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GRAPHICS DOUBLE DATA RATE (GDDR5X) SGRAM STANDARD

(From JEDEC Board Ballot JCB-16-39, formulated under the cognizance of the JC-42.3 Subcommittee on
DRAM Memories, item number 1827.99B v1.2).

1 SCOPE

This standard defines the GDDR5X SGRAM memory standard, including features, device operation, elec-
trical characteristics, timings, signal pin assignments, and package.

The purpose of this standard is to define the minimum set of requirements for JEDEC standard compatible
4 Gb through 16 Gb x32 GDDR5X SGRAM devices. System designs based on the required aspects of this
standard will be supported by all GDDR5X SGRAM vendors providing JEDEC standard compatible
devices. Some aspects of the GDDR5X standard such as AC timings 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 standard was created based on the GDDR5 SGRAM standard (JESD212). Each aspect of the changes
were considered and balloted. The accumulation of these ballots were then incorporated to prepare this
GDDR5X SGRAM standard.
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GDDR5X SGRAM STANDARD OVERVIEW

4Gb =128Mbx32 ( 8 Mb x32x16 banks) /256 Mb x16 (16 Mb x 16 x 16 banks)
6 Gb =192Mbx32 (12 Mb x 32 x16 banks) /384 Mb x16 (24 Mb x 16 x 16 banks)
8Gb =256 Mbx32 (16 Mb x32x16 banks) /512 Mb x16 (32 Mb x 16 x 16 banks)
12Gb =384 Mb x32 (24 Mb x32x16 banks) /768 Mb x16 (48 Mb x 16 x 16 banks)
16 Gb =512Mbx32 (32Mbx32x16banks) /1Gbx16 (64 Mb x 16 x 16 banks)

2

1
°
°
°
°
°
°

FEATURES

Single ended interface for command, address and data

Differential clock input CK_t/CK_c for ADD/CMD

Two differential clock inputs WCK_t/WCK_c, each associated with two data bytes (DQ, DBI_n, EDC)
Single Data Rate (SDR) commands (CK)

Double Data Rate (DDR) addresses (CK)

QDR and DDR operating modes:

® QDR mode: Quad Data Rate (QDR) data (WCK); 16n prefetch architecture with 512 bit per array
read or write access; burst length 16

¢ DDR mode: Double Data Rate (DDR) data (WCK); 8n prefetch architecture with 256 bit per array
read or write access; burst length 8

16 internal banks

4 bank groups for tcepy, = 3 teg and 4 teg

Programmable read latency: 5 to 36 tcy; programmable write latency: 1 to 7 tcy
Write data mask function via address bus (single/double/quad byte mask)

Data bus inversion (DBI) and address bus inversion (ABI)

Input/output PLL/DLL

Addpress training: address input monitoring via DQ/DBI_n/EDC pins
WCK2CK clock training with phase information via EDC pins

Data read and write training via READ FIFO (depth = 6)

Read FIFO pattern preload by LDFF command

Direct write data load to READ FIFO via WRTR command

Consecutive read of READ FIFO via RDTR command

Read/write EDC on/off mode

Programmable EDC hold pattern for CDR

Read/write data transmission integrity secured by cyclic redundancy check (CRC-8)
Programmable CRC read latency =1 to 4 tcg; programmable CRC write latency =7 to 14 tcg
Low Power modes

RDQS mode on EDC pins

On-chip temperature sensor with read-out

Auto precharge option for each burst access

Auto refresh mode with per-bank refresh option

Temperature sensor controlled self refresh rate

Optional digital tg o5 lockout

On-die termination (ODT) for all high-speed inputs

Pseudo open drain (POD-135) compatible outputs

ODT and output driver strength auto-calibration with external resistor ZQ pin (120 €2)
Programmable termination and driver strength offsets

Internal Vygg for data inputs with programmable levels

Selectable external or internal Vygg for address / command inputs

Vendor ID for device identification

Mirror function with MF pin

IEEE 1149.1 compliant boundary scan

1.35 V supply voltage for device operation (Vpp) and I/O interface (Vppg)

1.8 V pump voltage (Vpp)

190 ball BGA package
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3 FUNCTIONAL DESCRIPTION

3.1 FUNCTIONAL OVERVIEW

The GDDR5X SGRAM is a high speed dynamic random-access memory designed for applications
requiring high bandwidth. It is internally configured as 16-bank memory and contains the following
number of bits:

4 Gb has 4,294,967,296 bits
6 Gb has 6,442,450,944 bits
8 Gb has 8,589,934,592 bits
12 Gb has 12,884,901,888 bits
16 Gb has 17,179,869,184 bits

The GDDR5X 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.

The GDDR5X SGRAM supports two operating modes which mainly differ in the internal prefetch and
DQ/DBI_n pin to WCK clock frequency ratio. The operating mode is set by a mode register bit:

® In Quad Data Rate (QDR) mode the interface transfers four 32-bit wide data words per WCK clock
cycle to/from the I/O pins. Corresponding to the 16-n prefetch a single write or read access consists of a
512 bit wide, two CK clock cycle data transfer at the internal memory core and sixteen corresponding
32 bit wide one-quarter WCK clock cycle data transfers to the I/O pins.

¢ In Double Data Rate (DDR) mode the interface transfers two 32-bit wide data words per WCK clock
cycle to/from the I/O pins. Corresponding to the 8-n prefetch a single write or read access consists of a
256 bit wide, two CK clock cycle data transfer at the internal memory core and eight corresponding 32
bit wide one-half WCK clock cycle data transfers to the I/O pins.

Read and write accesses to the GDDR5X SGRAM are burst oriented; an access starts at a selected location
and consists of a total of sixteen data words in QDR mode and eight data words in DDR mode. Accesses
begin with the registration of an ACTIVATE command, which is then followed by a READ or WRITE
command. The address bits registered coincident with the ACTIVATE command and the next rising CK_c
edge are used to select the bank and the row to be accessed. The address bits registered coincident with the
READ or WRITE command and the next rising CK_c edge are used to select the bank and the column
location for the burst access.

This standard includes all features and functionality required for JEDEC GDDR5X SGRAM devices. Users
benefit from knowing that any system design based on the required aspects of the standard are supported
by all GDDR5X SGRAM vendors; conversely users seeking to use any superset specifications bear the
responsibility to verify support with individual vendors.
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3.2 SIGNAL STATE TERMINOLOGY

The GDDR5X SGRAM will be operated in both ODT enable (terminated) and ODT disable (unterminated)
modes. For 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 can not be guaranteed for a short period of time, for example during power-up.

Four terminologies define the state of a device pin (GDDR5X SGRAM or controller) during operation. The
state of the bus will be determined by the combination of the device pins connected to the bus in the
system. For example, with GDDR5X it is possible for the device pin to be tristated while the controller pin
is High or ODT. In both cases the bus would be High if the ODT is enabled.

Device pin signal level:

® High: a device pin drives the Logic “1” state.
® Low: a device pin drives the Logic “0” state.
® High-Z: a device pin is tristate.

® ODT: a device pin terminates with ODT setting, which could be terminating or tristate depending on
mode register setting.

Bus signal level:

® High: one device on the bus is High and all other devices on bus are either ODT or High-Z. The voltage
level on the bus would be nominally Vppq.

® Low: one device on the bus is Low and all other devices on bus are either ODT or High-Z. The voltage
level on the bus would be nominally Vo (DC) if ODT is enabled, or Vggq if High -Z.

® High-Z: all devices on the bus are High-Z. The voltage level on bus is undefined as the bus is floating.

® ODT: at least one device on the bus is ODT and all others are High-Z. The voltage level on the bus
would be nominally Vppg.

3.3 CLOCKING

The GDDR5X SGRAM operates from a differential clock CK_t and CK_c. Commands are registered at
every rising edge of CK_t. Addresses are registered at every rising edge of CK_t and every rising edge of
CK_c.

The data interface uses two differential forwarded clocks WCK_t and WCK _¢, each associated with two
data bytes. WCK_t and WCK_c are continuously running and operate at twice the frequency of the
command/address clock (CK_t/CK_c). A PLL/DLL is associated with each WCK pair. The use of the PLL/
DLL is mandatory in QDR mode and vendor specific in DDR mode.

® QDR mode uses a quad data rate data interface and a 16n-prefetch architecture for DQ/DBI_n, and a
double data rate data interface and 8n-prefetch architecture for EDC. The PLL/DLL generates four
equally spaced clock edges per WCK clock cycle. QDR means that four DQ/DBI_n data words per
WCK cycle are registered at these internally generated clock edges. DDR means that two EDC data
words per WCK cycle are registered at every second of these internally generated clock edges.

® DDR mode uses a double data rate data interface and an 8n-prefetch architecture for DQ/DBI_n/EDC.
DDR means that the data is registered at every rising edge of WCK_t and rising edge of WCK_c.



JEDEC Standard No. 232A.01
Page 5

3.3 CLOCKING (cont’d)

Table 1 and Figure 1 illustrate the clock and interface signal relationship for both QDR and DDR operating
modes.

Table 1 — Example Clock and Interface Signal Frequency Relationship

PIN QDR MODE DDR MODE UNIT
CK_t, CK_c 1.5 1.5 GHz
Command 1.5 1.5 Gbps/pin
Address 3.0 3.0 Gbps/pin
WCK_t, WCK _c 3.0 3.0 GHz
DQ, DBLn 12.0 6.0 Gbps/pin
EDC 6.0 6.0 Gbps/pin

e XX

S —
avoress YO O 0C 0 00
o

DQ, DBI_n VEVERY
(QDR Mode)

DBL_n : A/ AR\ S/ : /AR : v
(DDR Mode)
EDC : \/ v : v \/ : \/ \/ : \/
(QDR + DDR Modes)

NOTE 1 Figure 1 shows the relationship between the data rate of the buses and the clocks and is not a timing diagram.

Figure 1 — GDDR5X Clocking and Interface Relationship
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3.3 CLOCKING (cont’d)

Controller GDDR5X SGRAM

CMD sampled by CK_t/CK_c as SDR
ADD/CMD centered with CK_t/CK_c ADD sampled by CK_t/CK_c as DDR

X a v a ]
ADD/CMD

-—»l >——o:——{>—
CK_t/CK_c WCK2CK
(15 GHz) Alignment
Oscillator
PLL/DLL
Data Tx/Rx D Q——— To EDC pin

PLL/DLL
>t D—@—Aﬁ—»
L WCK_t/
WCK_c (DDR mode only)
WCK;
(3 GHz) int
QDR mode: 3.0 GHz
" % = EEEEEEEEEEEEEEEEEEEEEEEfEEEEEEEEEEEEEEEEE DDR mode: 1.5 GHz
searly/late .
. Phase detector/ . . .
. accumulator o— 1 & ] Q Dle .
: I *i DATA . :
«| core N early/late from * {(QDR mode: . [ .
. QP caligration data " i 12 Gbps) . .
. . (DDIEIgode: . .
. Receiver " 6 Gbps) . "
: clock : : j; o]

Figure 2 — Block Diagram of an Example Clock System
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34 ADDRESSING

GDDR5X SGRAMs use a double data rate address scheme to reduce pins required on the device as shown
in Table 2. The addresses should be provided in two parts; the first half is latched on the rising edge of
CK_t along with the command pins such as RAS_n, CAS_n and WE_n; the second half is latched on the
next rising edge of CK_c.

The use of DDR addressing allows all address values to be latched in at the same rate as the SDR
commands. All addresses related to command access have been positioned for latching on the initial rising
edge for faster decoding.

Table 2 — Address Pairs

Clock Address Pins
Rising CK_t BA3 BA2 BA1 BAO Al4 Al12 All A10 A9 A8
Rising CK_c A3 A4 A5 A2 Al5 Al3 A6 A0 Al A7

The addressing includes support for 4 Gb to 16 Gb densities and both QDR and DDR operating modes as
shown in Table 3.

Table 3 — Addressing Scheme

Density 4 Gb 6 Gb 8 Gb 12 Gb 16 Gb

I/O Configuration | x32 x16 x32 x16 x32 x16 x32 x16 x32 x16
Row address AO0~A12 | AO~A13 | A0-A13 | AO-A14 | A0~A13 | A0O~A14 | AO~A14 | AO~A15 | AO~Al4 | A0~A15
Column QDR Mode A0~A5 A0~A5 A0~A5 A0~A5 A0~A5
address
DQI15:0] DDR Mode A0~A6 A0~A6 A0~A6 A0~A6 A0~A6
Column QDR Mode A7,A9,A12~A15 A7,A9,A12~A15 A7,A9,A12~A15 A7,A9,A12~A15 A7,A9,A12~A15
?)dggls;sm] DDR Mode A7,A9,A12~A15,A6 | A7,A9,A12~A15,A6 | A7,A9,A12~A15,A6 | A7,A9,A12~A15,A6 | A7,A9,A12~A15,A6
Bank address BAO~BA3 BAO~BA3 BAO~BA3 BAO~BA3 BAO~BA3
Autoprecharge A8 A8 A8 A8 A8
Page Size 4K 2K 4K 2K 4K 2K 4K 2K 4K 2K
Refresh 16K/32 ms 16K/32 ms 16K/32 ms 16K/32 ms 16K/32 ms
Refresh period 1.9 us 1.9 ps 1.9 ps 1.9 us 1.9 us

NOTE 1 The burst order is fixed for Reads and Writes, and the GDDR5X SGRAM does not assign column address bits to distinguish
between the Uls of a burst. A memory controller may internally assign such column address bits but these column address bits
are not transmitted on the colum address bus to the GDDR5X SGRAM.

NOTE 2 Row address range with A[13:12] =11 (x32 mode) or A[14:13] =11 (x16 mode) is not present for 6 Gb density. Row address range
with A[14:13] = 11 (x32 mode) or A[15:14] = 11 (x16 mode) is not present for 12 Gb density. ACT/RD/WR commands to these
memory locations are illegal.

NOTE 3 Two column addresses CAL and CAU with shared bank addresses are provided with each WRITE and READ command.

NOTE 4 For complete details on refresh refer to the vendor's datasheets for values for refresh interval, refresh period and tggc as tggc will
scale with density and is vendor specific.
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3.4 ADDRESSING (cont’d)

Two column addresses with a common bank address are provided with each READ and WRITE
command, allowing two pseudo-independent memory accesses with 32 bytes access granularity in QDR
operating mode and 16 bytes access granularity in DDR operating mode:

® The lower column address (CAL) is associated with DQ[15:0] and received on addresses A[5:0].

® The upper column address (CAU) is associated with DQ[31:16] and received on addresses
A[15:12,9,7].

