab command period tRFMab - ns 64
RFMpb command period tRFMpb - ns 64
DRFM command cycle time per row tRRF 60 - ns
DRFM command duration tDRFM 2 x BRC x tRRF(min) - ns 65
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Table 150 — AC Timings (cont’d)
VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Refresh and Refresh Management Timings (continued)
Minimum time in Sleep Mode for per-bank RAA count to (RAASRF B s
be reset to 0
Mlmmu'm rate of REFab commands for impedance {ABREF 1 B s 66
calibration updates
REFab (TR=H) to Mode Register Set command delay tREFMRS MAX (tKO, tMRD - ns
REFab (TR=H) to LDFF command delay tREFLDFF MAX (tKO, tRREFD) — ns
REFab to next valid command delay tKO - ns 67, 84
Power-Down Timings
Power-Down entry to exit time tPD 9 x tREFI(max) ns
Power-Down exit time tXP - nCK4
Activate to Power-Down Entry command delay tACTPDE 2 - nCK4
Precharge to Power-Down Entry command delay tPREPDE 2 - nCK4
REFpb, RFMab or RFMpb to Power-Down Entry (REFPDE 5 B nCKA
command delay
REFab with TR = L to Power-Down Entry command
tREF_ECS_PDE - CK4
delay and Auto ECS enabled (MR22 OP11 = 1) - "
DRFM to Power-Down Entry command delay tDRFMPDE tDRFM(min) - ns 65
MRS to Power-Down Entry command delay tMRSPDE tMOD(min) - nCK4
Read to Power-Down Entry command delay tRDPDE RL+ DQ_I:‘[;L *BL/8 - nCK4 47
RDTR, RDWTEC or Info Read to Power-Down Entry (RTRPDE RL + BL/8 +2 nCK4 47
command delay
. WL +BL/8+2+
Write or WRTR to Power-Down Entry command delay tWRPDE WRCRC2ERR - nCK4 47
Self Refresh and Sleep Mode Timings
CAPAR off or CAPAR on MAX (10, B nCK4
with CAPAR2ERR = 1-15 CAPAR2ERR +2)
RNOP2/CNOP2  commands
required upon self refresh or ) tCPDED MAX (10. RU 68
sleep mode entry CAPAR on with tWCKZEIiRIi\JT(rElax) - nCK4
CAPAR2ERR =0 / tCK4) +2)
Self Refresh entry to exit time tSR - ns
Self Refresh exit to valid command delay tXS tRFCab(min) - ns
Self Refresh entry to LDFF command delay tSRE2LDFF - ns
Self Refresh entry to RDTR command delay tSRE2RDTR - ns
Self Refresh entry to WRTR command delay tSRE2WRTR - ns
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Table 150 — AC Timings (cont’d)

VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Self Refresh and Sleep Mode Timings (continued)
Sleep mode entry to exit time tSLEEP 9 x tREFI(max) ns
Hibernate Self Refresh sleep mode entry to exit time tHSLEEP - us
Self Refresh sleep mode entry to exit time tSRFSLP - ns
CAO Low pulse width to exit from sleep mode tSLX - ns
Additional pause upon sleep mode exit after a WCK (SLXEC B ns 69,70
frequency change
Self Refresh Sleep exit or CATX to CSP command delay
when ECS operation is enabled (MR22 OP11 =13) (SLX_ECS a ns
Sleep mode exit when SLX2CAT = 1 or Self Refresh
Sleep mode exit when SRSLX2CAT = 15 to CA training tSLX CAT See TABLE 154 Ns 70,71
entry delay
Sleep mode exit when SLX2CAT = 1 or Self Refresh tSLX_ CAT(max)
Sleep mode exit when SRSLX2CAT = 15 to RCK on tSLXCAT2RCK - + tADR(max) ns
delay - tCK4
Sleep mode exit to CSP command delay tCSP_PRE See TABLE 154 ns 70,71
After SLX, RCK asynchronous |No frequency change - ns
restart when in RCK always on tRCK_AON_SLX 83
mode Frequency change - ns
Precharge to Sleep Mode Entry command delay tPRESLE RU(tRP(IF; )/ 1CK4) - nCK4
Sleep during Refresh RU(tRFCab(min) /
not supported tCK4) +2
REFab © Sdlelep Mode Entry {REFabSLE - nCK4 88
command delay Sleep during Refresh
tKO
supported
Sleep during Refresh RU(tRFCpb(min) /
not supported tCK4) +2
REFpb © il"iep Mode Entry {REFpbSLE - nCK4 88
command delay Sleep during Refresh
supported
MRS to Sleep Mode Entry command delay tMRSSLE tMOD(min) - nCK4
RDTR, RDWTEC or Info Read to Sleep Mode Entry (RTRSLE RL + BL/8 + 2 nCK4 47
command delay
. MAX(RL + DQERL
dR;a;d with Auto Precharge to Sleep Mode Entry command (RDASLE +BL/S + 4, RTPSB + B nCK4 47
Y RU (tRP(min)/tCK4))
WL +BL/8+2+
Write with Auto Precharge to Sleep Mode Entry command MAX(
delay {WRASLE WRCRC2ERR, WR + - nCK4 47
RU(tRP(min)/tCK4))
. B MAX(RL + DQERL
Readread il A rors 0 TGS ML) passs | opiaedrisns) | ek |4
P y RU (tRP(min)tCK4))
WL +BL/8+2+
Write or Write with Auto Precharge to Self Refresh (WRASRSE MAX( B nCK4 47

(TR=L) or Self Refresh Sleep Mode Entry Command

WRCRC2ERR, WR +

RU(tRP(min)/tCK4))




JEDEC Standard No. 239D

Page 301
Table 150 — AC Timings (cont’d)
VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Self Refresh and Sleep Mode Timings (continued)
WL +BL/8+2 +
WRTR to Sleep Mode Entry command delay tWTRSLE WRCRC2ERR - nCK4 47
CAO Low pulse width to exit from Hibernate Self Refresh XHP 10 B s
Sleep mode
Exit Hlbernate.Self Refresh Sleep mode to Self Refresh XSH 500 B s
Sleep mode exit delay
Mode Register Set Timings
Mode Register Set command period tMRD - nCK4
Mode Register Set command update delay tMOD - nCK4 72
Mode Register 15 Set command update delay tMOD15 2 x tMOD(min) - nCK4 73
Mode Register Set command update delay for RCK tMODRCK - nCK4 74
Read to Mode Register Set command delay tRDMRS RL+ DQ_]EIZ{L *BL - nCK4 47
RDTR, RDWTEC or Info Read to Mode Register Set (RTRMRS RL + BL/8 + 2 B nCKA 47
command delay
. . WL +BL/8 +
Write or WRTR to Mode Register Set command delay tWRMRS WRCRC2ERR -+ 2 - nCK4 47
WL +BL/8 +
Write with AutoPrecharge to Mode Register Set command WRCRC2ERR +2 +
delay tWRAMRS RU { [tWR + - nCK4 47
tRP(min)] / tCK4 }

dAecl;l;/ate, REFpb or LDFF to Mode Register Set command (ACTMRS {MRD(min) B nCK4 75
RCKSTRT to Mode Register Set command delay tRCKSTRT2MRS RCKEN +2 - nCK4 85
RCKSTOP to Mode Register Set command delay (except (RCKSTOP2MRS RCKSTOP LAT +2 B nCK4 36
MR9 and 12) -
VREF CA reference voltage change (MR14 OP[6:0]) (VREFCA B s 76
settling time
VREFCA reference voltage change settling time when B
change Half VREFCA MR setting (MR 14 OP11) VREFCA2 ns 76
VREFD reference voltage change MR16 OP[6:0]) settling B
time in PAM3 mode (MRO OP8 = 1) tVREFD ns 7
VREFD reference voltage change (MR16 OP[6:0]) _
settling time in NRZ mode (MRO OPS = 0p) tVREFD2 ns m
VREFD reference voltage change settling time when
switching between PAM3 and NRZ modes (MRO OP8) {VREFD_mode B ns m
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Table 150 — AC Timings (cont’d)