GDDR5X SGRAM'’s addressing is transparent between QDR and DDR operating modes: data can be
written in QDR operating mode with a single BL=16 WRITE burst, and read in DDR operating mode with
two BL=8 READ bursts, and vice versa. Column address A6 is evaluated in DDR operating mode only; it
can be considered the LSB and selects between the data corresponding to the first half of a BL=16 burst (Ul
0..7) with A6 being set Low, and the data corresponding to the second half of a BL=16 burst (UI 8..15) with
A6 being set High.

Figure 3 illustrates the addressing in QDR and DDR operating modes assuming the same column
addresses CAL and CAU for lower and upper data bytes. This is equivalent to accesses using a single
column address, however, it is required to provide both CAL and CAU along with the READ or WRITE
command.

Case 1: Single READ/WRITE burst in QDR Mode (BL16) with CAL = CAU

v/'

CAU —~/" CAL

CA6=X ’BL“ - ’BL“ 7 CA6=X
f
DQI31:16] DQI15:0]

Case 2: Two READ/WRITE bursts in DDR Mode (BL8) with CAL = CAU

»/‘
v/.

CAU CAL

a/'
o/'

CAU BL8 BIS CAL
CA6=1 CA6=1

DQI[31:16] DQI15:0]

Figure 3 — Column Accesses with Identical Lower and Upper Column Addresses
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3.4 ADDRESSING (cont’d)

Figure 4 illustrates the addressing in QDR and DDR operating modes assuming different column address
for lower and upper bytes. This corresponds to two pseudo-independent memory accesses with 32 bytes
access granularity in QDR operating mode and 16 bytes in DDR operating mode. It is pointed out that
both accesses share the bank address and therefore access the same open row in that bank.

Case 3: One READ/WRITE burst in QDR Mode with CAL <> CAU

-

CAU
CA6=X BL16
77 CAL
) BL16 7 CAG=
| 7
DQI31:16] DQI15:0]
Case 4: Two READ/WRITE bursts in DDR Mode with CAL <> CAU
CAU
CA6=0 BLS8
CAL
) 'BLS CA6=0
f £
CAU BLS
CA6=1
e BLS CAL
CA6=1

DQI[31:16] DQI15:0]

Figure 4 — Column Accesses with Different Lower and Upper Column Addresses

3.4.1 Address Compatibility Mode

GDDR5 SGRAMSs receive the column address on the lower address pins only; this column address is used
for all data bytes. The address compatibility mode adopts this functionality for GDDR5X SGRAMs (see
Figure 3): if enabled by bit A8 in MRS, the device will use the column address received on A[5:0] as CAL
and CAU. Address inputs A[15:12, 9, 7] are ignored in this mode. The memory accesses will be identical to
those shown in Figure 3 for both BL=16 and BL=8 cases.

Address Compatibility Mode Off Address Compatibility Mode On
Column Address Column Address Column Address Column Address
CAU CAL CAU CAL
DQI31:16] DQI15:0] DQI31:16] DQI[15:0]

[
|

A[15:129,71 A6 A[5:0] A[15:12,9,71 A6 A[5:0]

Figure 5 — Address Compatibility Mode
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3.5 BANK GROUPS

For devices operating at frequencies above a certain threshold (fcxgg), the activity within a bank group
must be restricted to ensure proper operation of the device. The 16 banks are divided into four bank

groups. The bank groups feature is controlled by bits A[11:10] in MR3.

Table 4 — Bank Groups

ADDRESSING
BANKS BANK GROUP
BA3 BA2 BA1 BAO
O0to3 0 0 X X Group A
4to7 0 1 X X Group B
8to 11 1 0 X X Group C
12 to 15 1 1 X X Group D

These bank groups allow the specification of different command delay parameters depending on whether
back-to-back accesses are to banks within one bank group or across bank groups as shown in Table 5.
Figure 6 shows back-to-back column accesses based on tccpy, and tccpg parameters.

Table 5 — Command Sequences Affected by Bank Groups

CORRESPONDING AC TIMING PARAMETER
BANK GROUPS ENABLED
COMMAND SEQUENCE BANK GROUPS| ACCESSESTO | ACCESSES WITHIN | VOTES
DISABLED DIFFERENT THE SAME BANK
BANK GROUPS GROUP

ACTIVATE to ACTIVATE tRRDS tRRDS tRRDL

WRITE to WRITE tceps tceps tecpL

READ to READ tceps tceps tecpL

Internal WRITE to READ tWTRS tWTRS tWTRL

READ to PRECHARGE tRTPS 1ty tRTPL 1

NOTE1 Parameters tgrpg and tgrpr, apply only when READ and PRECHARGE go to the same bank; use tgrps when BG are
disabled, and tgp;, when BG are enabled.
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3.5 BANK GROUPS (cont’d)

Example 1 (Bank Groups Disabled): tccps = 2 tex

T0 T1 T2 T3 T4 T5 T6 17 T8 T9 T1I0 Tl T2 TI3
SO AWAVAVAWAVAVAYATAVAYAWAWAWA

s o

pQ [ R B e TR]

Example 2 (Bank Groups Enabled): tccor = 4 tcx

TO TL T2 T3 T4 T5  Te T7Z_ T8 T9  TIO Til T2 TI3
ax [N\ SIS\ NSNS NSNS AN

cas [A0
po [ R R TR

Example 3 (Bank Groups Enabled): tccps = 2 tcx

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
S S/ U VA A W W W W W W W B W W

cas [A0 (50 0]

D (LR AR e
NOTE1 Column accesses are to open banks, and tgcp has been met.
NOTE2 RLmrs =0 assumed.

NOTE 3 Ax, Bx, C, Dx: accesses to bank groups A, B, C and D, respectively.
NOTE 4 With bank groups enabled, tccpy is 3 * tcg or 4 * tck as programmed in MR3.

Figure 6 — tccpg and teepy, Timings
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3.6 ADDRESS BUS INVERSION (ABI)

Address Bus Inversion (ABI) reduces the power requirements on address pins, as the number of address
lines driving a low level can be limited to 5.

The ABI function is associated with the electrical signalling on the address lines between a controller and
the GDDR5X SGRAM regardless of whether the information conveyed on the address lines is a row or
column address, a mode register op-code, a write data mask, or any other pattern.

The ABI_n input is an active Low double data rate (DDR) signal and sampled by the GDDR5X SGRAM at
the rising edge of CK_t and the rising edge of CK_c along with the address inputs.

Once enabled by the corresponding ABI mode register bit, the device inverts the pattern received on the
address inputs in case ABI_n is sampled Low, or leaves the pattern non-inverted in case ABI_n is sampled
High, as shown in Figure 7.

Address / A\l 10 to
Pins — " DRAM

core

ABLn

from Mode Register:
0 =enabled
1= disabled

Figure 7 — Example of Address Bus Inversion Logic

The flow diagram in Figure 8 illustrates the ABI operation. The controller decides whether to invert or not
invert the data conveyed on the address lines. The GDDR5X SGRAM has to perform the reverse operation
based on the level of the ABI_n pin. Address input timing parameters are only valid with ABI being
enabled and a maximum of 5 address inputs driven Low.

: Data sent
 Controller

Determine "0’

! count
: {N 0 @ Yes—l
! ABIn=H ABI_n=L
! Don't invert Invert
v v
ABI_n=H ABI_n=L
Don’t invert Invert

GDDR5X Data received
SGRAM on address lines

Figure 8 — Address Bus Inversion (ABI) Flow Diagram
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3.7 READ and WRITE DATA BUS INVERSION (DBI)

The Data Bus Inversion (DBIdc) reduces the DC power consumption and supply noise-induced jitter on
data pins because the number of DQ lines driving a low level can be limited to 4 within a byte. DBIdc is
evaluated per byte.

There is one DBI_n pin per byte: DBI0_n is associated with DQO0-DQ?7, DBI1_n with DQ8-DQ15, DBI2_n
with DQ16-DQ23 and DBI3_n with DQ24-DQ31.

The DBI_n pins are bidirectional active Low double data rate (DDR) signals. For writes, they are sampled
by the device along with the DQ of the same byte; for reads, they are driven by the device along with the
DQ of the same byte.

Once enabled by the corresponding RDBI mode register bit, the device inverts read data and sets DBI_n
Low when the number of ‘0" data bits within a byte is greater than 4; otherwise the device does not invert
the read data and sets DBI_n High, as shown in Figure 9.

Once enabled by the corresponding WDBI Mode Register bit, the device inverts write data received on the
DQ inputs in case DBI_n is sampled Low, or leaves the data non-inverted in case DBI_n is sampled High,
as shown in Figure 10.

from 8 8
DRAM A A\
1 DQ
core
/0’
count
4 DBL n

from Mode Register:
0 =enabled
1= disabled

Figure 9 — Example of Data Bus Inversion Logic for READs

8

/ A\ to
DQ [ 7 DRAM
core
DBI_n
from Mode Register:
0= enabled
1 =disabled

Figure 10 — Example of Data Bus Inversion Logic for WRITEs

The flow diagram in Figure 11 illustrates the DBIdc operation. In any case, the transmitter (the controller
for writes, the GDDR5X SGRAM for reads) decides whether to invert or not invert the data conveyed on
the DQs. The receiver (the GDDR5X SGRAM for writes, the controller for reads) has to perform the reverse
operation based on the DBI_n pin level. Data input and output timing parameters are only valid with DBI
being enabled and a maximum of 4 data lines per byte driven Low.
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3.7 READ and WRITE DATA BUS INVERSION (DBI) (cont’'d)

. Logical :
Transmitter S |

Determine ‘0’ ‘
count in byte !

JNYes—l :
DBLn=H DBIn=L ]
Don’t invert Invert !

v v
DBI_n=H DBIL.n=L
Don’t invert Invert

‘ » < ‘
>«

Figure 11 — DBI Flow Diagram

3.7.1 DBI_n Pin Special Function Overview

The DBI_n pin has special behavior compared to DQ pins because of the ability to enable and disable it via
MRS. For either WRITE or READ DBI_n pin training, both READ DBI (RDBI) and WRITE DBI (WDBI)
must be enabled. The behavior of the DBI_n pin in various mode register settings is summarized as
follows:

¢ If both RDBI and WDBI are enabled, the pin drives DBI FIFO data with RDTR bursts, and the DBI FIFO
accepts data from WRTR bursts.

® If only RDBI is enabled, the pin drives ODT except for READ or RDTR bursts.
® If only WDBI is enabled, the pin always drives ODT (unless in reset).
¢ If both RDBI and WDBI are disabled, the pin always drives ODT (unless in reset).
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3.8 ERROR DETECTION CODE (EDC)

Error detection on the data bus is provided to improve system reliability. The device generates a checksum
per byte lane for both READ and WRITE data and returns the checksum to the controller. Based on the
checksum, the controller can decide if the data (or the returned CRC) was transmitted in error and retry
the READ or WRITE command. The GDDR5X SGRAM itself does not perform any error correction. The
algorithm detects 100% single bit errors and >99% double bit errors.

The features of the EDC are:

® 8 bit checksum on 144 bits (9 channels x 16 bit burst) in QDR mode, and 72 bits (9 channels x 8 bit
burst) in DDR mode;

® dedicated EDC transfer pin per 9 channels;

® asymmetrical latencies on EDC transfer for reads and writes.

The CRC calculation is embedded into the write and read data stream as shown in Figure 46 “Data Paths
used for Read and Write Training”:

® for writes, the checksum is calculated on the DQ and DBI_n input data before decoding with DBI;

® for reads, the checksum is calculated on the DQ and DBI_n output data after encoding with DBI.
The CRC calculation is not affected by any data mask sent along with WDM, WDMA, WSM or WSMA
commands. It is controlled separately for READ and WRITE bursts by the following bits in MR4:

® Bit A9 controls the CRC calculation for READ bursts, and bits A[8:7] hold the CRC read latency
(CRCRL);

® Bit A10 controls the CRC calculation for WRITE bursts, and bits A[6:4] hold the CRC write latency
(CRCWL)

The EDC latency is based on the RL and CRCRL latencies for read data, and the WL and CRCWL latencies
for write data as shown in Table 6. The CRC bursts replace the EDC hold pattern for the duration of the
bursts if CRC is enabled.

Table 6 — EDC Latencies

DESCRIPTION SYMBOL VALUE UNITS
EDC READ Latency EDCRL RL + CRCRL tex
EDC WRITE Latency EDCWL WL + CRCWL tek

The GDDR5X SGRAM uses a 2-stage algorithm in the CRC calculation on a byte lane basis:

® Step 1: two-input XOR gates compress the first eight bits (DO - D7) and the second eight bits (D8 - D15)
of a 16-bit data burst into an 8-bit data word as shown in Figure 12. The inputs of the 2-input XOR
have been carefully chosen to minimize the probability of undetectable double bit errors:
- a temporal decorrelation combines Ul that are latched by different internal WCK clock phases;
- a spatial decorrelation combines Ul from different bit lanes.
In DDR mode this step 1 is effectively bypassed by forcing the second eight bits of the 16-bit data burst
to 0.

® Step 2: the ATM-8 HEC, X*8+X"2+X"1+1, CRC polynomial calculates an 8-bit checksum as shown in
Figure 13. The starting seed value is set to 0 in hardware. The bit order is optimized for errors in the
time burst direction. All 1s are assumed in the calculation for the DBI_n pin when DBI is disabled for
writes or reads in the mode register.