VALUES
PARAMETER %3 SYMBOL UNIT NOTES
MIN MAX
Error Check and Scrub (ECS) Timings
4Gb/channel 5.15 ms
6Gb/channel 3.43 ms
8Gb/channel 2.57 ms
Average periodic interval of ECS events |12Gb/channel tECSint 1.72 ms 78
16Gb/channel 1.29 ms
24Gb/channel 0.86 ms
32Gb/channel 0.64 ms
Time to complete one ECS operation tECSC tRFCab(min) - ns
CSP command following the Self Refresh intermediate
state to IRD command delay for IRA[24:18] when ECS tCSP2IRD_ECS - ns
operation is enabled (MR22 OP11=1B)
Post Package Repair Timings
Post package repair (hPPR) programming time tPGM 2 - s
Post package repair (hPPR) exit time tPGM_EXIT tRP(min) - ns
Post package repair (hPPR) address settling time tPGMPST 500 - us
Miscellaneous Timings
DVS voltage stabilization time tVS - us 79
DQ map mode on to stable output delay tDQMAPON ns 80
DQ map mode off delay tDQMAPOFF - ns 80
ODT disable time before the start of the Read, RDTR, Info {ODT off ns
Read and RDWTEC DQ and DQE burst -
ODT enable time after the end of the Read, RDTR, Info {ODT on s

Read and RDWTEC DQ and DQE burst




JEDEC Standard No. 239D
Page 303

NOTES for Table 150 - AC Timings

10.
11.

13.
14.

15.

17.
18.

20.
21.
22.
23.
24.

25.
26.

217.

28.

29.

30.

31.

32.

All parameters assume proper device initialization.

Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device operation are guaranteed for the
full voltage and temperature range specified.

Values in fields that are left blank are vendor specific. The vendor datasheet shall be consulted for actual values.

The average WCK clock high and low width are averaged over 500 WCK cycles.

N
tWCK (avg) = Z tWCKj | /N
j=1
where N = 500

The absolute WCK clock high and low width applies to each individual WCK clock cycle.

CK4 is a DRAM internal clock that operates at a divided-by-4 WCK frequency. All latencies and other timings are referenced to CK4. As CK4 is
an internal clock, there is no definition for CK4 timings. However, the accumulated jitter over 4-contiguous WCK cycles is the significant
contributor to CK4 timing uncertainty. Consult the vendor for more details on the internal CK4.

Parameter fWCKNRZ applies when NRZ mode is selected in MRO OPS.

Parameter fWCKSERCK applies when the RCK type is set to single-ended in MR9 OP2. The maximum value is vendor specific and may be less
than fWCK(max).

Parameter fWCKHRCK applies when the RCK level is set to half swing in MR9 OP3. The maximum value is vendor specific and may be less than
fWCK(max).

Parameter fWCKPGM applies when post package repair is enabled in MR31 OP11.

Parameter tWCK2CA defines the WCK-to-CA offset range for CA inputs. The minimum and maximum values are positive numbers and cover all
delay variation over PVT. Command/address (CA) bus training is required to determine the actual tWCK2CA offset for reliable device operation.
Parameter tCA2CA defines the maximum skew among the CA[4:0] inputs under worst case conditions. Parameter tWCK2CA defines the mean
value of the earliest and latest CA input, tCA2CA(min) the negative offset to tWCK2CA for the earliest CA input and tCA2CA(max) the positive
offset to tWCK2CA for the latest CA input.

The CA input pulse width is a design target. The value will be characterized but not tested on each device.

Parameter tWCK2CA_VOLT defines the variation of tWCK2CA from changes of the VDDQ supply voltage. The parameter is determined for the
worst-case process corner and maximum operating temperature; the value will be characterized but not tested on each device.

Parameter tWCK2CA_TEMP defines the variation of tWCK2CA from changes of the operating temperature. The parameter is determined for the
worst-case process corner and nominal VDDQ supply voltage; the value will be characterized but not tested on each device.

RCK_tand RCK_c are both single-ended output drivers. If enabled, they can be configured to drive a differential clock pattern on both outputs, or
a single-ended clock pattern on RCK t only.

The support of the DCC is optional.

Parameter tWCK2RCK defines the WCK-to-RCK t/ ¢ offset range. The minimum and maximum values are positive numbers and cover all delay
variation over PVT. RCK must be enabled to determine the actual tWCK2RCK offset for reliable device operation.

Parameter tWCK2RCK_VOLT defines the variation of tWCK2RCK from changes of the VDDQ supply voltage. The parameter is determined for
the worst-case process corner and maximum operating temperature; the value will be characterized but not tested on each device.

Parameter tWCK2RCK_TEMP defines the variation of tWCK2RCK from changes of the operating temperature. The parameter is determined for
the worst-case process corner and nominal VDDQ supply voltage; the value will be characterized but not tested on each device.

Parameter tRCK2LZ defines the time period for RCK to transition from High-Z to driving static H/L levels.

Parameter tRCK2HZ defines the time period for RCK to transition from driving static H/L levels to High-Z.

The RCKEN latency must be set to a value large enough to satisfy the tRCK_ST timing.

Parameter tRCK_HS equals RL - RCKEN - RCK_LS when RCKMODE is set to Start with Read commands (MR9 OP[1:0]=01g); the parameter
equals RL + tRCKSTRT2RD - RCKEN - RCK_LS when RCKMODE is set to Start with RCKSTRT command (MR9 OP[1:0]=10g).

Parameter tRCKST2SP applies when RCKMODE is set to Start with RCKSTRT command (MR9 OP[1:0]=10g).

Parameter tRD2RCKSTOP applies when RCKMODE is set to Start with Read command (MR9 OP[1:0]=015). Read commands in this context
comprise RD, RDA, IRD, RDTR and RDWTEC commands.

Parameter tRCKSTRT2RD applies when RCKMODE is set to Start with RCKSTRT command (MR9 OP[1:0]=10g). Read commands in this
context comprise RD, RDA, IRD, RDTR and RDWTEC commands.

Parameter tRCKSP2ST applies when RCKMODE is set to Start with Read command (MR9 OP[1:0]=013) or Start with RCKSTRT command
(MR9 OP[1:0]=10g). Read commands in this context comprise RD, RDA, IRD, RDTR and RDWTEC commands.

Parameter tRCKSTOP2MRY 12 must be observed when the RCK mode in MR9 OP[1:0] is set to either Start with Read command or Start with
RCKSTRT command and RCK is running. In both cases RCK must be stopped via the RCKSTOP command before changing RCK related settings
in MR9 or MR12.