A typical combinatorial logic block implementation of the CRC algorithm consists of 72 parallel two-input
XOR gates for step 1 followed by 272 two-input XOR gates in eight 6 XOR gate deep trees for step 2,
resulting in a total XOR gate logic depth of 7.
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3.8 ERROR DETECTION CODE (EDC) (cont’d)

T0 Burst Ordering (2 tck) TO + 16 [ﬂ

CRC Input Data

(8 DQ + DBI_n) (O X1 X2 X3 X4 X5 X6 X7 X8X9X10X11X12X13X14X15)

Input Data Bit Numbering

Burst 16
Pin 0|1 |2 |3 |4 |5 ]|6]|7 8 |9 (10|11 |12 |13 |14 |15
DQO o1 (2|3 |4|5]|6]|7 72\ 73 |74 |75 |76 |77 | 78 | 79
DQ1 8|9 (10|11 |12 |13 |14 |15 || 80 |81 |82 |83 |84 |8 |86 |87
DQ2 16 |17 (18 |19 |20 |21 | 22 | 23 |[ 88 (89 |90 | 91 | 92 | 93 | 94 | 95
DQ3 24 | 25126 (27|28 |29]30|31||9 |97 |98 |99 (100|101 |102]|103
DQ4 32 133 |34 |35|36|37|38|39 ||104|105|106|107|108|109|110 | 111
DQ5 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 || 112|113 |114|115| 116|117 | 118|119
DQ6 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 || 120|121 | 122|123 |124| 125|126 | 127
DQ7 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 ||128|129|130|131|132|133|134 |135
DBIO_n 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 ||136 (137|138 |139|140 | 141|142 | 143
Part A: Spatial decorrelation scheme Part B: Temporal decorrelation scheme
PIN Ul Ul Pin Ul
DQO 0..7 8..15 All 0|1 [2[3]4]|5]6]7
DQ1 0..7 8..15
DQ2 0..7 8..15
DQ3 0..7 8..15
DBIO_n 0..7 8..15
DQ4 0..7 8..15
DQ5 0..7 8..15
DQ6 0..7 8..15
DQ7 0..7 8..15 [ Al | [ 8] 9 ]10]11]12]13]14]715
Step 1 Intermediate Result
(8 DQ +DBI_n)
Intermediate Result (Burst 8)
Pin 0 1 2 3 4 5 6 7
DQO 0n"142 | 17143 | 272136 | 37137 | 47138 | 57139 | 67140 | 7" 141
DQ1 87110 | 97111 | 107104 | 117105 | 127106 | 137107 | 147108 | 15" 109
DQ2 167118 177119 | 187112 | 197113 | 207114 | 217115 | 227116 | 237117
DQ3 247126 | 257127 | 267120 | 277121 | 287122 | 297123 | 30~ 124 | 31 ~ 125
DQ4 32778 | 33779 | 34772 | 35773 | 36774 | 37775 | 387”76 | 39177
DQ5 40786 | 41787 | 42780 | 43781 | 44782 | 45783 | 46784 | 47785
DQ6 48794 | 49795 | 50788 | 5189 | 527290 | 53791 | 54792 | 55793
DQ7 567102 | 577103 | 5896 | 59797 | 60798 | 61799 | 627100 | 63" 101
DBI0O_n 647134 | 657135 | 667128 | 677129 | 68130 | 69 131 | 70~ 132 | 71 * 133
TO TO+8 UL

-

Figure 12 — EDC Calculation Matrix (Step 1)
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Step 1 Intermediate Result
(8 DQ + DBI_n)

CRC Data Output Bit Ordering

CRC Polynomial
X8+ X2+ X+1

CRC Equations (Step 2)

CRC[O]

CRC[1]

CRC[2]

CRC[3]

CRC[4]

CRC[5]

CRC[6]

CRC[7]

= D[69]
D[53]
D[35]
D[16]

= D[70]
D[52]
D[36]
D[21]
D[9]

= D[71]
D[54]
D[37]
D[15]

= D[70]
D[51]
D[35]
D[14]

= D[71]
D[52]
D[36]
D[15]

= D[71]
D[51]
D[36]
D[15]

= D[67]
D[51]
D[33]
D[14]

= D[68]
D[52]
D[34]
D[15]

332 > > > > > > > > > > > > > > > > 2> > > D> > > > > >

D[68]
D[52]
D[34]
D[14]
D[66]
D[51]
D[34]
D[20]
D[6]

D[69]
D[50]
D[34]
D[13]
D[69]
D[49]
D[34]
D[13]
D[70]
D[50]
D[35]
D[14]
D[66]
D[50]
D[32]
D[13]
D[66]
D[50]
D[32]
D[12]
D[67]
D[51]
D[33]
D[13]

332 > > > > > > > > > > > > > > > > D> > > D> > > > > >

D[67]
D[50]
D[31]
D[12]
D[65]
D[48]
D[32]
D[18]
D[1]

D[68]
D[48]
D[33]
D[12]
D[64]
D[48]
D[30]
D[11]
D[65]
D[49]
D[31]
D[12]
D[65]
D[49]
D[31]
D[11]
D[65]
D[48]
D[29]
D[10]
D[66]
D[49]
D[30]
D[11]

32> > > > > > > > > > > > > > > > > >> > > >D> > > > > > >

T0
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Burst Ordering (2 tcy)

D[66]
D[49]
D[30]
D[8]

D[63]
D[46]
D[30]
D[17]
D[O];
D[63]
D[47]
D[29]
D[10]
D[63]
D[47]
D[29]
D[9]

D[64]
D[48]
D[30]
D[10]
D[64]
D[47]
D[28]
D[9]

D[64]
D[47]
D[28]
D[6]

D[65]
D[48]
D[29]
D[7]

Pin 0 1 2 3 4 5 6 7
DQO 1123 (4|5|6]7
DQ1 9 |10 |11 |12 |13 |14 | 15
DQ2 16 |17 {18 | 19 | 20 | 21 | 22 | 23
DQ3 24 | 25126 |27 |28|29]|30| 31
DQ4 3213334 (35|36|37|38]| 39
DQ5 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
DQ6 48 149 | 50 | 51 | 52 | 53 | 54 | 55
DQ7 56 | 57 | 58 [ 59 | 60 | 61 | 62 | 63
DBIO_n 64 | 65| 66 | 67 | 68|69 | 70| 71
TO Burst Ordering (2 tcx)  TO +>8 UL

D[64]
D[48]
D[28]
D[7]

D[61]
D[45]
D[29]
D[16]

> > > > > > > >

D[62]
D[46]
D[28]
D[8]

D[62]
D[45]
D[26]
D[7]

D[63]
D[46]
D[27]
D[8]

D[63]
D[46]
D[27]
D[5]

D[62]
D[46]
D[26]
D[5]

D[63]
D[47]
D[27]
D[6]

32> > > > > > > > > > > > > > > D> > > > > D>

Figure 13 — EDC Calculation Matrix (Step 2)

> > > > > > > >

32> > > > > > > > > > > > > > > D> > > > > D>

D[63]
D[45]
D[23]
D[6]

D[60]
D[44]
D[28]
D[15]

D[61]
D[44]
D[25]
D[6]

D[61]
D[44]
D[25]
D[3]

D[62]
D[45]
D[26]
D[4]

D[61]
D[45]
D[25]
D[4]

D[61]
D[43]
D[21]
D[4];
D[62]
D[44]
D[22]
D[5];

D[60]
D[43]
D[21]
D[O];
D[57]
D[43]
D[24]
D[14]

> > > > > > > >

D[60]
D[43]
D[24]
D[2]

D[59]
D[43]
D[23]
D[2]

D[60]
D[44]
D[24]
D[3]

D[60]
D[42]
D[20]
D[3];
D[58]
D[41]
D[19]

22> > > > > > > > > > > > > > > >

A D[59]
A D[42]
A D[20]

> >

>

22> > > > > > > > > > > > > > > > >

>

> >

D[56]
D[40]
D[19]

D[56]
D[41]
D[23]
D[13]

D[58]
D[42]
D[22]
D[1]

D[58]
D[40]
D[18]
D[1];
D[59]
D[41]
D[19]
D[2];
D[57]
D[40]
D[18]

D[54]
D[38]
D[17]

D[55]
D[39]
D[18]

A D[54]

>

> > > > > > > > > > >

>

D[39]
D[18]

D[55]
D[39]
D[22]
D[12]

D[57]
D[39]
D[17]
D[O];
D[55]
D[38]
D[16]

D[56]
D[39]
D[17]

~ D[53]

D[37]

~ D[16]

A D[52]

D[37]

~ D[16]

D[53]
D[38]
D[17]

Tt 8 U.L

>

> > > >

Page 17
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3.8
3.8.1

ERROR DETECTION CODE (EDC) (cont’d)

EDC Pin Special Function Overview

The EDC pin is used for many different functions. The behavior of the EDC pin in various modes is

summarized in Table 7.

Table 7 — EDC Pin Behavior

DEVICE STATUS CONDITION EDC[3:0] PIN STATUS
RESET_n=Low High-Z
Device power-up RESET_n = High; no WCK clocks High
RESET_n = High; stable WCK clocks |EDC hold pattern (default=1111)
Address training ADT on (MR15 A10=1) A14/A15 address inputs
WCK is sampled High High
WCK2CK training
WCK is sampled Low Low
EDC13 INV off (MR4 A1l =0) EDC hold pattern
Idle EDCO, EDC2: EDC hold pattern
EDCI3INV on (MR4 A1l =1) EDC1, EDC3: inverted EDC hold pattern
WRCRC on (MR4 A10 =0) CRC data
WRITE burst
WRCRC off (MR4 A10=1) EDC hold pattern
RDCRC on (MR4 A9 =0) CRC data
READ or RDTR burst
RDCRC off (MR4 A9=1) EDC hold pattern
LDFF WRCRC + RDCRC both on or both off| EDC hold pattern
WRTR burst - EDC hold pattern
WCK enabled (MR5 A1 =0) EDC hold pattern
Power-down
WCK disabled (MR5 A1 =1) High
Self refresh - High
READ burst in RDQS _ Fixed 1010 strobe pattern
mode RDQS mode on (MR3 A5 =1) (DDR mode only)
Vendor ID mode WCK is stable EDC hold pattern
EDC High-Z on (MR8 A2 =1) High-Z
All except reset

VREFD Monitor on (MR8 A7 =1)

internal Vgggp voltage level
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3.9 VREFC and VREFD

The GDDR5X SGRAM offers multiple options for the reference voltages for address/command (Vgggc)
and data inputs (Vgggp)-

3.9.1 Reference Voltage for Address/Command Inputs (Vgggc)

The reference voltage for the address/command inputs (Vgggc) can be supplied via the external VREFC

pin or be generated internally as illustrated in Figure 14. The selection is made with the rising edge of
RESET_n: the device selects internal Vrgrc with a default level of 0.7 x Vppg when the VREFC pin is

pulled Low in the system; otherwise external Vgggc is selected.

Half VREFC mode enables the Viggc level to be adjusted when the ADD/CMD inputs operate without
termination. When bit A6 in MR7 is set to 1, a level of nominally 0.5 x Vppq is generated. The maximum
operating frequency for this mode is defined by fcxvrerca- A Half Vigrc mode reference voltage change
requires tyrggcs to settle.

ADD/CMD X +[>

0.7 x Vpbpo

0.5 x Vbpo
o—@—,_?

Half
VREFC
(MR7 A6)

0
VREFC X O | VREFC
0: Vrerc= Vss 11 Source
1: Vrerc> 0.3 x Vppo
> D Q

RESET n X

Figure 14 — VREFC Options

3.9.2 Reference Voltage for Data Inputs (Vgggp)

The reference voltage for the DQ and DBI_n inputs (Vgrgpp) is generated internally, and separate Vygg
circuits are associated with each data byte.

The Vggpp level is linear with a nominal step size of 1/210 x Vppq in a range from 0.55 x Vppq to 0.85 x
Vppg as illustrated in Figure 16 and Table 8, and must be set by programming bits A[11:0] in MR6 and bits
A[11:0] in MR9 as shown in Table 10. The Vigpp settling time tyrggp 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 Vggrp
voltage has been reached as illustrated in Figure 17.

Half VREFD mode enables the Vggpp level to be adjusted when the DQ and DBI_n inputs operate without
termination. When bit A7 in MR7 is set to 1, a level of nominally 0.5 x Vppq is generated. The maximum
operating frequency for this mode is defined by fcxyrgrpy. A Half VREFD mode reference voltage change
requires tyrgrp; to settle.

VREF C2D mode enables a backup solution for external VREFD. When bit A6 in MR8 is set to 1, an
internal bridge is enabled that connects both Vggpp circuits with the Viggc circuit and further with the

external VREFC pin. VREF C2D mode requires that external Vgggc is selected at power-up.
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3.9.2 Reference Voltage for Data Inputs (Vgggp) (cont’d)

VREFD Monitor mode allows the observation the internal Vigrp voltages at the EDC pins of both double
bytes. The mode is controlled by bit A7 in MR8. The settling time is longer than t\;gp and depends on the

external capacitve load at the EDC pins.

DQ, DBIL n @ ™
0.55 .. 0.85 x Vppo
(Programmable) Half
VREFD
(MR7 A7) ¢
.5 x Vppo
0—@—,_(1) —9 VREF
L C2D
= (MRS A6)
VREFC X
Figure 15 — VREFD Options
Table 8 — VREFD Level
VREFD Level Code VREFD Level
MR6 A[11:6] / MR9 A[11:6] . o . .

MR6 A[5:0] / MR9 A[5:0] Decimal| % Vbbo Divider | Vggrp [V]
111111 63 0.852 179 /2 10 1.151
111110 62 0.848 178 /210 1.144
111101 61 0.843 177 /210 1.138
100001 33 0.710 149 /210 0.958
100000 32 0.705 148 /210 0.951
011111 31 0.700 147 /210 0.945
011110 30 0.695 146 /210 0.939
011101 29 0.690 145 /210 0.932
000010 2 0.562 118 /210 0.759
000001 0.557 117 /210 0.752
000000 0 0.552 116 /210 0.746
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3.9.2 Reference Voltage for Data Inputs (Vyggp) (cont’d)

v 210 209 180
0 O—— J— 3 —h

oT0—
179|j &
oo
178 D 62
¢+—» Vrerp
oo
117 1
O
116 0

1 2. 115

Figure 16 — VREFD Circuit
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I tvRrerD

Time

Figure 17 — VREFD Settling Time
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3.10 TEMPERATURE SENSOR

GDDR5X SGRAM s incorporate a temperature sensor with digital temperature readout function. This
function allows the controller to monitor the device’s junction temperature and use this information to
make sure 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 mode feature. The digital value is driven asynchronously
on DQ[7:0] following the MRS command to MR3 that sets bit A7 to 1 and bit A6 to 0. The temperature
readout is continuously driven until an MRS command sets both bits to 0.

The device’s junction temperature is linearly encoded as shown in Table 9 and Figure 18. The sensor’s
accuracy is vendor specific.

Table 9 — Temperature Sensor Readout Pattern

TEMPERATURE [°C] DECIM 1?{];5 Xlg\g){;}g%{ ATURE BINARY TEMP;Z::;TOT.]JRE READOUT
-40 0 0000 0000
0 20 0001 0100
2 21 0001 0101
4 22 0001 0110
6 23 0001 0111
8 24 0001 1000
120 80 0101 0000
>120 80 0101 0000
Decimal
Read-out
80 T \ T \ 1 T [
70 1+ | | | \ \ \ \
ol 1 1 1 _ L _ ~ L
sl | | | | | | |
wf
ol | | | \ \ \ \ \
| | \ \ \ \ \
NV — = 7 1T T T T T
101 \ \ \ \ \ \ \
0 f f f f f f f f >
-40 -20 0 +20 +40 +60 +80 +100 +120 Temperature
°C

Figure 18 — Temperature Sensor Readout Characteristic
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311 DUTY CYCLE CORRECTOR (DCC)

The use of the optional Duty Cycle Corrector (DCC) can correct for the static duty cycle error of the WCK
clock, resulting in improved timing margins for Reads and Writes. It is recommended to enable the DCC
prior to the phase search in WCK2CK training because any shift of rising and falling WCK edges can
impact the WCK2CK training results.

DCC operation is controlled by MR7 bits A[11:10]. The duty cycle correction is started by setting bit A10.
The DCC must be held in this state for a minimum duration of tpcc. After tpcc is met, bit A11 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 A11 and A10.

When in the hold state, the DCC remembers its correction code during power-down (with LP2 enabled)
and self refresh. In this case the WCK2CK training time upon power-down exit or self refresh exit is not
gated by tpcc, as the correction code will be automatically restored. Alternatively, a new duty cycle

correction cycle could be started by resetting bit A11.

A new duty cycle correction cycle is required upon a frequency change.

tWCK2MRS  tMRD .
) >

P _ tWCK2TR .| tDCC LK
DCC Enter DCC DCC PLL Exit WCK2CK
reset ~ WCK2CK start hold reset Training
Training Start (sets data synchronizers,
(resets WCK divide-by-2 circuits) WCK2CK Phase Training resets FIFO pointers)

Figure 19 — WCK2CK Training Sequence with DCC
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4 MODE REGISTERS

Sixteen mode registers define the specific mode of operation for the GDDR5X SGRAM. MRO to MR9,
MR11, and MR15 are defined as shown in Figure 20. MR10 is reserved for future use, and MR12 to MR14
are reserved for vendor specific features. Reprogramming the mode registers does not alter the contents of
the memory array.

All mode registers are programmed via the MODE REGISTER SET (MRS) command and retain the stored
information until they are reprogrammed, chip reset, or until the device loses power. Mode registers must
be loaded when all banks are idle and no bursts are in progress; the controller must wait the specified time
tpmrp before initiating any subsequent operations. Violating either of these requirements results in

unspecified operation.

No default states are defined for mode registers except when otherwise noted. Users therefore must fully
initialize all mode registers to the desired values upon power-up or after a subsequent chip reset.

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 0. Bits A[15:12] are not used to
program the mode registers and not shown in subsequent register definitions.

If the user activates bits in an optional field, either the optional field is activated (if option is implemented
in the device) or no action is taken by the device (if option is not implemented).
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4 MODE REGISTERS (cont’d)
BA3 | BA2 | BA1 | BAO | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Write Recovery Write Latency
MRO 0 0 0 0 for Auto Precharge (WR) ™ Read Latency (RLmrs) (WLmrs)
PLL PLL Cal ADD/CMD Data Driver
MR1 0 0 0 1 Reset ABI | WDBI| RDBI DLL | Upd | Termination | Termination Strength
MR2 0 0 1 0 ADD/CMD/CK Data and WCK OCD Pull-up OCD Pull-down
Termination Offset | Termination Offset Driver Offset Driver Offset
WCK RDQS| WCK | WCK | WCK
MR3 0 0 1 1 Bank Groups Termination Info Mode | 2CK | 23mmv | 01y Self Refresh
EDC13| WR | RD CRC Read CRC Write Latency
MR4 |0 | 1 | 0 1 0 J'INV'| CRC | CRC |Latency (CRCRL)  (CRCWL) EDC Hold Pattern
PLL/DLL
MR5 0 1 0 1 RAS RFU | Bandwidth LP3 | LP2 | LP1
(PLLBW)
MR6 0 1 1 0 VREFD Level VREFD Level
Byte 0 (MF=0) / Byte 3 (MF=1) Byte 2 (MF=0) / Byte 1 (MF=1)
Half | Half DQ | Auto | LF PLL | PLL | WCK
MR7 | 0 | 1 1 1 DCC VDD Range | yRgED | VREFC| PreA | Sync | Mode | DelC |FLock | PIN
MRS 1 0 0 0 CK Oper.| Add |VREFD | VREF PLL/DLL |Hiber-| EDC | WR RL
Termination | Mode | Comp | Mon | C2D Range nate | Hi-Z | MSB | MSB
MR9 1 0 0 1 VREFD Level VREFD Level
Byte 1 (MF=0) / Byte 2 (MF=1) Byte 3 (MF=0) / Byte 0 (MF=1)
MR10 | 1 o [ 1] o] Reserved
MRI1 | 1 0 | 1 | 1 | PASRRow Segment Mask PASR 2-Bank Mask
MR12 ‘ 1 1 ‘ 0 ‘ 0 ‘ Reserved for Vendor Specific Features
MR13 ’ 1 1 ’ 0 ’ 1 ’ Reserved for Vendor Specific Features
MR14 ‘ 1 1 ‘ 1 ‘ 0 ‘ Reserved for Vendor Specific Features
MRE | MRE
MR15 1 1 1 1 RFU | ADT MF1 | MFO

Figure 20 — Mode Registers Overview
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4.1 MODE REGISTER 0 (MRO0)

MRO controls operating modes such as write latency, read latency, write recovery and test mode as shown
in Figure 21. The register is programmed via the MRS command with BA[3:0] = 0000.

BA3 | BA2 | BA1 | BAO A7

I N N D R N A

MRO | 0 0 0 0 | o Amgtgrlzgﬁg‘r]geéy(wm TM | Read Latency (RLmrs) Wr(“}gLL;tfsf)wY
- I
l\gI}S A1l | A10 | A9 A8 Write( &«;{c}overy A7 | Test Mode A2 Al A0 WliiésLLI;tlglcy
0 Normal
0 0 0 0 0 4 / optional 1 Tost Mode 0 0 0 RFU
0 0 0 0 1 5 / optional 0 0 1 1/ optional
0 0 0 1 0 6 / optional 0 1 0 2 / optional
0 0 0 1 1 7 [ optional 0 1 1 3 / optional
0 0 1 0 0 8 / optional Please note that 1 0 0 4 / optional
0 0 1 0 1 9 / optional the MSB is located 1 0 1 5 / optional
0 0 1 1 0 | 10/optional | MMRS 1 1 0 | 6/optional
0 0 1 1 1 11 / optional i 1 1 1 7 / optional
0 1 0 0 0 12 / optional v
0 1 0 0 1 13 / optional MRS | . A5 A4 A3 Read Latency
0 1 0 1 0 14 / optional A0 (RLmrs)
0 1 0 1 1 15 / optional 0 0 0 0 0 5 / optional
0 1 1 0 0 16 / optional 0 0 0 0 1 6 / optional
0 1 1 0 1 17 / optional 0 0 0 1 0 7 | optional
0 1 1 1 0 18 / optional 0 0 0 1 1 8 / optional
0 1 1 1 1 19 / optional 0 0 1 0 0 9 / optional
1 0 0 0 0 20 / optional 0 0 1 0 1 10 / optional
1 0 0 0 1 22 / optional 0 0 1 1 0 11 / optional
1 0 0 1 0 24 / optional 0 0 1 1 1 12 / optional
1 0 0 1 1 26 / optional 0 1 0 0 0 13 / optional
1 0 1 0 0 28 / optional 0 1 0 0 1 14 / optional
0 1 0 1 0 15 / optional
1 1 1 0 48 / optional 0 1 0 1 1 16 / optional
1 1 1 1 1 50 / optional 0 1 1 0 0 17 / optional
0 1 1 0 1 18 / optional
T 0 1 1 1 0 19 / optional
Please note that 0 ! ! ! ! 20/ optional
the MSB is located 1 0 0 0 0 21/ optional
in MR8 1 0 0 0 1 22 / optional
1 1 1 0 35 / optional
1 1 1 1 1 36 / optional

Figure 21 — Mode Register 0 (MRO0) Definition
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4.1 MODE REGISTER 0 (MRO) (cont’d)
Write Latency (WLmrs)

The write latency (WLmrs) is the delay in clock cycles used in the calculation of the total write latency
(WL) between the registration of a WRITE or WRTR command and the availability of the first piece of
input data.

WLmrs is specified by bits A[2:0], defining a WLmrs range of 1 to 7 tcx. All WLmrs values are marked as

“optional”, allowing the DRAM vendor to define the minimum and maximum supported WLmrs values;
the supported WLmrs range must be contiguous. The full write latency definition can be found in the
clause entitled OPERATION.

When the write latency is set to small values (i.e., 1,2,... clocks), the input receivers turn off in bank idle and
power-down states only, in turn, raising the average operating power. When the write latency is set to
higher values (i.e., .. 6, 7 clocks) the input receivers turn on when the WRITE or WRTR command is
registered. Refer to vendor datasheets for value(s) of WLmrs where the input receivers only turn on when
the WRITE or WRTR command is registered.

Read Latency (RLmrs)

The read latency (RLmrs) is the delay in clock cycles used in the calculation of the total read latency (RL)
between the registration of a READ or RDTR command and the availability of the first piece of output
data.

RLmrs is specified by bits MR8 A0 and A[6:3], defining a RLmrs range of 5 to 36 t-k. Please note that the

MSB is located in MRS; a read latency change therefore may require two MRS commands. All RLmrs
values are marked as “optional”, allowing the DRAM vendor to define the minimum and maximum
supported RLmrs values; the supported RLmrs range must be contiguous. The full read latency definition
can be found in the clause entitled OPERATION.

Write Recovery for Auto Precharge (WR)
The programmed WR value is used for the auto precharge feature along with tgp to determine tp; .

WR must be programmed with a value greater than or equal to RU{tywg/tck}, where RU stands for round
up, twr is the analog value from the vendor datasheet and tcg is the operating clock cycle time.

WR is specified by bits MR8 A1 and A[11:8], with 1 tcg increments for lower WR values and 2 tg
increments for higher WR values, defining a total WR range of 4 to 50 tcy. Please note that the MSB is
located in MR8; a WR change therefore may require two MRS commands.

All WR values are marked as “optional”, allowing the DRAM vendor to define the minimum and
maximum supported WR values; the supported WR range must be contiguous.

Test Mode

The normal operating mode is selected by issuing an MRS command with bit A7 set to 0, and bits A[11:8]
and A[6:0] set to the desired values. Programming bit A7 to 1 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.
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4.2 MODE REGISTER 1 (MR1)

MR1 controls functions like driver strength, data termination, address/command termination, Read DB,
Write DBI, ABI, control of calibration updates and PLL/DLL as shown in Figure 22. The register is
programmed via the MRS command with BA[3:0] = 0001. Bits A10, A[6:4] and A[1:0] of this register are
initialized with 0.

BA3 | BA2 | BA1 | BAO | A1l | A10 A9 A8 A7 A6

I B S S S S S |

PLL | Cal | ADD/CMD Data Driver
MRI 0 0 0 1 ABL | WDBL| RDBL | 17 | pd | Termination | Termination Strength

! — r .

A1l Pli{Le/g{dL A10 ABI A1l A0 Driver Strength
0 On 0 0 | Auto Calibration On
0 No 1 Off A7 |PLL/DLL 0 1 vendor specific
! Yes 0 Off 1 0 | Nominal (60/40 Q)
i 1 On 1 1 vendor specific
v v v

A9 | Write DBI A8 | Read DBI A6 Calibration A3 A2 Data Termination
0 On 0 On CRia
S 0 0 Disabled
0 n
1 Off 1 Off 0 1 60 O
1 Off
1 0 120 Q
1 1 80 Q
A 4

A5 A4 |ADD/CMD Termination

0 0 CKE_n value at reset
0 1 60 Q

1 0 120 Q

1 1 Disabled

Figure 22 — Mode Register 1 (MR1) Definition

Impedance Autocalibration of Output Buffer and Active Terminator

GDDR5X SGRAMs offer auto calibrating output buffers and on-die terminations (ODT) which enable
driver impedance and terminations to be matched to the system within a given range. To adjust the
impedance, an external precision resistor is connected between the ZQ pin and Vggq. A nominal resistor
value of 120 Q is equivalent to the 40 Q pull-down and 60 Q pull-up nominal impedances of the device.
RESET_n is not internally terminated.

The output driver and on-die termination impedances are updated during all REFRESH (REFAB)
commands to compensate for variations in supply voltage and temperature. The impedance updates are
transparent to the system.
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42. MODE REGISTER 1 (MR1) (cont’d)

Driver Strength

Bits A[1:0] define the driver strength. The auto calibration setting enables the auto calibration functionality
for the pull-down, pull-up and termination over process, temperature and voltage changes.

The design target for the factory setting is 40 Q pull-down, 60 Q) pull-up driver strength with nominal
process, voltage and temperature conditions. The nominal option enables the factory setting for the pull-
down, pull-up driver strength and termination. With this option enabled, driver strength and termination
are expected to change with process, voltage and temperature. AC timings are only guaranteed with auto
calibration enabled.

Data Termination

Bits A[3:2] define the data termination value for the DQ and DBI_n pins in combination with the driver
strength setting. Data termination is disabled by default; it can be set to a value of 60 2, 80 (2 or 120 Q
depending on system conditions. Data termination may also be turned off.

ADD/CMD Termination

Bits A[5:4] define the address/command termination. The default setting (00) provides that the address/
command termination is determined by latching CKE_n on the rising edge of RESET_n. The address/
command termination can also be set to a value of 60 Q2 which is intended for a single loaded system, or
120 Q which is intended for clamshell configurations with two devices sharing a common address/
command bus. The address/command termination may also be turned off.

Calibration Update

The calibration update setting enables the calibration value to be updated automatically by the auto
calibration engine. The function is enabled by default to reduce update induced jitter. The user may decide
to suppress updates from the auto calibration engine by disabling calibration update.

The calibration updates can occur with any REFRESH (REFAB) command. The update is not complete for
a time ty o after the REFRESH command is latched. During this tyg time, only NOP commands may be

issued.
PLL/DLL and PLL/DLL Reset

The use of a PLL or DLL is mandatory in QDR mode and optional in DDR mode. If PLL/DLL-on operation
is desired, the PLL/DLL must be enabled by setting bit A7 to 1.

A PLL/DLL reset is done by turning the PLL/DLL off and then on, or by use of the PLL/DLL reset bit A11.
The PLL/DLL reset bit is self clearing, meaning that it returns to 0 after the PLL/DLL reset function has
been initiated.

RDBI and WDBI

Bit A8 controls the read data bus inversion (RDBI), and bit A9 controls the write data bus inversion
(WDBI). See the Data Bus Inversion (DBI) clause for more details.

ABI

Bit A10 controls the address bus inversion (ABI). ABI is enabled by default. See the Address Bus Inversion
(ABI) clause for more details.
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4.3

MODE REGISTER 2 (MR2)

MR2 defines the output driver (OCD) and termination (ODT) offsets as shown in Figure 23. The register is
programmed via the MRS command with BA[3:0] = 0010.