Parameter tWCK2DQI defines the WCK-to-DQ/DQE offset range for write data. The minimum and maximum values are positive numbers and
cover all delay variation over PVT. Write data training is required to determine the actual tWCK2DQI offset for reliable device operation.
Parameter tDQ2DQI defines the maximum skew among all DQ/DQE inputs under worst case conditions. Parameter tWCK2DQI defines the mean
value of the earliest and latest DQ/DQE input, tDQ2DQI(min) the negative offset to tWCK2DQI for the earliest DQ/DQE input and
tDQ2DQI(max) the positive offset to tWCK2DQI for the latest DQ/DQE input.

Parameter tWCK2DQI_VOLT defines the variation of tWCK2DQI from changes of the VDDQ supply voltage. The parameter is determined for
the worst-case process corner and maximum operating temperature; the value will be characterized but not tested on each device.
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33. Parameter tWCK2DQI_TEMP defines the variation of tWCK2DQI from changes of the operating temperature. The parameter is determined for
the worst-case process corner and nominal VDDQ supply voltage; the value will be characterized but not tested on each device.

34. Parameter tWCK2DQO defines the WCK-to-DQ/DQE offset range for read data. The minimum and maximum values are positive numbers and
cover all delay variation over PVT. Read data training is required to determine the actual tWCK2DQO offset for reliable device operation.

35. Parameter tDQ2DQO defines the maximum skew among all DQ/DQE outputs under worst case conditions. Parameter tWCK2DQO defines the
mean value of the earliest and latest DQ/DQE output, tDQ2DQO(min) the negative offset to tWCK2DQO for the earliest DQ/DQE output and
tDQ2DQO(max) the positive offset to tWCK2DQO for the latest DQ/DQE output.

36. Parameter tWCK2DQO_VOLT defines the variation of tWCK2DQO from changes of the VDDQ supply voltage. The parameter is determined for
the worst-case process corner and maximum operating temperature; the value will be characterized but not tested on each device.

37. Parameter tWCK2DQO_TEMP defines the variation of tWCK2DQO from changes of the operating temperature. The parameter is determined for
the worst-case process corner and nominal VDDQ supply voltage; the value will be characterized but not tested on each device.

38. Parameter tSEV2ERR defines the internal latency from a Read command for reporting severity errors on the ERR signal when SEV2ERR is
enabled in MR5 OP9.

39. Parameter tWCK2ERRINT defines the internal WCK-to-CA parity error delay range with variable CAPARERR latency. The support of the
variable latency is vendor specific.

40. Parameter tWCK2ERRO defines the WCK-to-ERR offset range. The minimum and maximum values are positive numbers and cover all delay
variation over PVT. ERR pin training is required to determine the actual tWCK2ERRO offset for reliable device operation.

41. Parameter tWCK2ERRO VOLT defines the variation of tWCK2ERRO from changes of the VDDQ supply voltage. The parameter is determined
for the worst-case process corner and maximum operating temperature; the value will be characterized but not tested on each device.

42. Parameter tWCK2ERRO_ TEMP defines the variation of tWCK2ERRO from changes of the operating temperature. The parameter is determined
for the worst-case process corner and nominal VDDQ supply voltage; the value will be characterized but not tested on each device.

43. Parameter tCAT _DQ2DQO defines the maximum skew among all DQ outputs under worst case conditions in CA training mode. Parameter tADR
defines the mean value of the earliest and latest DQ output, tCAT DQ2DQO(min) the negative offset to tADR for the earliest DQ output and
tCAT_DQ2DQO(max) the positive offset to tADR for the latest DQ output.

44. The DRAM may not recognize a CSP command for tCAPAR2CSP time after a CA parity error is found.

45. RNOP2 and CNOP2 commands must be issued during the tCSP_POST period.

46. Parameter tDCC defines the minimum number of CK4 clock cycles required between the MRS command that starts the DCC and a subsequent
MRS command that sets the DCC to hold state.

47. BLis 16 in PAM3 mode and 32 in NRZ mode.

48. The tIRD2IRDSA delay for back-to-back IRD commands to the same Info Register Address (IRA) permits a steady data output for longer than a
single burst. Back-to-back IRD commands to the same Info Register Address (IRA) are supported for IRAs 0 to 7, 32 to 39 and 43.

49. The number of CK4 cycles required to meet tRC is the number of CK4 cycles required for tRAS and the number of CK4 cycles required for tRP.

50. For Reads and Write with Auto Precharge enabled the internal precharge will be hold off until tRAS(min) has been satisfied. The number of CK4
clock cycles to meet tRAS(min) is programmed in MR3 OP[6:0].

51. Parameters tRCDLTR, tRCDRTR, and tRCDWTR apply for a first ACT command issued in bank idle state; the parameters shall be ignored for
subsequent ACT commands issued in bank active state.

52.  Parameter tCCD applies when consecutive Read or Write commands access different banks. The parameter also applies to gapless consecutive
RDTR or WRTR commands.

53. Read commands comprise RD and RDA commands. Write commands comprise WR and WRA commands.

54. Parameter tCCDSB applies when consecutive Read or Write commands access the same bank.

55. Parameter tLTRTR applies when data training is set to FIFO mode in MR23 OPO.

56. The RDWTEC command is used in Write training to read out write training burst error counter values. The command is only valid when LFSR
data training is enabled in MR23 OPO.

57. Parameter tWRRTR applies when data training is set to LFSR mode in MR23 OPO. In FIFO training mode it is required to load the FIFO via
LDFF or WRTR commands before issuing RDTR commands.

58. Parameter tWTRWR applies when data training is set to LFSR mode in MR23 OPO. In FIFO training mode a WRTR command must be followed
by an RDTR command.

59. Parameter tWTR applies when consecutive commands access different banks.

60. Parameter tWTRSB applies when consecutive commands access the same bank. The parameters also applies when ECC engine test mode is
enabled.

61. The difference between the tWCK2DQO and tWCK2DQI timings must be considered when calculating the minimum system bus turnaround time
tBTT. Any signal flight time between host and DRAM is not included in the formula.

62. RCK and data output timings may not be guaranteed during tKO after a REFab command which can impact the last read transaction. In that case, a
REFab command shall only be issued when all previous read operations have completed which is when the last data element including CRC has
been transmitted on the data outputs.

63. A maximum of 8 consecutive REFab commands can be posted to a channel, meaning that the maximum absolute interval between any REFab
command and the next REFab command is 9 x tREFL

64. Parameters tRFMab and tRFMpb apply only to devices that require the use of Refresh Management (RFM), or when Adaptive Refresh
Management (ARFM) is enabled in MR8 OP[1:0].

65. Refer to the DIRECTED REFRESH MANAGEMENT (DRFM) section for details.

66. Parameter tABREF is relevant only when array refresh is normally performed using the REFpb command. REFab commands must be issued at a
minimum rate of tABREF to allow impedance updates from the auto-calibration engine to occur.

67. Parameter tKO must be observed regardless whether auto-calibration is enabled or disabled in MRS OP11.
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68.

69.

70.
71.

72.
73.

74.
75.
76.

71.

78.

79.
80.
81.

82.
83.

84.
85.
86.
87.

88.

CAPARERR is programmed in MR15 OP[11:8]. With CAPAR disabled, CAPAR2ERR is assumed to be 0 nCK4 in the equation, resulting in 10
nCK4.

Parameter tSLXFC must be observed following tSLX if the WCK frequency in MR12 OP[8:4] has changed. The value is vendor specific, and
tSLXFC can be ignored in case a value of Ons is specified.

RNOP2 and CNOP2 commands must be issued during tSLXFC, tSLX CAT and tCSP_PRE periods.

Values for parameters tSLX CAT and/or tCSP_PRE may depend on the WCK frequency as set in MR12 OP[8:4]. Refer to the vendor datasheet
for details.