BA3 | BA2 | BA1 | BAO | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 A1l A0
Y Y Y Y Y Y YYYYYYVY YV Y
MR2 0 0 1 0 ADD/CMD/CK Data and WCK OCD Pull-up OCD Pull-down
Termination Offset Termination Offset Driver Offset Driver Offset
AS | A7 | A6 |p e on Offset Az | ar | oo | OS2 GRe
0 0 0 0 0 0 0 0
0 0 1 +1 0 0 1 +1
0 1 0 +2 0 1 0 +2
0 1 1 +3 0 1 1 +3
1 0 0 -4 1 0 0 -4
1 0 1 -3 1 0 1 -3
1 1 0 -2 1 1 0 -2
1 1 1 -1 1 1 1 -1
h 4 \ 4
ATL| A0 | A9 oo Otiser. | AS | At | A3 | DERTGRE
0 0 0 0 0 0 0 0
0 0 1 +1 0 0 1 +1
0 1 0 +2 0 1 0 +2
0 1 1 +3 0 1 1 +3
1 0 0 -4 1 0 0 -4
1 0 1 -3 1 0 1 -3
1 1 0 -2 1 1 0 -2
1 1 1 -1 1 1 1 -1

Figure 23 — Mode Register 2 (MR2) Definition

Impedance Offsets

The driver and termination impedances may be offset individually for pull-down driver, pull-up driver,
DQ/DBI_n/WCK termination, and address/command/CK termination. The offset impedance step values
may not be linear and vary across DRAM vendors and across PVT. With negative offset steps the driver
strengths is decreased, and Ron and the termination value are increased. With positive offset steps the
driver strengths is increased, and Ron and the termination value are decreased.

IV curves and AC timings are only guaranteed with zero offset.




4.3. MODE REGISTER 2 (MR2) (cont’d)

Autocalibrated
Impedance

2Q Calibration
Engine
120 Q) -

- Auto/Fixed

vendor specific
nominal (60/40)

vendor specific

Vsso

Fixed Impedance

®

Note: sum of offset + auto-
calibrated impedance cannot
exceed maximum/minimum

available impedance steps
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Offset
PU Driver Pull-up
Impedance
Offset
PD Driver Pull-down
Impedance
Offset
ADD/CMD/CK Termination ADD/CMD/CK
Termination

Impedance

Offset

DQ/DBI_n/WCK Termination PQ/DBLn/WCK

Termination
Impedance

Figure 24 — Impedance Offsets
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44 MODE REGISTER 3 (MR3)

MR3 controls functions like self refresh, WCK2CK training, RDQS mode, DRAM info, WCK termination
and bank groups as shown in Figure 25. The register is programmed via the MRS command with BA[3:0] =
0011. Bits A[9:8] of this register are initialized with 0.

BA3 | BA2 | BA1 | BAO A5 A4 A3 A2

I N S S N S SR N

MR3 | 0 | 0 | 1 1| Bank Groups | o oK. Info | RDQS|WEK | WEK | WCK T Self Refresh
Al11 | Al0 Bank Groups RDQS WCK23
= Mode b Invert
0 X |off /tCCDL =2 tcg
0 Off 0 Off
tCCDL=4t
! 0 |on/ cK 1 On 1 On
1 1 |on/tCCDL =3 tcg
v
v WCK2CK WCKO1
A4 o A2
A9 A8 | WCK Termination Training Invert

0 0 Disabled 0 Off 0 Off

0 1 60 0 1 On 1 On

1 0 1200 v

1 1 80 Q Al A0 Self Refresh

0 0 32 ms
v . L
A7 A6 DRAM Information 0 1 vendor specific / opt.
off 1 0 vendor specific / opt.
Vendor ID 1 1 |temperature controlled

Temperature Readout

==l o o
= ol =)o

vendor specific

Figure 25 — Mode Register 3 (MR3) Definition

Self Refresh

The refresh interval in self refresh mode may be set to 32ms, or being controlled by an integrated
temperature sensor. DRAM vendors may support additional settings related to other temperatures.

WCKO01 / WCK23 Inversion

Bits A[3:2] control whether the internal phase should be flipped (inverted) after internally dividing the
WCKO01 and WCK23 clock inputs by 2, corresponding to a 4 UI phase shift in QDR mode and a 2 U.I. phase
shift in DDR mode. The bits are used in conjunction with WCK2CK training mode.

WCK2CK

Bit A4 (WCK2CK) enables and disables the WCK2CK alignment training. For details on this training
sequence, see the clause on TRAINING.

RDQS Mode

Bit A5 enables RDQS mode where the EDC pins act as a read strobe. CRC is not supported in RDQS mode,
and all related bits in MR4 are ignored. See RDQS mode for more details.
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44. MODE REGISTER 3 (MR3) (cont’d)

DRAM Information

Bits A[7:6] enable the DRAM information mode which outputs either the Vendor ID, the device’s junction
temperature or optionally other vendor specific device info. The Vendor ID identifies the manufacturer of
the device, and provides the die revision and memory density.

WCK Termination

Bits A[9:8] define the (single-ended) termination for the WCKO01_t, WCKO01_c, WCK23_t and WCK23_c
pins in combination with the driver strength setting. The termination is disabled by default; it can be set to
a value of 60 O, 80 Q) or 120 Q) depending on system conditions. WCK termination may also be turned off.

Bank Groups

Bit A1l enables the bank groups feature, and bit A10 specifies the min column-to-column command delay
tcepr. With All set to 1, back-to-back column accesses within a bank group have to be spaced by 3 or 4

clocks as defined by bit A10. With A11 set to 0, the bank groups feature is disabled and t-cpp equals tceps.

Parameter fcgpq specifies the maximum CK clock frequency the device may be operated at with the bank
groups feature disabled.

4.5 MODE REGISTER 4 (MR4)

MR4 defines the error detection code (EDC) features as shown in Figure 26. The register is programmed
via the MRS command with BA[3:0] = 0100. Bits A[3:0] of this register are initialized with 1111.

BA3 | BA2 | BA1 | BAO | A11 | Al0 A9

I S D B S S S

EDC13| WR | RD CRC Read CRC Write Latency

MR4 |0 1 0 0 |"INV | CRC | CRC [Latency (CRCRL) (CRCWL) EDC Hold Pattern
All EDC Hold Pattern Invert A3 A2 Al A0 | EDC Hold Pattern
for EDC1 + EDC3

0 0 0 0 Pattern

0 EDC hold pattern not

inverted
1 EDC hold pattern inverted 1 ‘ 1 ‘ 1 ‘ 1 Pattern
Burst Burst Burst Burst-

Pos3 Pos2 Pos1l PosO0
v A 4 <

A10 | WR CRC A9 RD CRC
0 On 0 On
1 Off 1 Off ‘
A6 A5 A4 | CRC Write Latency (CRCWL)
0 0 0 7 | optional
0 0 1 8 / optional
0 1 0 9 / optional
A8 A7 | CRC Read Latency (CRCRL) 0 1 1 10 / optional
0 0 4 / optional 1 0 0 11 / optional
0 1 1/ optional 1 0 1 12 / optional
1 0 2 / optional 1 1 0 13 / optional
1 1 3/ optional 1 1 1 14 / optional

Figure 26 — Mode Register 4 (MR4) Definition
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4.5. MODE REGISTER 4 (MR4) (cont’d)

EDC Hold pattern / EDC13 Invert

The 4-bit EDC hold pattern is considered a background pattern transmitted on the EDC pins. The register
is initialized with 1111. The pattern is shifted from right to left and repeated with every clock cycle. The
output timing is the same as of a READ burst.

CRC bursts calculated from writes or reads replace the EDC hold pattern for the duration of the bursts if
CRC is enabled.

With each MRS command to MR4 that changes bits A[11:9] or A[3:0], the EDC hold pattern will be
undefined for tyrp.

The EDC hold pattern is not transmitted when the device is in address training mode, in WCK2CK
training mode, RDQS mode, self refresh mode, reset state, in power-down state with the LP2 bit set, or
when either EDC High-Z or VREFD Monitor mode are enabled.

With bit A11 set to 1, EDC1 and EDC3 transmit the inverted EDC hold pattern, resulting in a
pseudo-differential pattern. Please note that this function is not available in x16 mode. Bit A11 is ignored
for READ, WRITE and RDTR CRC bursts and the clock phase information in WCK2CK training mode.

Read CRC and CRC Read Latency (CRCRL)

Bit A9 controls the CRC calculation for READ bursts, and bits A[8:7] hold the CRC read latency. When
enabled, the calculated CRC pattern is transmitted on the EDC pins after the CRC read latency. With Read
CRC off, no CRC is calculated for READ bursts, and the EDC hold pattern is transmitted instead.

All CRCRL values are marked as “optional”, allowing the DRAM vendor to define the minimum and
maximum supported CRCRL values; the supported CRCRL range must be contiguous.

Write CRC and CRC Write Latency (CRCWL)

Bit A10 controls the CRC calculation for WRITE bursts, and bits A[6:4] hold the CRC write latency. When
enabled, the calculated CRC pattern is transmitted on the EDC pins after the CRC write latency. With
Write CRC off, no CRC is calculated for WRITE bursts, and the EDC hold pattern is transmitted instead.

All CRCWL values are marked as “optional”, allowing the DRAM vendor to define the minimum and
maximum supported CRCWL values; the supported CRCWL range must be contiguous.
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MR5 defines low power modes, PLL/DLL bandwidth and digital RAS as shown in Figure 27. The register
is programmed via the MRS command with BA[3:0] = 0101.

BA3 | BA2 | BA1 | BAO | A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
PLL/DLL
MR5 0 1 0 1 RAS RFU | Bandwidth | LP3 | LP2 | LP1
(PLLBW)
All | A10 A9 A8 A7 A6 RAS A2 LP3
0 0 0 0 0 0 RFU 0 Off
0 0 0 0 0 1 1/ optional 1 On
0 0 0 0 1 0 | 2/optional \ 4
0 0 0 0 1 1 3 / optional Al LP2
0 0 0 1 0 0 4 / optional 0 Off
0 0 0 1 0 1 5 / optional 1 On
0 0 0 1 1 0 6 tional
/ optiona v
0 0 0 1 1 1 7 | optional A0 LP1
0 0 1 0 0 0 8 / optional 0 Off
0 0 1 0 0 1 9 / optional 1 On
0 0 1 0 1 0 |10/ optional
0 0 1 0 1 1 |11/ optional Y
Al A3 -3dB [MHz] | Peak [MHz] | Peak [dB]
0 0 1 1 0 0 |12/ optional BWsapLL BWpkiL PK;p
0 0 1 1 0 1 |13/ optional 0 0 vendor specific
0 0 1 1 1 0 |14/ optional 0 1 optional
0 0 1 1 1 1 15 / optional 1 0 optional
1 1 optional
1 1 1 1 1 1 |63/ optional

Figure 27 — Mode Register 5 (MR5) Definition

Low Power Modes (LP1, LP2, LP3)

Bits A[2:0] control several low power modes of the device. The modes are independent of each other.

When bit AQ (LP1) is set, several core parameters are relaxed for lower power consumption of the device.

When bit Al (LP2) is set, the WCK receivers may be turned off during power-down.

When bit A2 (LP3) is set, RDTR, WRTR and LDFF commands shall not be issued while a REFRESH
command is being executed.

PLL/DLL Bandwidth

The PLL/DLL bandwidth may optionally be configured to match system characteristics. Each setting
defines a unique combination of -3dB corner frequency, peaking frequency and peaking magnitude. All
values and tolerances are vendor specific. The use of all settings except 000 is optional.
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4.6. MODE REGISTER 5 (MR5) (cont’d)
RAS

RAS must be programmed with a value greater than or equal to RU{tg os/tck}, where RU stands for round
up, tras is the analog value from the vendor datasheet and tcy is the operating clock cycle time. All RAS

values are marked as “optional”, allowing the DRAM vendor to define the minimum and maximum
supported RAS values; the supported RAS range must be contiguous.

If the DRAM vendor does not support the mode register definition of tgsg in clock cycles, the RAS mode
register settings will be ignored.

4.7 MODE REGISTER 6 (MR6)

MR6 controls Vgggp levels for two of the two of the four data bytes as shown in Figure 28. The register is
programmed via the MRS command with BA[3:0] = 0110.

BA3 | BA2 | BA1 | BAO

N N

MR6 0 1 1 0 VREFD Level VREFD Level
Byte 0 (MF=0) / Byte 3 (MF=1) Byte 2 (MF=0) / Byte 1 (MF=1)
VREFD VREFD
A1l | A10 A9 A8 A7 A6 Level A5 A4 A3 A2 Al A0 Level
see VREFD section see VREFD section

Figure 28 — Mode Register 6 (MR6) Definition

Input Reference Voltage for DQ and DBI_n Pins
Separate reference voltage circuits are associated with each data byte (see VREFD clause). Register bits in
MR6 and MR9 (see MODE REGISTER 9 (MR9)) control the Vigpp level as summarized in Table 10; the bits

are associated with the physical location of the data bytes (see BALLOUT). It is pointed out that in x16
(clamshell) mode it is required to use the Mode Register 0-14 Enable (MRE) bits in MR15 to selectively
program the Vzggp levels either for the non-mirrored or the mirrored device.

Table 10 — Vygpp Level Control

Byte Active
Pin Group D(:;\t/IaFE())r)t € D(:;\t/IaFE{)t € Control Bits = Modz’ T
Rows B to G, columns 3 + 4 Byte 0 Byte 3 MR6 A[11:6] Yes Yes
Rows B to G, columns 11 + 12 Byte 1 Byte 2 MR9 A[11:6] Yes No
Rows N to V, columns 11 + 12 Byte 2 Byte 1 MR6 A[5:0] Yes Yes
Rows N to V, columns 3 + 4 Byte 3 Byte 0 MR9 A[5:0] Yes No
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4.8 MODE REGISTER 7 (MR7?)

MR? controls functions like the WCK alignment point, PLL fast lock, PLL delay compensation, low
frequency mode, auto synchronization, DQ preamble, half VREFC, half VREFD, VDD range and DCC as
shown in Figure 29. The register is programmed via the MRS command with BA[3:0] = 0111.

BA3 | BA2 | BA1 | BAO A7 A6 A5 A4 A3 A2 Al A0

I A N A N A R

Half | Half | DQ | Auto | LF PLL | PLL | WCK

MR7 |0 1 1 1 VDD Range | yRgED | VREFC | PreA | Sync | Mode | DelC |FLock | Pin
A1l | A10 DCC A7 Half VREFD A2 PLL Dela
Compensation
0 0 DCC off / optional 0 0.7 * VDDQ
0 Off
0 1 DCC start / optional 1 0.5* VDDQ
1 0 RFU ! On
_ h 4
1 1 DCC hold / optlonal A6 Half VREEFC v
0 0.7 * VDD PLL
£ Q il Fast Lock
1 0.5* VDDQ
A9 | A8 VDD Range 0 Off
0| o Default v 1 On
elau A5 DQ Preamble
0 1 Lower than ‘00" / opt. 0 Off v
1 0 Lower than ‘01’ / opt. 1 on A0 ' WCK2CK '
1 1 |Lower than ‘10" / opt. Alignment Point
0 PD inside DRAM
¢ v 1 PD at pins
WCK2CK Low Frequency
A% | Auto Sync = Moge
0 Off 0 Off
1 On 1 On

Figure 29 — Mode Register 7 (MR7) Definition

WCK2CK Alignment Point (WCK PIN)

Bit AO defines the position of the alignment point between CK and WCK clocks. When set to 0, the
alignment point will be located at the phase detector inside the GDDR5X SGRAM. When set to 1, the
alignment point will be located at the CK and WCK pins. The maximum CK clock frequency in PIN mode
is specified by fcxpin-

PLL Fast Lock

When enabled by bit Al, the PLL’s lock time is reduced to tgy i at the expense of a higher power
consumption. The bit may be reset once the PLL has locked. PLL Fast Lock is optional.

PLL Delay Compensation
When enabled by bit A2, the PLL’s feedback path has a delay equivalent to the WCK clock tree delay.
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4.8. MODE REGISTER 7 (MR?7) (cont’d)

Low Frequency Mode

When Low Frequency Mode is enabled by bit A3, the power consumption of input receivers and clock
trees is reduced. The maximum operating frequency for this low frequency mode (fci ) is given in the

vendor’s datasheet.

WCK2CK Auto Synchronization

GDDR5X SGRAMs support a WCK2CK automatic synchronization mode that eliminates the need for
WCK2CK training upon power-down exit or for reducing WCK2CK training time at low frequency. This
mode is controlled by bit A4. For a detailed description see WCK2CK Auto Synchronization in the clause
entitled WCK2CK Training.

DQ Preamble

When enabled by bit A5, non-gapless READ bursts are preceded by a fixed DQ preamble on the DQ and
DBI_n pins of 1 tcg duration. The programmed READ latency does not change when DQ preamble is

enabled. The pattern is not encoded with RDBI, however, if RDBI is disabled, the DBI_n pins do not toggle
and drive a HIGH.

DQ preamble is supported in QDR mode only; it must be disabled in DDR mode.

Half VREFC and Half VREFD

Bits A6 controls Half VREFC and bit A7 controls Half VREFD. The bits shall be used to adjust the Vggr
level in case the device is operated without termination. See VREFC and VREFD clause for more details.

VDD Range

Bits A[9:8] are used to adapt DRAM characteristics like internal supply voltages when the actual Vpp, is
lower than the default operating range. The default 00 setting represents the highest Vpp supply voltage
range supported by the device which typically is 1.35V. All other field values are optional, and the VDD
ranges of the optional fields represent voltage ranges lower than the default range in a decreasing voltage
order. The actual Vpp supply voltage ranges itself are vendor specific.

The bits must be set during device initialization prior to WCK2CK training. GDDR5X SGRAMs
supporting multiple voltage and requiring the use of the VDD range must tolerate power-up with a VDD
range setting that does not correspond to the actual supply voltage; this includes that the device must be
able to execute the MRS command that sets VDD range to the correct value while being operated with an
incorrect VDD range setting.

Duty Cycle Correction (DCC)

Bits A[11:10] 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. See the clause entitled Duty Cycle Correction (DCC)
for more details.
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4.9 MODE REGISTER 8 (MRS)

MRS controls functions like the MSBs for read latency (RLmrs) and write recovery (WR), EDC High-Z,
Hibernate self refresh, PLL/DLL range, VREF C2D, VREFD monitor, address compatibility mode, QDR/
DDR operating mode, and CK termination as shown in Figure 30. The register is programmed via the MRS
command with BA[3:0] = 1000. Bits A[11:10] of this register are initialized with 0.

BA3 | BA2 | BA1 | BAO | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
MRS 1 0 0 0 CK Oper. | Add |VREFD | VREF | PLL/DLL |Hiber-| EDC RL
Termination | Mode | Comp | Mon | C2D Range nate | Hi-Z MSB MSB
All | A10 | CK Termination Operating VREF Hiber- EDC
= Mode A6 | cp A3 hate High-Z
0 0 CKE_n at reset o
0 DDR 0
0 1 600 : = : - 0 Off 0 Off
1 0 1200 Q n 1 On 1 On
1 1 Disabled +
* A5 A4 PLL/DLL Range
Ag | Address Compatibility A 4 ; 0 0 Range 0/ optional
Mode A7 | VREFD Monitor 0 1 Range 1/ optional
0 Off 0 Oft 1 0 | Range 2/ optional
1 On 1 On 1 1 Range 3 / optional

Figure 30 — Mode Register 8 (MR8) Definition

RL MSB and WR MSB

Bits A0 and A1 define the MSB for the read latency (RLmrs) and the write recovery (WR), respectively. See
MRO for more details.

EDC High-Z

With bit A2 set to 1, the EDC pins are in High-Z state. The EDC High-Z function takes precedence over all
other features that define the EDC pin’s data pattern.

Hibernate Self Refresh

With bit A3 set to 1, the device enters Hibernate self refresh mode with the next SELF REFRESH ENTRY
command. The bit is self-clearing.

PLL/DLL Range

Bits A[5:4] may be used to adapt the PLL/DLL characteristics to distinct minimum-to-maximum WCK
frequency ranges. All settings and associated WCK frequencies are vendor specific. The DRAM vendor
specifications should be consulted for more details.

VREF C2D

Bit A6 enables an internal bridge between the Vigpc and Vyggp circuits that allows an external Viggp
voltage to be supplied via the VREFC pin. See the VREFD clause for more details.

VREFD Monitor

Bit A7 controls the VREFD Monitor mode which allows the observation of the internal Vggpp voltage at
the EDC pins of both double bytes. See the VREFD clause for more details.
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4.9. MODE REGISTER 8 (MRS8) (cont’d)
Address Compatibility Mode (Add Comp)

Bit A8 enables the address compatibility mode. The column address received on address inputs A[5:0] is
internally used as CAL and CAU in this mode. This mode is intended for controllers that do not support
different column addresses CAL and CAU. See the ADDRESSING clause for more details.

Operating Mode
Bit A9 selects between DDR and QDR operating modes.

CK Termination

Bits A[11:10] define the (single-ended) termination for the CK_t and CK_c pins. The default setting (00)
provides that the CK termination is determined by latching CKE_n on the rising edge of RESET_n. The CK
termination can also be set to a value of 60 {2 which is intended for a single loaded system, or 120 Q which
is intended for clamshell configurations with two devices sharing a common CK clock. The CK
termination may also be turned off.

410 MODE REGISTER 9 (MR9)

MR controls Viggp levels for two of the four data bytes as shown in Figure 31. The register is
programmed via the MRS command with BA[3:0] = 1001.

BA3 | BA2 | BA1 | BAO

N

VREFD Level VREFD Level
MR9 |1 0 0 1 Byte 1 (MF=0)/ B;t‘;ez (MF=1) Byte 3 (MF=0) / B;t‘;eo (MF=1)
VREFD VREFD
All | A10 A9 A8 A7 A6 Level A5 A4 A3 A2 Al A0 Level
see VREFD section see VREFD section
Figure 31 — Mode Register 9 (MR9) Definition
Please refer to MODE REGISTER 6 (MR6) for details.
411 MODE REGISTER 10 (MR10)
MR10 is reserved. The register is programmed via the MRS command with BA[3:0] = 1010.
BA3 | BA2 | BA1 | BAO | A1l | A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
MRIO| 1 | 0 | 1 | 0 | Reserved

Figure 32 — Mode Register 10 (MR10) Definition
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412 MODE REGISTER 11 (MR11)

MR11 defines row segment and 2 banks mask for the Partial Array Self Refresh (PASR) as shown in Figure
33. The register is programmed via the MRS command with BA[3:0] = 1011.

A2 Al A0

¢¢¢¢¢¢¢TTTTTT¢¢¢

MRI1 | 1 PASR Row Segment Mask | PASR 2-Bank Mask
A[11:0] PASR Mask (all bits)
0 Refresh enabled (= unmasked, default)
1 Refresh blocked (= masked)
X Don’t Care for the particular segment or banks

Mode | 4Gb (6Gb (*)| 8Gb 12Gb (*) 16 Gb

PASR R&V:siesment x32 |A[12:111|A[13:12]| A[13:12]| A[14:13] | A[14:13]

All | A10 | A9 | A8 x16 | A[13:12]| A[14:13] | A[14:13] | A[15:14] | A[15:14]

X X X 1 Segment 0 00

X X 1 X Segment 1 01

X 1 X X Segment 2 10

1 X X X Segment 3 11

(*): no memory present for row segment 3. v
A7 A6 A5 A4 A3 A2 Al A0 PASR 2 Banks Mask

X X X X X X X 1 Banks 0 and 1
X X X X X X 1 X Banks 2 and 3
X X X X X 1 X X Banks 4 and 5
X X X X 1 X X X Banks 6 and 7
X X X 1 X X X X Banks 8 and 9
X X 1 X X X X X Banks 10 and 11
X 1 X X X X X X Banks 12 and 13
1 X X X X X X X Banks 14 and 15

Figure 33 — Mode Register 11 (MR11) Definition

Partial Array Self Refresh (PASR)

Bits A[11:8] define the row segment mask and bits A[7:0] define the 2 banks mask for the Partial Array Self
Refresh (PASR) feature. The default 0 setting enables the refresh, and the 1 setting blocks the refresh for
the selected row segment or 2 banks. An example of how the bits can be used to mask banks and row
segments from refresh can be found in the Partial Array Self Refresh (PASR) clause.

413 MODE REGISTERS 12 TO 14 (MR12, MR13, MR14)

MR12, MR13, and MR14 is reserved for vendor specific features. The registers are programmed via the
MRS command with BA[3:0] = 1100, 1101 and 1110, respectively.
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414  MODE REGISTER 15 (MR15)

MR15 controls address training mode and access to Mode Registers 0 to 14 (MRE) as shown in Figure 34.
The register is programmed via the MRS command with BA[3:0] = 1111.

MR15 is a special register that operates in SDR addressing mode and latches data on the rising edge of
CK_t. Therefore nothing is latched on the rising edge of CK_c as shown in Figure 34. Increased address
setup and hold times are assumed to ensure the MRS command to this register is successful while address
training (ADT) has not taken place and the integrity of DDR addresses may not be guaranteed.

BA3 | BA2 | BA1 | BA0O | A11 | Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Y Y Y vy v vy

MRE | MRE
MR15 1 1 1 1 RFU | ADT MF1 | MFO0

—— 4 !

A10 |Address Training (ADT) A9 |MRO0-14 Enable for MF=1 A8 |[MRO0-14 Enable for MF=0

0 Off 0 Enabled 0 Enabled
1 On 1 Disabled 1 Disabled

Figure 34 — Mode Register 15 (MR15) Definition

Address Training (ADT)
Address training mode is enabled and disabled with bit A10.

Mode Register 0-14 Enable (MRE)

When disabled by bit A8 (for devices configured as MF=0) or bit A9 (for devices configured as MF=1), the
device will ignore any MRS command to registers MR0O to MR14 as shown in Figure 35. MRS commands to
MR15 are not affected and are always executed. This function allows for the individual configuration of
two devices sharing a common address bus.

Devices A +B Device A Device B
Mode Registers Accessible Mode Registers Accessible Mode Registers Accessible
(MR15 A8=0, A9=0) (MR15 A8=0, A9=1) (MR15 A8=1, A9=0)
Device A Device B Device A Device B Device A Device B
MF=0 MF=1 MF=0 MF=1 MF=0 MF=1
MRO MRO MRO MRO
to to to to
MR14| [MR14 MR14 MR14
MR15| [MRI15 MR15| [MR15] [MR15] [MR15

Figure 35 — Mode Register Enable
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5 DEVICE INITIALIZATION

5.1 POWER-UP SEQUENCE

GDDR5X SGRAMSs must be powered up and initialized in a predefined manner. Operational procedures
other than those specified may result in undefined operation. The mode registers do not have reset default
values, except for ADD/CMD, CK, WCK and data termination, ABI, the EDC hold pattern and PASR. If
the mode registers are not set during the initialization sequence, it may lead to unspecified operation.

1. Apply power to Vpp. Apply power to Vpp at the same time or after power is applied to Vpp. Apply
power to Vppq at the same time or after power is applied to Vpp. Vpp must be equal to or higher than
Vpp at all times the device is powered up.

2. Apply Vgggc at same time or after power is applied to Vppg, or pull the VREFC pin Low to select
internal VRggc.

3. The voltage levels on all signal pins must be less than or equal to Vpp and Vppg on one side and must
be larger than or equal to Vgg on the other side.

4. Assert RESET_n Low to ensure all drivers are in High-Z and all ODT are off. Maintain RESET_n Low
for a minimum time of tyT1-

5. Assert and hold NOP command. Assert CKE_n Low or High for the desired ADD/CMD and CK ODT
at least a time of tyrg before RESET_n is pulled High. At the same time pull EDC1 (with MF=0; pin is

EDC2 with MF=1) High for x32 mode or Low for x16 mode. Drive CK_t, WCK_t to static Low level,
and CK_c, WCK_c to static High level.

6. After RESET_nis pulled High, maintain CKE_n and EDC1 (with MF=0; pin is EDC2 with MF=1) stable
for a minimum time of trg.

7. Pull CKE_n Low after taryy is satisfied. The device performs the initial impedance calibration during
this time; this will be done without external clocks. Latest after tynro the device enables the CK and
ADD/CMD ODT as determined by CKE_n in steps 5 and 6.

8. Provide a stable CK clock for a minimum of tyyr3 cycles.
9. Issue a PRECHARGE ALL command followed by NOP commands until tgp is satisfied.

10. Issue MRS command to MR15 to set the GDDR5X SGRAM into address training mode (optional).
11. Complete address training (optional).

12. Issue MRS command to read the Vendor ID.

13. Issue MRS command to set WCK termination values.

14. Provide stable WCK clocks.

15. Issue MRS commands to the mode registers in any order to select QDR or DDR operating mode, PLL/
DLL on/off mode, the position of the WCK2CK alignment point, and to set WLmrs, RLmrs, CRCWL
and CRCRL to appropriate values. All these features must be programmed before WCK2CK training,
and tyrp must be met during this procedure.

16. Issue two REFRESH commands followed by NOP until tggc is satisfied.

17. After any necessary training sequences such as WCK2CK training, READ training (LDFF, RDTR) and
WRITE training (WRTR, RDTR), the device is ready for normal operation.