Parameter tMOD applies to MR10 to MR 14 only when the FD_FLAG bit in MRO OP11 is set to 15.

Parameter tMODV15 applies instead of tMOD only when the FD_FLAG bit in MRO OP11 is set to 15. RNOP2 and CNOP2 are required during the
tMODI1S5 period.

Parameter tMODRCK applies to RCK t and RCK ¢ outputs instead of tMOD when RCKMODE in MR9 OP[1:0] is either changed from 005
(disable) to 115 (always on) or back to 00 (disable).

Refer to the MODE REGISTERS section for mode registers that are allowed to be modified in the bank active state.

Parameter tVREFCA applies when the VREFCA level has been changed in MR14 OP[6:0] irrespective of the Half VREFCA (MR14 OP11)
programmed value. tVREFCA is a constant value for the device and is referenced from the MRS command to when the 90% level of the delta
between old and new VREFC voltage has been reached. When the Half VREFCA bit (MR14 OP11) is changed, tVREFCA2 is required.
Parameter tVREFD applies when the VREFDL and VREFDH levels have been changed in MR16 OP[6:0] and MR 17 OP[6:0] in PAM3 mode,
respectively, whether the changes is from updates to levels or offsets. tVREFD is a constant value for the device and is referenced from the MRS
command to when the 90% level of the delta between old and new VREFD voltage has been reached. In NRZ mode, tVREFD?2 timing applies and
when switching between modes (MRO OPS), tVREFD_mode timing applies.

Providing ECS events at tECSint rate ensure that the error check and scrub of the whole memory array is completed with 24 hours. Note that
tECSint is density dependent and that for a given device the density per channel is different for 4-channel and 2-channel modes.

Parameter tVS must be observed when either the VDD or VDDQ supply voltage or both supply voltages have changed.

Parameter tDQMAPON defines the delay between the MRS command that enables DQ map mode and a valid read-out on the DQ signals.
Parameter tDQMAPOFF defines the delay between the MRS command that disables DQ map mode and when the DQ signals have returned to
their default state.

tRCK_AON_CATX is a vendor specific max but must not be greater than tCATX + tCSP_POST.

tRCK_AON_SLX is a vendor specific max but must not be greater than tSLX + tCSP_PRE + tCSP_POST when exiting Sleep or exiting Self
Refresh Sleep with no frequency change, and tSLX + tSLXFC + tCSP_PRE + tCSP_POST when exiting Self Refresh Sleep with a frequency
change.

The timing for REFab (TR=H) to Mode Register Set command delay is tREFMRS and REFab (TR=H) to LDFF command delay is tREFLDFF.
RCKSTRT to MR9 or MR12 is illegal. Before issue MRS to MR9 or MR12 command, RCK must be properly stopped.

RCKSTOP to MR9 or MR 12 programming delay is tRCKSTOP2MR9 12.

The Min and Max values of the tWCK parameter are average values that define the operating frequency range of the device. For the Min/Max
range of the tWCK absolute values please follow the indications in the AC OPERATING CONDITIONS section.

Vendor ID 5 (IRA 43) bit DQ1 identifies whether the Sleep during Refresh is supported or not. Please refer to the vendor’s data sheet for details.
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Table 151 — Latency Timings (Part 1) for GDDR7 DRAMs Supporting Implicit CAPARBLK LAT
RL WL RCKEN RCKSTOP_LAT
Data fWCK MR1 OP[5:0] MR2 OP[3:0] MRY OP[9:5] MR9 OP[11:10]
Rate MRIZIOE[S:4] CAPARBLK disabled | CAPARBLK enabled | CAPARBLK disabled | CAPARBLK enabled | CAPARBLK disabled | CAPARBLK enabled | CAPARBLK disabled | CAPARBLK enabled
MR15 OP1 = 03 MR15 OP1 =13 MR15 OP1 = 03 MR15 OP1 =13 MR15 OP1 = 03 MR15 OP1 =13 MR15 OP1 = 03 MR15 OP1 =13
[Gbps] [GHz] Code Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
NRZ 00000
2 0.5 00001
4 1.0 00010
6 1.5 00011
8 2.0 00100
10 2.5 00101
12 3.0 00110
14 3.5 00111
16 4.0 01000
18 45 01001
20 5.0 01010
22 5.5 01011
24 6.0 01100
26 6.5 01101
28 7.0 01110
30 7.5 01111
32 8.0 10000
34 8.5 10001
36 9.0 10010
38 9.5 10011
40 10.0 10100
42 10.5 10101
44 11.0 10110
46 11.5 10111
48 12.0 11000
NOTE 1 Refer to the MODE REGISTERS section for the definition and use of the related register fields.
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Table 152 — Latency Timings (Part 1) for GDDR7 DRAMs Supporting Explicit CAPARBLK LAT
fWCK CAPARBLK_LAT Read Latency Write Latency RCK Enable Latency RCK Stop Latency
Data MRI12 OP[8:4] MRI15 OP[5:3] MRI1 OP[5:0] + MR15 OP[5:3] MR2 OP[3:0] + MR15 OP[5:3] MR9 OP[9:5] + MR15 OP[5:3] MR9 OP[11:10] + MR15 OP[5:3]
Rate CAPAR | CAPAR |CAPARBLK disabled | CAPARBLK enabled | CAPARBLK disabled| CAPARBLK enabled | CAPARBLK disabled | CAPARBLK enabled | CAPARBLK disabled | CAPARBLK enabled
BLK Off | BLK ON MR15 OP1 =08 MR15 OP1 =13 MR15 OP1 =08 MR15 OP1 =13 MR15 OP1 =08 MR15 OP1 =13 MR15 OP1 =08 MR15 OP1 =13
[Gbps] |GHz] Code Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max

NRZ 00000 0
2 0.5 00001 0
4 1.0 00010 0
6 1.5 00011 0
8 2.0 00100 0
10 2.5 00101 0
12 3.0 00110 0
14 35 00111 0
16 4.0 01000 0
18 45 01001 0
20 5.0 01010 0
22 5.5 01011 0
24 6.0 01100 0
26 6.5 01101 0
28 7.0 01110 0
30 7.5 01111 0
32 8.0 10000 0
34 8.5 10001 0
36 9.0 10010 0
38 9.5 10011 0
40 10.0 10100 0
42 10.5 10101 0
44 11.0 10110 0
46 11.5 10111 0
48 12.0 11000 0

NOTE 1 Refer to the MODE REGISTERS section for the definition and use of the related register fields.
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Table 153 — Latency Timings (Part 2)

Data Rate fWCK DQERL WRCRC2ERR RAS WR RTPSB CAPAR2ERR CAPAR2ERR
MR12 OP[8:4] MR1 OP[11:8] MR2 OP[11:7] MR3 OP[6:0] MR4 OP[6:0] MR4 OP[11:8] MR15 OP[11:8] MR15 OP[11:8] =0
[Gbps] [GHz] Code Min Max Min Max Min Max Min Max Min Max Min Max Min Max
NRZ 00000
2 0.5 00001
4 1.0 00010
6 1.5 00011
8 2.0 00100
10 2.5 00101
12 3.0 00110
14 35 00111
16 4.0 01000
18 45 01001
20 5.0 01010
22 5.5 01011
24 6.0 01100
26 6.5 01101
28 7.0 01110
30 7.5 01111
32 8.0 10000
34 8.5 10001
36 9.0 10010
38 9.5 10011
40 10.0 10100
42 10.5 10101
44 11.0 10110
46 11.5 10111
48 12.0 11000
NOTE 1 Refer to the MoDE REGISTERS section for the definition and use of the related register fields.
NOTE 2 Timings in this table are the same for CAPARBLK on and off cases.
NOTE 3 For CAPAR2ERR, GDDR7 SGRAMs may support the variable latency setting (MR15 OP[11:8] = 0000B), one or more fixed latency settings (MR15 OP[11:8]
# 0000B), or both.
NOTE 4 If the device supports Data Path Protection, WRCRC2ERR latency also defines the latency of the Write DPP Parity Error feedback, see the D474 PATH
PROTECTION (DPP) section for more details.
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Data Rate MR‘I‘;’&E& r tSLX_CAT tCSP_PRE
[Gbps] |GHz] Code Min Max Min Max Unit
NRZ 00000 - - ns
2 0.5 00001 ns
4 1.0 00010 ns
6 1.5 00011 ns
8 2.0 00100 ns
10 2.5 00101 ns
12 3.0 00110 ns
14 35 00111 ns
16 4.0 01000 ns
18 4.5 01001 ns
20 5.0 01010 ns
22 5.5 01011 ns
24 6.0 01100 ns
26 6.5 01101 ns
28 7.0 01110 ns
30 7.5 01111 ns
32 8.0 10000 ns
34 8.5 10001 ns
36 9.0 10010 ns
38 9.5 10011 ns
40 10.0 10100 ns
42 10.5 10101 ns
44 11.0 10110 ns
46 11.5 10111 ns
48 12.0 11000 ns
NOTE 1 Refer to the 4C TIMINGS table for related parameter definitions.
NOTE 2 Vendors may specify a single value that applies at all WCK frequencies.
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11 Package Specification

11.1 Signals

Table 155 — Ball-Out Description

SYMBOL

TYPE

SIGNALING

DESCRIPTION

WCK t [A:D],
WCK ¢ [A:D]

Input

NRZ

System Clock: WCK_tand WCK_c is a differential clock input used for
command and address (CA) capture, write data capture and for driving read
data. All latencies will be referenced to an internally divided-by-4 WCK
(CK4) clock.

RCK t [A:D],
RCK ¢ [A:D]

Output

NRZ

Read Strobe: RCK tand RCK c is a differential strobe output driven along
with read data. RCK can also be configured to be single-ended or off.

CA[4:0]_[A:D]

Input

NRZ

Command and Address (CA) Inputs: the CA inputs receive command,
address, CA parity, CA bus inversion, mode register opcodes or other
information that control the operation of the device. Refer to the Command
Truth Tables for details.

DQp[9:0]_[A:D]

e

PAM3 /NRZ

Data Input/Output: 10-bit data bus. In PAM3 mode, write and read data are
transferred on DQ [9:0]; in NRZ mode, DQ [9:8] are disabled and data are
transferred on DQ [7:0] only.

DQJ9:0] are enabled as outputs in DQ Mapping and CA Bus Training modes
regardless of selected PAM3 or NRZ signaling.

DQE [A:D]

I/0

PAM3 /NRZ

In PAM3 mode, remaining write and read data are transferred on DQE.
In both PAM3 and NRZ modes, DQE also transmits:

e the calculated CRC checksum when CRC is enabled

e Poison flag on writes and reads (if enabled)

e  Severity flag on reads (if enabled)

e  DPP Parity (if enabled).
DQE is also used as input during CA Bus Training.

ERR [A:D]

Output

PAM3

Error: the ERR output signals CA parity errors, write data CRC errors and
DPP Parity errors back to the host, when enabled. In a special mode (see
note 4), ERR can also be configured to transmit the flag related to error
severity reporting on reads.

The output drives PAM3 levels regardless of the signaling scheme
programmed for data.

VDDQ

Supply

1/0 Power Supply. Isolated on the die for improved noise immunity.

VDD

Supply

Power Supply

Vss

Supply

Ground

Vpp

Supply

Pump Voltage

ZQ _AB,
ZQ CD

Reference

External Reference for autocalibration. ZQ_AB is associated with channels
A and B, and ZQ CD is associated with channels C and D

RESET n

Input

NRZ

RESET n Low asynchronously initiates a full chip reset. With RESET n
Low, all ODTs are disabled. A full chip reset may be performed at any time
by pulling RESET n Low.

NOTE 1

Indices “_A”,“ B”,*“ C” or “_D” represent the channel indicator. Signal names including the channel indicator are used

whenever more than one channel of the device is referenced, as, e.g., with the ball-out. The channel indicator is omitted
whenever features and functions common to all channels are described.

NOTE 2
NOTE 3
NOTE 4

Refer to T48LE 156 for the mapping of the physical DQp[9:0] pins to logical DQ[9:0] signals.
The RESET n signal is common to all channels.
This special mode is controlled by the SEV2ERR bit in MR5 OP9. See MoDE REGISTERS section for details.
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11.2 Ball-Out

GDDR7 SGRAMs support a vendor defined mapping of logical DQ[9:0] signals to physical package pins.
The ball-out as shown in FIGURE 161 uses the term DQp[9:0] [A:D] with letter “p” referring to the physical
locations of the 10 DQ pins per channel. The correspondence between these pin locations and the logical
DQJ9:0] signals will be found in a vendor specific mapping table (T4BLE 156). It is pointed out that the
location of the 10 DQ and their mapping to logical signals is the same for the 4 channels, which preserves
the symmetry across the channels.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SRR P . [ e T
VSS VSS VDDQ ~ VSS VDD  VSS B VSS VDD  VSS  VDDQ  VSS VSS
VSS VSS VSS VSS C VsS VsS VSS VSS
RC‘IZ—“ VDDQ VSS  VDDQ  VSS  VDDQ | VSS D VSS VDDQ | VSS VDDQ = VSS  VDDQ RCI;—‘
Ri‘:J VsS VSS VSS Wg"f E ngf VsSs VsS VSS REEJ
VSsSs VDDQ VSS  VDDQ | VSS Vss F WC]';—‘ Vss VSS VDDQ | VSS  VDDQ  VSS
VSS VSS VDDQ  VSS G VSS  VDDQ VsS VSS
VSS VSS VSS VDD  VSS VDD  CA0A H CAOB VDD  VSS VDD  VSS VSS VsS
CA4A VDD CA3A CAZA | VDD CALA ¥ CALB = VDD CA2B CA3B | VDD CA4B
-- Vss VSS VDD  VSsS VSS K VsS VSS VDD  VSsS VSS VSS -
CA4D VDD CA3D CA2D VDD  CALD L CALC VDD CA2C CA3C VDD CA4C
VsS VSS VSS VDD  VSS | VDD CAOD M CAOC VDD = VSS | VDD | VSS Vss Vss
- - oo N ~ T o - -
VSS  VDDQ  VSS  VDDQ  VSS VSS P VSS VSS VDDQ ~ VSS  VDDQ  VSS
ng—‘ VSS VSS VSS W‘_:I')"—“ R ng—“ VSS VSS Vss ng—'
ch—c VDDQ VSS  VDDQ  VSS  VDDQ | VSS T VSS VDDQ | VSS  VDDQ = VSS  VDDQ RC’é—“
VSs VSS VDDQ  VSS VDD  VSS v VSS VDD  VSS  VDDQ  VSS VSS
Vss VSs VSS VSS w VsSs VsSs VSS VSS