Table 11 — Address/Command and CK ODT

CKE_n AT RESET_n HIGH TRANSITION VALUE
Low 7Q/2=60Q
High 7ZQ=120Q
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5.1 POWER-UP SEQUENCE (cont’d)
—% § § % 5 ) %
Vbb, VbbQ
« « I(d « &« &« « «
U P4 A PA » » » )
Vrp
« {« { Q € &« « (4
VREFC (*) U P4 LU pA pA pJ A pJ
ATS tATH
— =2 § § § § §
RESET_n
{ I
RJ P
¢
- 1200hm
CKE_n () 60 Ohm « « « « «
‘ » P4 » R 7
CK_c « « - Ja— e — J— S
N SNEe et Tees e D
[ L L 3 \
CMD ) NOP X PREALL Y NOP X' TRANQG/MRS ¥ AC. ¥ AC }g
T T T T ] /7 T ¢
| L | | L . |
ADD g ) X TRANgRG/ viks X XaDD{ARD{AD0KA0)
‘ | | i : : T 7 :
DQ, DBI_n, },) : )l : } D L 3 9 9
S TRAINIG /MRS X
EDC[3:2,0] . ‘ X /
| ! = \ 4
EDCI (**) 320
Weke § 5
WCK_t § ) )
“ Ayl dl o
[ L) Y L) L)
HINIT1 tINIT2 tINIT3 tRP Execution of steps 10-17

K Voltages stable

in power-up sequence
A.C. = Any command

(*)  Pull Vggge pin to Vsg to select internal Vgggc. [] Don't Care
(**) Drive CKE_n High or Low to select default ADD/CMD and CK ODT.
(**) MF=0 ballout assumed. Pin is EDC2 with MF=1.
Figure 36 — Power-up Initialization
Table 12 — Device Initialization Timings
VALUES
PARAMETER SYMBOL UNIT | NOTES
MIN MAX

RESET_n initial low time after power-up tINITI 200 - s
CKE_n and EDC1/2 (x32/x16 mode select) setup time ¢ 10 B ns
before RESET_n de-assertion ATS
CKE_n and EDC1/2 (x32/x16 mode select) hold time ¢ 10 B
after RESET_n de-assertion ATH ns
Time after RESET_n de-assertion before starting the
C11r<1nCl (a)\Ck T _n de-assertion before starting - 500 B us
Stable CK clock cycles before issuing valid
commands tiNiTs 100 B tek
RESET_n low time with stable power trES 100 - ns
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The following sequence is required for reset subsequent to power-up initialization. This requires that the
power has been stable within the specified Vpp, Vppg and Vpp ranges since power-up initialization (see

Figure 36):

1. Assert RESET_n Low anytime when reset is needed.

2. Maintain RESET_n Low for a minimum time of tggs.

3. Assert and hold NOP command. Assert CKE_n Low or High for the desired ADD/CMD and CK ODT
at least a time of tppg before RESET_n is pulled High. At the same time pull EDC1 (with MF=0; pin is
EDC2 with MF=1) to the same level as during power-up initialization as device functionality is not
guaranteed if the I/O width changes. Drive CK_t, WCK _t to static Low level, and CK_c, WCK_c to
static High level.

4. Continue with step 6 of the power-up initialization sequence.

Vob, Vbpg

CKE_n (**)

CK_c
CK_t

CMD

ADD

DQ, DBLn,
EDC[3:2,0]

EDCI ()

WCK_c
WCK_t

@]
")

(4 {« I « « a « «
) p) ) ) D) ) )
« (4 I(d « « a « «
P » ) ) D) ) )
« (d [(d « € I « «
A D) ) » » ) P
tATS tATH
i »'d »
R {« { Q { {«
P pJ p)J Pl P pJ
{ I
Pl Pl
(4 (¢
120 Ohm
S 60 Ohm « « « « «
‘ (¢ (
‘ 7 4
{ {4
) NOP 22 XPREALL NOP X TRAn\uPBG/MRs X AC AC. Zg
7 7 T 24 T T 24 T
! ! 1 1 1 I
‘ G : : : : « [ ‘
) X TRAINRG ks X XADDAREKADDXARD)
‘ | | | | i 7 1
L, ! : l « l [ : «
S §
) X TRAIN[EBG/MRS X
) T T P4 T T 7 7
‘ {{ : (L : {C : & : {C 1 re
x32
Xi6 X TRANRIG /virs X
‘ 2 P4 4 2
' § § § S
{« {« {« 1 s [ LI
‘ » D D
»i gl dl 'l '
Ll ) - LY L) Lt
tRES tINIT2 tINIT3 tRP Execution of steps 10-17

Pull Vigpc pin to Vgg to select internal Vyggc.
Drive CKE_n High or Low to select default ADD/CMD and CK ODT.

(***) MF=0 ballout assumed. Pin is EDC2 with MF=1.

in power-up sequence
A.C. = Any command

D Don't Care

Figure 37 — Initialization with Stable Power
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5.3 VENDOR ID

GDDR5X SGRAMs include a Vendor ID feature that allows the controller to receive information from the
device to differentiate between different vendors and different devices using a software algorithm.

When the Vendor ID function is enabled the GDDR5X SGRAM will provide its Manufacturers Vendor
Code, Revision ID and density on the two bytes that are enabled in x16 mode as shown in Table 13. The
FIFO depth is fixed to 6 and not included in the Vendor ID.

Vendor ID is part of the INFO field of Mode Register 3 (MR3) and is selected by issuing a MODE
REGISTER SET command with MR3 bit A6 set to 1, and bit A7 set to 0. MR3 bits A[5:0] and A[11:8] are set
to the desired values. Additional information can optionally be provided by the vendor using the vendor
specific settings on the INFO field and will follow the same protocol as vendor ID unless explicitly stated
in the vendor data sheet.

The Vendor ID will be driven onto the DQ bus after the MRS command that sets bits A6 to 1 and A7 to 0.

The DQ bus will be continuously driven until an MRS command sets MR3 A6 and A7 back to 0 to disable
the INFO field or to another valid state for the INFO field if the INFO field includes support for additional
vendor specific information. The DQ bus will be in ODT state after tyygpopr(max). The code can be

sampled by the controller after waiting twrpon(max) and before tyripopr(min). DBI is not enabled or
ignored during all Vendor ID operations.

The EDC hold pattern is continuously driven on the EDC pins provided a stable WCK clock is applied.

Table 13 — Vendor ID to DQ Mapping

Bits 5|1 |2[un|w|o |87 |65 ]a]3]2]1]0
q Manufacturers
Function » LI ” Density Revision ID Vendor Code
(“111117) see Table 15
see Table 14
MF=0 DQJ23:19] DQ[18:16] DQ[7:4] DQ[3:0]
MF=1 DQ[15:11] DQ[10:8] DQ[31:28] DQ[27:24]

Table 14 — Manufacturers Vendor Code

Manufacturer’s Name

Samsung
SK hynix

Micron

=R K= ]

2 1 0
0 0 1
1 1 0
1 1 1

all others Reserved

Table 15 — Density

Density
4Gb
6 Gb
8 Gb
12Gb
0 16 Gb

all others Reserved

Ll Bl =N =N V-]

—|lOo|lOo|O| O
OlmR|O|=|O| ®
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5.3 VENDOR ID (cont’d)

CK ¢
CK_t

\ J‘ | \
CMD )( NOP)O( MRS NOP)Q( NOP)@( NOP)O( NOP)O( MRS )O( NOP)CX NOP)ZZ;X NOP)O( NOPX:
BA%?‘X% ..@@... l

AXOAAT? II@@I.‘ ¢

. A l tVYRIDC?N m?X 1 L p BWRIDOFE(MI) ~0ns | |
DQ ) Vendor ID
[N N VSAFRAT IV | W | G| W W N | W | W W W WO | W WY W W | W WP W N WP L

MRA =Mode Register Address; Code = Opcode to be loaded 0 Don't Care

Figure 38 — Vendor ID Timing Diagram
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6 TRAINING

6.1 INTERFACE TRAINING SEQUENCE

Due to the high data rates of GDDRS5X, it is recommended that the interfaces be trained to operate with the
optimal timings. The device has defined features that 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 the device is operating in
lower frequency mode as described in the low frequency clause. Interface timings will only be guaranteed
after all required trainings have been executed.

A recommended order of training sequences is based on the following criteria:

The address training must be done first to allow full access to the mode registers. (MR15 for address
training is a special SDR mode register guaranteed to work without training.) Address input timing shall
function without training as long as tpg/tagy are met.

WCK2CK training must be done before read training because a shift in WCK relative to CK will cause a
shift in all read timings relative to CK.

Read training should be done before write training because optimal write training depends on correct read
data.

Device Initialization

CKe - A
Address+T raining CK_: i \f\ ):/

(optional) - |

WCK2CK Training | : : :

READ Training WCK_t —\r—r—\ Ay i—
¢ WCK_c-_-'\’\—/

WRITE Training  |—— BBQI’_n (” X

| LU
v evc X OOOO0OOCL

Start Normal Operation

Figure 39 — Interface Training Sequence
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6.2 ADDRESS TRAINING

The GDDR5X SGRAM provides a means for address bus interface training. The controller may use the
address training mode to improve the timing margins on the address bus.

Address training mode is entered and exited via the ADT bit in MR15. MR15 supports the same setup and
hold times on the addresses as for commands to allow a safe entry into address training mode.

Address training mode uses an internal bridge between the device’s address inputs and DQ/DBI_n/EDC
outputs. It also uses a special READ command for address capture that is encoded using the SDR
command pins only (RAS_n,CAS_n,WE_n = H,L,H) without interpreting the address values typically used
to encode the commands. Once the address training mode has been entered, the address values registered
coincident with this special READ command are transmitted to the controller on the DQ/DBI_n/EDC pins.
The controller is then expected to compare the address pattern received to the expected value and to adjust
the address transmit timing accordingly. The procedure may be repeated using different address pattern
and interface timings. No WCK clock is required for this special READ command operation during
address training mode. The latched addresses are driven out asynchronously.

The only commands allowed during address training mode are this special READ, MRS (e.g., to exit
address training mode) and NOP.

The ABI_n pin’s interface timing may be trained together with the other address lines. Note that ABI is
enabled in MR1 upon power-up, and the ABI_n pin can only be observed indirectly by receiving the
returned addresses as true (ABI_n = High) or inverted (ABI_n = Low).

The timing diagram in Figure 40 illustrates the typical command sequence in address training mode. The
DQ/DBI_n/EDC output drivers are enabled as long as the ADT bit is set. The minimum spacing between
consecutive special READ commands is 2 tcg.

S — |
CK_t

[(4

CMD< MRS X NOP )é{EAID (*)X NOP

15

7
0

'
1

)@(EAD (*)X NOP XREAID (*)X NOP

(L 1 1 1
MRS X NOP X NOP X NOP X NOP )
Vi T T

(4

MRI5

(. i (¢
MR
apor XXERK Ko X Qo K K= N
T2 T : [ : : g :
< tMRD > tADR > tADZ >
tADR o tADR -
L @ . @ d
Even D z 2 ADDR xR ADDR
) \ yR ADDR zR
DBI_n,ED% > > %
0dd DQ 5 5 )
4 \ z 2 ADDR xF z ADDR yF ADDR zF
DBI_n,EDC > > >
D Don't Care
NOTE1 READ command encoding: RAS_n=H, CAS_n=L, WE_n=H.

NOTE 2
NOTE 3

ously with even DQ.

NOTE 4

address training mode).

Figure 40 — Address Training Timing

ADDXx,y,zR = 1st half of address x,y,z, sampled on rising CK_t edge. ADDx,y,zF = 2nd half of address x,y,z, sampled on rising CK_c edge.
Addresses sampled on rising CK_t edge are returned on even DQ after tspg. Addresses sampled on rising CK_c edge are returned on odd DQ simultane-

Outputs are enabled when ADT bit in MR15 set to 1 (enter address training mode). Outputs are disabled after typ; when ADT bit in MR15 set to 0 (exit
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6.2 ADDRESS TRAINING (cont’d)

Table 16 — AC timings in Address Training Mode

Parameter Symbol Min Max Unit
READ command to data out delay tADR 0 vendor specific ns
ADT off to DQ/DBI_n in ODT state delay tapz - vendor specific ns

Table 17 defines the correspondence between address bits and DQ/DBI_n/EDC. The table applies to MF=0
and MF=1 ballouts as well as to x32 and x16 modes. In x16 mode the address bits are returned on the two
bytes enabled in that mode, which are bytes 0 and 2 for MF=0 and bytes 1 and 3 for MF=1 configurations.
In x32 mode the address bits are returned on all 4 bytes.

Table 17 — Address to DQ/DBI_n/EDC Mapping in Address Training Mode

Output Address bits registered at rising edge of CK_t
Al4 A12 A8 A1l BA1 BA2 BA3 BAO A9 A10
Data Return | FPCO | DBIOn | DQ22 | DQ20 | DQIS | DQI6 | DQ6 | DQ4 | DQ2 | DQO
EDC1 | DBIl_.n | DQ30 | DQ28 | DQ26 | DQ24 | DQ14 | DQ12 | DQ10 DQ8
Address bits registered at rising edge of CK_c
Output
A15 A13 A7 A6 A5 A4 A3 A2 Al A0
Data Return | FPC2 | DBI2n | DQ23 | DQ21 | DQI9 | DQI7 | DQ7 | DQ5 | DQ3 | DQI
EDC3 | DBI3_n | DQ31 DQ29 DQ27 DQ25 DQ15 DQ13 DQ11 DQ9

6.3 WCK2CK TRAINING

The purpose of WCK2CK training is to align the data WCK clock with the command CK clock to aid in the
device’s internal data synchronization between the logic clocked by CK and WCK. This will help to define
both Read and Write latencies between the device and the memory controller. WCK2CK training mode is
controlled via MR3 bit A4.

Before starting WCK2CK training, the following conditions must be met:

® CK clock is stable and toggling;

® Address and command pin timing must be guaranteed;

® The QDR/DDR operating mode select bit (MR8 A9) is set to the desired mode;

® PLL on/off (MR1 A7) and PLL delay compensation enable (MR7 A2) are set to desired mode;

® The desired WCK2CK alignment point (MR7 AQ) is selected;

® 2 mode register bits for internal WCKO01 and WCK23 inversion (MR3 bits A[3:2]) are set to a known state;

® All banks are idle and no other command execution is in progress.

WCK2CK training must occur after any of the following:

® Device initialization;

® CKand WCK frequency changes;

® Any RLmrs, WLmrs, CRCRL or CRCWL latency change;

® Change between QDR and DDR operating modes;

® PLL on/off (MR1 A7) and PLL delay compensation mode (MR7 A2) changes;
® Change of the WCK2CK alignment point (MR7 AO0).
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6.3 WCK2CK TRAINING (cont’d)

At self refresh exit, at a minimum, the device’s divide-by-2 circuits must be reset by setting MR3 A4 to
High and WCK is restarted in the same way as the initial training value at power up. Alternatively full
WCK2CK training can be at done at self refresh exit. See Self Refresh clause for more details on self refresh.
See WCK2CK auto synchronization clause for more details on options for WCK2CK alignment at power-
down exit.