Figure 161 — 266 Ball BGA Ball-Out
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11.2  Ball-Out (cont’d)

Table 156 — Example Logical Signal to Physical Pin Mapping for DQ[9:0]

PIN BALL BALL BALL BALL LOGICAL
CHANNEL A | CHANNEL B | CHANNEL C | CHANNEL D SIGNAL
DQp0 A7 A8 W8 W7 DQ9
DQpl A3 Al2 W12 W3 DQ8
DQp2 Bl Bl14 V14 V1 DQ7
DQp3 (OX] Cl12 Ul12 U3 DQ6
DQp4 C5 C10 Ul10 Us DQ5
DQp5 C7 C8 U8 u7 DQO
DQp6 ES E10 R10 RS DQ1
DQp7 E3 El12 R12 R3 DQ2
DQp8 Gl Gl4 N14 N1 DQ3
DQp9 G3 GI12 N12 N3 DQ4
NOTE 1 The ball coordinates reflect the fixed locations of the DQp[9:0] pins in channels A to D. The mapping to
logical signals as in the “Logical Signal” column is vendor specific; the mapping shown in the table is
provided as an example and applies to all 4 channels. Refer to the vendor datasheet for the specific signal
mapping.
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11.3 DQ Map Mode

The DQ map mode allows the host to electronically retrieve the vendor defined mapping of logical DQ[9:0]
signals to physical DQ package balls. This mode is enabled by setting MR29 OP4 to 1g. While in this mode,
the physical DQ that corresponds to the logical DQ as selected by MR29 OP[3:0] drives a static Low (or
-1 level in PAM3 mode), while all other DQs drive a static High (or +1 level in PAM3 mode). The complete
logical-to-physical DQ mapping will be obtained by selecting each logical DQ one after the other and
observing which physical DQ drives a Low. Refer to 745LE 157 for the pin selection.

A first DQ pin drives the static Low latest a time tDQMAPON(max) after the MRS commands that enables
DQ map mode; the value will be held until another DQ is selected by a subsequent MRS command that
changes the pin selection in MR29 OP[4:0], or until an MRS command that terminates DQ map mode by
setting MR29 OP4 back to Os. The DQ pins return to their default state latest by tDQMAPOFF(max). While
in DQ map mode, DQE state is vendor specific. However, it should not be driven to Low in NRZ mode and
to -1 or 0 level in PAM3 mode.

Only NOP commands and MRS commands to MR29 are allowed while in DQ map mode, and RCK will
retain its state (on or off) as set prior to enabling DQ map mode. It is pointed out that no phase relationship
is specified between RCK and DQs in this mode.

Table 157 — Static Logical Pin State in DQ Map Mode !

MR9 OP[4:0] STATIC LOGICAL PIN STATE IN DQ MAP MODE
pQ9 | Q8 | Q7 | DQs | DQs | DQ4 | DQ3 | DQ2 | DQI | DQO

000008 DQ map mode is disabled

100008 H H H H H H H H H L
100018 H H H H H H H H L H
100108 H H H H H H H L H H
100118 H H H H H H L H H H
101008 H H H H H L H H H H
101018 H H H H L H H H H H
101108 H H H L H H H H H H
101118 H H L H H H H H H H
110008 H L H H H H H H H H
110018 L H H H H H H H H H

NOTE 1 The equivalent output levels in PAM3 mode are +1 and -1.
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11.3 DQ Map Mode (cont’d)

CAR:0] [Sammonse | Vet [ Ve | Vil [| sosminin | e[ Vi | vers] [ swetvawnon " | Vi | ot | e |

T
|
!
] ODTState
!
|

DQE:0] e | T L ooy Jf ]

tpQumapon (max tpQmaron (max tpQmaron (max)

:] Undefined

NOTE 1 Valid commands are shown single CK4 cycle for illustration purposes but could be single or multicycle. In either case
the reference for timings is to the last CK4 cycle of the command. See the CLOCKING section for more details.

Figure 162 — DQ Map Mode Timing
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11.4 Package Outline
TOP VIEW SIDE VIEW BOTTOM VIEW
Ball A1
Indicator , - 14131211109 8 , 7 6 5 4 3 2 1
\0 ! b Al[0000000 | OO0O00O0C
! D BI[OOOOOOO | O0O00OO00O0
| D c|l0000000 | OOO0O0OO0O0
! D D|OOOOOOO | OOO0OOO0O0
! D E/OO0000O0 | O0O0000O0
; D FIOOOOOOO ! 0OO0O0O0O0O0
D ¢6|0000000 | OO0OO0O0OO0
! D H|OOOOOOO ! OO0O0O0O0O0 -
i D JTOOOO0OO0OOO0 i [ONONONCRCNONG] ?
R EE R b S D K-0-00-00-00- 0000000 |o
3 D LIOOOOOOO | OO00OO0O0O0 =
! D M|OOOOOOO | OO0OO0OO0O0OO0 =
3 D N[OOOOOOO | OO0O00O0O0
! D PIOOOOOOO 1 OOOOOOO
| D RIOOOOOOO | OOOO0OO0OO0
! D TIOOOOO0OO | OOOO0QOO
| D UlOOO0OO0O0OO0OO | OOOOOOO
! D VIOOOO0OO0OOO ! 000000 Opge
| ] WIQO0O000Q | OO0 00 Q r*e
‘ | lez1 ‘
X 2.0 0.73
11.0
X
Figure 163 — Package Dimensions
Table 158 — Package Parameters
Parameter Symbol | Minimum | Nominal | Maximum | Variation | Unit
Width X 12.0 +0.1 mm
Length Y 14.0 +0.1 mm
Height zZ 1.0 +0.1 mm
Ball diameter b 0.35 0.50 +0.05 mm
Standoff Z1 mm
) eX 0.75 mm
Ball pitch
eY 0.73 mm
NOTE 1 GDDR7 package width, length, ball diameter and standoff specification is compliant to MO-353, variation PBGA-B266[266] 10p73-
R12p0x14p0Z#-COpSZ#.
NOTE 2 The nominal ball diameter and standoff (Z1) are vendor specific.
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11.5 2-Channel Mode Enable

A GDDR7 SGRAM based memory system is typically divided into several channels. A GDDR7 SGRAM
device comprises 4 independent 8-bit wide channels. At initialization, it can be configured to operate in a
4-channel mode or be configured for a 2-channel mode. For 2-channel mode the devices are typically
assembled on opposite sides of the PCB in what is referred to as a clamshell.

Whether in 4-channel mode or 2-channel mode the device will operate with a point-to-point connection on
the high-speed command / address (CA) and data signals. In 2-channel mode channels B and D will be
inactive; all signals of channels B and D in that mode shall be in High-Z state and left floating in the system.

The channel configuration is set with RESET n going High on channels A and C. For 4-channel mode
signals CAO_A, CA0_B, CAO0_C and CAO_CD must be driven High; for 2-channel mode signals CA0_A
and CAO_C must be driven Low. Once the configuration has been set, it cannot be changed during normal
operation. Usually, the configuration is fixed in the system.

Details of the 2-channel mode detection are depicted in F7GURE 164. A comparison of 4-channel mode and
2-channel mode systems is shown in FIGURE 165. FIGURE 167 shows examples of the board topologies
that are supported in GDDR?7.

GDDR7
CA data to i
Controller ather DRAM in 2CH .mode
Device 0
CA0_B CA0_B
ca0b CA0_B CA0_D
™ [~ caoD [ =
CAOA CA0_A
cA0_C cAOA
TX caoc P

RESET n

RESET_n —}
GDDR?7
CA data to in 2CH
Controller other DRAM in2 .mode
Device 1
CAO_A CA0_B
CA0_C CAO_A CA0_D
> [ caoc ®
CA0_B CAO0_A
CA0_D CA0_B
X caop P

RESET n

RESET_n — |

GDDR7
Controller in 4CH mode
CA0_B CA0_B
Ca0D CA0_B CA0D
™ CA0_D
CA0_A CA0_A

CA0_C

CA0_A >
CA0_C

TX

RESET_n

RESET_n —

Figure 164 — Enabling 2-Channel Mode
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11.5  2-Channel Mode Enable (cont’d)
Table 159 — CA State at Initialization for 4-Channel Mode vs. 2-Channel Mode
MODE CA0_A CA0_ B CA0 D CAO0_C
2-channel LOW Floating (on board) | Floating (on board) LOW
4-channel HIGH
GDDR7 GDDR7 GDDR7
4 CH 2 CH 2CH
EE= DQ[9:0]_A, DOE_A Byte A FE= DQ[9:0]_A, DQE_A Byte A
= o = o
£ 2| RCK e A £ g RCK_t/c_A,
o < O &
S5 ERR_A WCK/ S5 ERR_A T
WCK_t/c_A, > ADD/ WCK_t/c_A, > ADD/
CA[40]_A CMD CA[4:0]_A CMD
5 DQI9:0]_B, DQE_B Byte B 5= DQ[9:0]_B, DQE_B > Byte C
= v = a
£ ¢ RCK e B, £E RCK_t/c_B,
86 ERR_B WCK/ S5 ERR_B WeK
WCK_t/c_B, ADD/ WCK_t/c_B, p| ADD/
CA[4:0]_B » cvp CA[4:0]_B CMD
5o DQ[9:0]_C, DQE_C Byte C 5o DQ[9:0]_C, DQE_C Byte C
= o =73
£ Elg—RCK Y C £E RCK_t/c_C,
S5 ERR_C WCK/ 30 ERR_C T
WCK_t/c_C, < ADD/ WCK_t/c_C, q ADD/
CA[4:0]_C CMD CA[40]_C CMD
g o DQ[9:0]_D, DQE_D Byte D 5 o DQ[9:0]_D, DQE_D > Byte A
= o =73
S £lg—RCK e D, £ g RCK_t/c_D,
< <
S5 ERR_D WCK/ S5 ERR_D WCK/
WCK_t/c_D, < ADD/ WCK_t/c_D, > ADD/
CA[4:0]_D CMD CA[4:0] D CMD
RESET _n RESET _n
= > g

Figure 165 — Example System View for 4-Channel Mode vs. 2-Channel Mode
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11.5  2-Channel Mode Enable (cont’d)

FIGURE 166 is an example that clarifies the use of 2-channel mode and how the channels are
enabled/disabled to give the controller the view of the same bytes that a controller sees with a single
4-channel device. For a 2-channel using 2 devices in a clamshell design example, two channels come from
Channel A and C from the top device, and two channels come from the bottom Channel A and C and will
look equivalent at the controller to a 4-channel mode.

A
Host Host
ChA ChC Cho Ch1
Byte / CA Byte / CA Byte / CA Byte / CA
JWCK /WCK JWCK JWCK
(DRAM Ch A (DRAM ChC
Byte / CA /WCK) Byte / CA /WCK)
+ =
Host Host
ChC ChA Ch3 Ch?2
Byte / CA Byte / CA Byte / CA Byte / CA
/WCK /WCK /WCK /WCK
(DRAM Ch A (DRAM Ch C
] Byte / CA /WCK) Byte / CA /WCK)
Top view thru package Top view thru PCB Controller view
(PCB below) (PCB above)
2-channel 2-channel Top
2-channel 2-channel Bottom
Legend:
= DATA
= WCK

Figure 166 — Byte Orientation in Clamshell Topology
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-Channel Mode Enable (cont’d)

le block diagram in F/GURE 167 demonstrates some of the flexibility of PCB routing.

Single side configurations

CHA CHB CHC CHD CHA CHB CHC CHD
HOST
CH (ot -
CH1
CH?2
CH3
CHA CHC CHA CHC
HOST
CH (ot
CH?2

Clamshell configurations

HOST
CH (=
CH1

CHA CHB CHC CHD

CH2

CH3

CH4

CH5

CH6

CH7

HOST

&

CHD CHC CHB CHA
CHA CHC

HOST

CH 0=—
CH1

CH2 Legend:

— CH3 = DATA, CA, WCK

{

CHC CHA

Figure 167 — Example GDDR7 PCB Layout Topologies

HOST
CH7
CHe6
CH5
CH4

HOST
CH1
CH3
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12 Annex A — (Informative) Differences between Document Revisions

12.1 Differences between JESD239.01 and JESD239

o Added a cautionary message on the cover page and page before Table of Contents regarding an ongoing
update by the formulating subcommittee that may require host design changes.
e Updated the wording of the “Notice” and “Do Not Violate the Law” pages to the latest JEDEC standard.

e Added this Annex.

12.2 Differences between JESD239A (v2.00) and JESD239.01

This annex briefly describes most of the changes made to entries that appear in this standard, JESD239A,
compared to its predecessor, JESD239.01 (April 2024). If the change to a concept involves any words
added or deleted (excluding deletion of accidentally repeated words), it is included. Minor punctuation
and formatting changes are not included.

Page(s) Description of Change
Various Addition of optional Data Path Protection (DPP) feature
31 2.12 Simplified State Diagram Figure 11: Update to Note 4 to add CATE and add reference to

CATE from the refreshing state.

39,50, 74, 136, 141, 144

Addition of optional Temperature Sensor Range 1.

4.1.17 MR16 Table 38: Update to Note 2 to clarify what sub-address are applicable for PAM3 mode

39 and which are for NRZ mode.
5.2 Command Address Bus Training: Update unintentional CA Training exit (CATX) criteria to at

77 least one lane held high for at least two consecutive WCK cycles within every rolling 12 WCK cycle
window.
5.2 Command Address Bus Training: Clarification that when enter CA training when ECS is

78 enabled, ECS operations may continue, or may be stopped depending on our CA Training was
entered.

83,294 Table 57 and Table 150: Update tDQE_POST description from high to Valid.
89, 108. 113 Update to commands that do not invalidate the FIFO including the addition of PREab, PREpb,
? ? REFab (TR=H), and update to the list of the mode registers that can be programmed.

0

89 FIFO Data Training Mode: Update to conditions that will reset the Read FIFO pointers.
0

90 FIFO Data Training Mode, Figure 33: Addition of a flow chart for FIFO pointer reset after CAPAR
error.
5.4.1.4 LFSR Data Training Mode: Addition of the need to reprogram the LFSR seed after a

91
CAPAR error

95 5.4.1.4 LFSR Data Training Mode: Addition of a flow chart for LFSR training after a CAPAR error
5.4.2.2 LDFF Command: Update to commands that allowed between LDFF commands to include

106 REFab (TR=H), and update to the list of the mode registers that can be programmed between LDFF
commands.
Table 52, Table 75 and Table 82: Addition of Command Set B for RCKSTRT, RCKSTOP and

72,125,142 RDWTEC selected by the CMDS mode register and the addition of Vendor ID5 for host to

determine if supported.
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Differences between JESD239A (v2.00) and JESD239.01 (cont’d)

Page(s) Description of Change
6.12.1 Refresh All-Bank (REFab) Command: Clarification that data training can start and/or
193 continue after tRFCab expires and DRAM back in the idle state. Addition of a table to list the

command that no longer allow data training to continue.

211, 231, 246, 294

Addition of tCSP2IRD_ECS to AC timings table. Update to CAPARBLK section that if ECS is
enabled after a CAPAR error the ECS operations are not guaranteed to continue and logs read out
after tCSP2IRD ECS. Replaced tSRSX ECSLOG UPD with tCSP2IRD ECS in a various sections.

7.5 CAPAR with Command Blocking (CAPARBLK) Figure 142 and Figure 143: Update to CA bus

247, 248 to show RNOP2/CNOP2 during tCATE after a CAPAR error with CAPARBLK enabled.
276 9 .IDD Table 143: Update to IDD7 description to remove reference to fixed tRC(MIN) as tRC scales
with frequency.
AC Timings Table: Update tSLX ECS to clarify that from Self Refresh Sleep exit and CATX.
204 Addition of tWRAMRS for Write with auto precharge to MRS command. Update to

tCAPAR UNLOCK values from Min to Max to match CAPARBLK section.

12.3 Differences between JESD239B (v2.10) and JESD239A (v2.00)

This annex briefly describes most of the changes made to entries that appear in this standard, JESD239B,
compared to its predecessor, JESD239A (Sept 2024). If the change to a concept involves any words added
or deleted (excluding deletion of accidentally repeated words), it is included. Minor punctuation and
formatting changes are not included.

Page(s) Description of Change
8, 125 48 and 64 Gbit addressing added to the addressing and command truth tables.
24 Table 9: Fixed editorial in 5b3S encoder/decoder table (t[1:0] b[0:4] 10000 entry).

31,136, 142,192,193,
194, 195, 197, 231, 294

Added Sleep during Refresh optional feature which allows host to enter Sleep while refresh
operation is still in progress vs entering sleep only after tRFC expires.

39,45, 136, 142

Optional second RTPSB range added to support values up to 20 vs 15.

59, 294 Table 38 and Table 150: Addition of tVREFCA2, tVREFD2 and tVREFD_mode parameters and
updates to the associated notes to clarify the use of the VREF settling timings.
168. 294 Added RCKSTOP to PDE and RCKSTRT to PDE command timings to the RCK timing and AC
’ Timings tables and clarify that tRCKSP2ST is vendor specific.
191 Table 90: Auto precharge table updated to include RD/RDA to MRS.
243 Section 7.5: Included CAPARBLK LAT in list of MR that cannot be programmed when FD_FLAG
= 1B and CAPAR and CAPARBLK enabled.
204 Table 150: Added WRA to SRSE and RDA to SRSE command timings as well as update to

tRDASLE and tWRASLE timings to add tRP.
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12.4 Differences between JESD239C (v2.11) and JESD239B (v2.10)

This annex briefly describes most of the changes made to entries that appear in this standard, JESD239C,
compared to its predecessor, JESD239B (February 2025). If the change to a concept involves any words
added or deleted (excluding deletion of accidentally repeated words), it is included. Minor punctuation
and formatting changes are not included.

Page(s)

Description of Change

Table 2: Update 48 and 64Gbit 2CH addressing to fix row address typo to R16.

14, 262, 265, 266

Sections 2.9.2 and 7.8.2: Document SEV, DPP parity and PSN encoding in NRZ mode with DPP
enabled and disabled. Figure 159 added to show the CRC calculation in NRZ mode with DPP mode
enabled.

Section 3.1: Update Step 6 to clarify that impedance calibration completes before tiNIT2 expires.

33 Fixed "tATH" that was auto-corrected to "that".
45,173,174, 182, 190, Sections 4 MR4, 6.10 Read and 6.11.1 Auto Precharge: Correct RTP to RTPSB and tRTP to
191 tRTPSB to match the MR and AC timing.
Table 46 and Section 5.3: Add SEV2ERR to list of features that do not apply during ERR training if
68, 84 MR23 OP[11:9] DR ERR Pattern is programmed to any value other than 0b000 (normal
mode).
Section 6.13.2: Update DRFM to be optional feature with no Info Read support bit and direction to
203 user to verify feature support in vendor's datasheet. In the DRFM section clarified the 2
methods to clear the DRFM sampled address as well as the behavior when disabling and
re-enabling DRFM.
204 Section 10: Table 150 update to tRDASRSE to include RD or RDA to SRE or SRSE commands and

tWRASRSE update to include WR or WRA to SRE or SRSE commands.
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12.5 Differences between JESD239D (v2.12) and JESD239C (v2.11)

This annex briefly describes most of the changes made to entries that appear in this standard, JESD239D,
compared to its predecessor, JESD239C (August 2025). If the change to a concept involves any words
added or deleted (excluding deletion of accidentally repeated words), it is included. Minor punctuation
and formatting changes are not included.

Page(s) Description of Change
27,28 Section 2.11: Update to add DPP to the ERR Signal section text and Table 12.
43 Section 4.1.3, Table 23: Addition of the extended WRCRC2ERR range to MR2.

Section 4.1.5, Table 25: Updated RTPSB to show both the normal and extended RTPSB ranges.

45 Update to Note 4 with the inclusion of both ranges to remove redundant text.

58 Section 4.1.16, Table 37:Update CA parity error latency from 0 through 4 to 0 through 7.

33 Section 5.2, Table 57: Update to match values for tSLX CAT, tCATX and tDQE_POST to match
AC timings table values.

38 Section 5.4.1.2, Table 59: Update various descriptions and values to match AC timings table. Add
Notes 2 and 3 to clarify Read and Write to match AC timing table.

136, 142 Section 6.6, Table 76 and Table 82: Addition of WRCRC2ERR range to Vendor ID5, IRA43 DQ3.

Section 6.6, Table 77: Replaced tIRD2WR with tRTRWR for IRS to WR commands to match AC

138 timings. Update to Note 2 to add IRA 43 as supporting the back-to-back IRD commands to same
IRA keep the output steady for longer than a burst.

168 Section 6.9, Table 88: Added Note 5 reference to tRCKSPST as missing.

174 Section 6.10, Table 89: Add DPP column for Mode Registers using DQE and add Case 8 for DPP
enabled.

262 Section 7.8, Table 131: Update to Note 2 to add "Whether Scramble is enabled or disabled," for

poison transfers to use 000b for the DPP parity calculation.

Section 10, Table 150: Updated tLTLTR description from cycle time to delay to match other
294 timings. Update to Note 48 to add IRA 43 as supporting the back-to-back IRD commands to same
IRA keep the output steady for longer than a burst.

310 Section 11.1, Table 155: Update to DQE and ERR signals to include DPP functionality.
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The purpose of this form is to provide the Technical Committees of JEDEC with input from the industry regarding
usage of the subject standard. Individuals or companies are invited to submit comments to JEDEC. All comments will
be collected and dispersed to the appropriate committee(s).

If you can provide input, please complete this form and return to:

JEDEC E-mail : angies@jedec.org
Attn: Publications Department

3103 10™ Street North

Suite 240S

Arlington, VA 22201

1. Irecommend changes to the following:

I:l Requirement, clause number

I:l Test method number Clause number

The referenced clause number has proven to be:

I:l Unclear I:‘ Too Rigid I:l In Error
I:l Other

2.  Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by

Name: Phone:
Company: E-mail:
Address:

City/State/Zip: Date:
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