Figure 41 and Figure 42 show example WCK2CK training sequences. WCK2CK training is entered via
MRS by setting bit A4 in MR3. This initiates the WCK divide-by-2 circuits associated with WCKO01 and
WCK23 clocks. In case the divide-by-2 circuits are at opposite output phases, which is indicated by
opposite “early/late” phases on the EDC pins associated with WCKO01 and WCK23 (see Figure 43), they
may be put in phase by using the WCK01 and WCK23 inversion bits. Alternatively, the WCK clocks may
be put into a stable inactive state for this initialization event to aid in resetting all dividers to the same
output phase as shown in Figure 42. The challenge of this method is to restart the WCK clocks in a way
that even their first clock edges meet the WCK clock input specification. Otherwise, divide-by-2 circuits for
both WCKO01 and WCK23 might again have opposite phase alignment. The use of this WCK2CK training
method is restricted to lower operating frequencies up to fyyckstop-

Figure 43 illustrates how the WCK phase information is derived. Phase detectors (PD) sample the internal
divided-by-2 WCK clocks. Only one sample point is shown for clarity; however, in reality, when WCK2CK
training mode is enabled, a sample occurs every tck and is translated to the EDC pins accordingly. If the
divided-by-2 WCK clock arrives early, then the EDC pin outputs a High during the time interval specified;
if the divide-by-2 WCK clock arrives late, then the EDC pin outputs a Low during the time interval speci-
fied. If the divide-by-2 WCK and CK clocks are perfectly aligned at the phase detector, the EDC pins are
indeterminate.

\ /
[ —

0«

CMD < N(I)P X MRS X N(‘)P
WCK ¢ - -I-\ i ‘
WCK_t -

Enter WCK2CK Training
(resets WCK divide-by-2 circuits)

Start WCK2CK
Phase Training

PLL/DLL Reset
(PLL/DLL on only)

Exit WCK2CK Training
(sets data synchronizers,
resets FIFO pointers)

Figure 41 — Example WCK2CK Training Sequence with Free-Running WCK

P

«
N

(@

WCK_¢ - %

i

JAWCK2MRS, | , tMRSTWCK ! tWCK2TR P tLK w! g tMRD
Enter WCK2CK Training WCK Start WCK2CK PLL/DLL Reset Exit WCK2CK Training
(resets WCK divide-by-2 circuits) Restart Phase Training (PLL/DLL on only) (sets data synchronizers,

resets FIFO pointers)

Figure 42 — Example WCK2CK Training Sequence with WCK Stop




JEDEC Standard No. 232A.01

Page 52

6.3 WCK2CK TRAINING (cont’d)
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Figure 43 — EDC Pin Behavior for WCK2CK Training

The ideal alignment is indicated by the phase detector output transitioning from “early” to “late” when
the delay of the WCK phase is continuously increased. The WCK phase range for ideal alignment is
specified by the parameter tycgockpn in the vendor’s datasheet; the value(s) vary with the PLL/DLL

mode (on or off) and the selected alignment point.

Table 18 — Phase Detector and EDC Pin Behavior

WCK/2 value sampled by CK WCK2CK Phase EDC Pin Output Recommended Action
1 ‘Early’ High Increase Delay on WCK
0 ‘Late’ Low Decrease Delay on WCK

If enabled, the PLL/DLL does not interfere in the behavior of the WCK2CK training. Significantly moving
the phase and/or stopping the WCK during training may disturb the PLL/DLL. It is required to perform a
PLL/DLL reset after the WCK2CK training has determined and selected the proper alignment between
WCK and CK clocks. The PLL/DLL lock time t; i must be met before exiting WCK2CK training to

guarantee that the PLL/DLL is in lock such that the data synchronizers are set upon WCK2CK training

exit.

WCK2CK training is exited via MRS by resetting bit A4 in MR3. Proper reset of the data synchronizers
requires that the WCK and CK clocks are aligned within tycrocksyne upon WCK2CK training exit. After

exiting WCK2CK training mode, the WCK phase is allowed to further drift from the ideal alignment point
by a maximum of tywcgock (€-8., due to voltage and temperature variation). Once this WCK phase drift

exceeds tycgock(min) or tycxock(max), WCK2CK training must be repeated and the clocks must be

realigned.
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6.3.1 WCK2CK Alignment at Pin Mode

The WCK and CK phase alignment point can be changed via MRS by setting bit A0 in MR7. In normal

mode, when MR7 A0 is set to 0, the phases of CK and WCK are aligned at the phase detector. On the other
hand, when MR7 A0 is set to 1, the phases of CK and WCK are aligned at the pins. Pin mode is supported
up to the max CK clock frequency of f-gpyn, and is an option to reduce the WCK2CK training time at low

frequency since no phase search for the ideal alignment position is required.
[D Q-

|:D Q¢

WCK_t o WCK_t cK
WCK_c WCK _c¢

CK t Internal WCK/2 I];gtaescior CK t Internal WCK/2 I];}:::tm.

CK:C Internal CK CK:C Internal CK

EDCC EDCC
Normal Mode Pin Mode
Figure 44 — Normal and Pin Mode

6.3.2 WCK2CK Auto Synchronization

WCK2CK automatic synchronization mode reduces the WCK2CK training time upon power-down exit.
This mode is controlled by the AutoSync bit (MR7 A4), and is effective when the LP2 bit (MR5 A1) is set
and the WCK clocks are stopped during power-down. This mode works for both normal and pin mode.
When WCK2CK automatic synchronization mode is enabled, a full WCK2CK training including phase
search is not required after power-down exit, although WCK2CK MRS must be issued momentarily for
setting the data synchronizers. However, WCK and CK clocks must meet the tycxocxsync specification
upon power-down exit. Any allowed command may be issued after typ or after t; i in case the PLL/DLL
had been enabled upon power-down entry. The PLL/DLL sequence is not affected by this mode. The use
of WCK2CK automatic synchronization mode is restricted to lower operating frequencies up to

fckauTosyne:

6.3.3 WCK2CK Training Examples

Table 19 describes WCK2CK training methods for different frequency ranges. The actual frequency ranges
are vendor specific. Divider initialization can be done by training with WCK2CK inversion, WCK2CK
stop, or WCK2CK auto-sync. In case of WCK2CK stop for divider initialization it is required to disable
WCK2CK auto-sync. The combined use of pin and WCK2CK auto-sync modes can minimize WCK2CK
training time at low frequency.

Table 19 — An Example of WCK2CK Training Simplified for Normal Mode and Pin Mode

High Frequency Middle Frequency Low Frequency
WCK2CK Alignment Mode Normal Pin Normal Pin Normal Pin
Phase Search Required N/A Required No No No
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6.3.3 WCK2CK Training Examples (cont’d)
The following examples describe the WCK2CK training in more detail.

Example 1: outline of a basic WCK2CK training sequence without WCK clock stop:
1. Enable training mode via MRS and wait tyrp.

2. Sweep and observe the phase independently for WCKO01 on EDC0 and WCK23 on EDC2; in case the
internal divide-by-2 circuits are at opposite phase use either the WCKO01 or WCK23 inversion bit to flip
one of the WCK divide-by-2 circuits.

3. Adjust the WCK phases independently for WCKO01 and WCK23 to the optimal point (“ideal
alignment”).

Issue a PLL/DLL reset and wait for t; x (PLL/DLL on mode only).

While all WCK and CK clocks are aligned, exit WCK2CK training mode via MRS.
6. Wait tygp for the reset of data synchronizers.

Example 2: outline of a basic WCK2CK training sequence with WCK clock stop:

Stop WCK clocks with WCKO01_t/WCK23_t LOW and WCKO01_c¢/WCK23_c HIGH.
Wait twcgomrs for internal WCK clocks to settle.

Enable training mode via MRS and wait tyrgrwck for divide-by-2 circuits to reset.
Start WCK clocks without glitches (both divide-by-2 circuits remain in sync).

Wait tycgorr for internal WCK clocks to stabilize.

Sweep and observe the phase independently for WCKO01 on EDC0 and WCK23 on EDC2; adjust the
WCK phase to the optimal point (“ideal alignment”).

Issue a PLL/DLL reset and wait t; g (PLL/DLL on mode only).

While all WCK and CK clocks are aligned, exit WCK2CK training mode via MRS.
9. Wait tygp for the reset of data synchronizers.

AL SRS

N

WCK2CK Training in x16 Mode

For configurations where the WCK clocks are not shared between two devices, the WCK phase should be
set to the ideal alignment point. However, for configurations where two devices share the WCK clocks as
in a x16 clamshell, an offset may be required, given by the midpoint of both device’s ideal WCK positions.
The maximum allowed offset is specified by parameter tycxocksync: twekecksyne defines the WCK

offset range from the ideal alignment which guarantees that a device’s WCK and CK clocks will internally
synchronize upon training exit.

Example 3: outline of training sequence for x16 configurations with 2 devices sharing their WCK clocks:

1. Enable training mode for both devices via MRS and wait wait tyjgp.

2. For both devices sweep and observe the phase independently for WCKO01 and WCK23 on each EDC
pin; in case the internal divide-by-2 circuits are at opposite phases use either the WCK01 or WCK23
inversion bit to flip one of the WCK divide-by-2 circuits; use MREMF0 and MREMF1 bits in MR15
(“soft chip select”) to explicitly direct the MRS command for this phase flipping to either the device
that is configured to non-mirrored mode (MF=0) or to mirrored (MF=1) mode.

3. Sweep and observe the phase on the first device independently for WCKO01 and WCK23; store the
setting for the optimal WCK phases.

4. Sweep and observe the phase on the second device independently for WCK01 and WCK23; store the
setting for the optimal WCK phases.

Sweep WCKO01 and WCK23 phases to the midpoint of the both device’s optimal settings.
Issue a PLL/DLL reset and wait t; g (PLL/DLL on mode only).

While all WCK and CK clocks are aligned, exit WCK2CK training mode via MRS.

Wait tyrp for the reset of data synchronizers.

® N T
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6.3.4 Read and Write Latencies

Read and write latency timings are defined relative to CK. Any offset in WCK and CK at the pins and/or
the phase detector will be reflected in the latency timings. The parameters used to define the relationship
between WCK and CK are shown in Figure 45. For more details on the impact on read and write timings

see the OPERATIONS clause.

‘ tCK tCH . tCL ,
CK_c i‘ . >€< >§

CK_t | ,

Case 1: Negative tWCK2CKPIN; tWCK2CK = 0 (ideal WCK2CK alignment)

tWCK tWCKH tWCKL
> tWCK2CKPIN

XXX XX

WCK _t | |

Case 2: Negative tWCK2CKPIN; negative tWCK2CK
—P» tWCK2CKPIN + tWCK2CK

WCK_t ) | o — e
A XA X A X A

WCK_c

Case 3: Positive tWCK2CKPIN; tWCK2CK = 0 (ideal WCK2CK alignment)
<—»| tWCK2CKPIN

WCK_¢ - \ J— J— | P ;
NN G S G 4 G G G e

Case 4: Positive tWCK2CKPIN;; positive tWCK2CK

rf—P» tWCK2CKPIN + tWCK2CK

el Gl G0 G 410 G 410 G O G0 O &

WCK_c !

NOTE1 tWCK2CKPIN and tWCK2CK parameter values could be negative or positive numbers, depending on the selected WCK2CK alignment
point, PLL-on or PLL-off mode operation and design implementation. They also vary across PVT. WCK2CK training is required to deter-

mine the correct WCK2CK phase for stable device operation.

Figure 45 — WCK2CK Timings
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6.4 READ TRAINING

Read training allows the memory controller to find the data-eye center (symbol training) and burst frame
location (frame training) for each high-speed output of the device. Each pin (DQ[31:0], DBI[3:0]_n,
EDC][3:0]) can be individually trained during this sequence.

For read training the following conditions must be true:

® atleast one bank is active, or a REFRESH must be in progress and bit A2 in MR5 is set to 0 to allow
training during refresh (to disable this special REFRESH enabling of the WCK clock tree an ACTIVATE
command must be issued, or the device must be set to power-down or self refresh mode).

® WCK2CK training must be complete.
® the PLL/DLL must be locked, if enabled.

¢ RDBI and WDBI must both be either enabled or disabled prior to and during read training. They must
be enabled if read training includes the DBI_n pins, and they must be disabled if read training does not
include the DBI_n pins.

® RDCRC and WRCRC must both be either enabled or disabled prior to and during read training. They
must be enabled if read training includes the EDC pins, and they must be disabled if read training does
not include the EDC pins.

The following commands are associated with Read Training:

® LDFF to preload the Read FIFO;

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

Neither LDFF nor RDTR access the memory array. No MRS command is required to enter read training.

Figure 46 shows an example of the internal data paths used with LDFF and RDTR. Table 20 lists AC timing
parameters associated with read training.

Table 20 — LDFF and RDTR Timings

VALUES
PARAMETER SYMBOL UNIT| NOTES
MIN MAX
ACTIVATE to RDTR command delay tRCDRTR - ns
ACTIVATE to LDFF command delay tRCDLTR - ns
REFRESH to RDTR or WRTR command delay tREFTR - ns
READ/WRITE bank A to READ/WRITE bank B t _ ¢ 1
command delay different bank groups CCDs CK
LDFF to LDFF command cycle time tLTLTR 4 - tck
LDFF15 to LDFF command cycle time tLTLFTR - tck 2
LDFF15 to RDTR command delay tLTRTR - tck 2
READ or RDTR to LDFF command delay tRDTLT - tck
NOTE 1 Use tccpg for gapless consecutive RDTR commands regardless whether Bank Groups is enabled or not.
NOTE 2 In DDR mode this parameter refers to LDFF7 instead of LDFF15.
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6.4 READ TRAINING (cont’'d)
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Q DEI 128
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Note: Data paths shown for 1 of 4 bytes (Byte 0) Data path used with RDTR

Figure 46 — Data Paths Used for Read and Write Training

6.4.1 LDFF Command

The LDFF command is used to securely load data to the device’s Read FIFOs via the address bus. The
Read FIFO has a fixed depth of 6 bursts and thus can store a 6 x 16 = 96 U L long bit pattern in QDR mode,
and a 6 x 8 =48 U.L long bit pattern in DDR mode uniquely to every DQ, DBI_n and EDC pin within a
byte. The pattern length for the EDC pin is 48 U.I. in both modes.

The data pattern is conveyed on addresses A[7:0] for DQ[7:0], A9 for DBIO_n, and BA3 for EDCO0 as shown
in Figure 48 for QDR mode and Figure 49 for DDR mode; the data are internally replicated to all 4 bytes.

Each LDFF command loads one burst position. Sixteen LDFF commands are required in QDR mode to fill
one FIFO stage, and addresses A12, BA[2:0] select the burst position from 0 to 15. Eight LDFF commands
are required in DDR mode to fill one FIFO stage, and addresses BA[2:0] select the burst position from 0 to
7 with address A12 being Don’t Care. The EDC data pattern conveyed with LDFF commands to burst
locations 8 to 15 are ignored.
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6.4.1 LDFF Command (cont’d)

CK_c¢
CK_t

CKE_n TIow

RASn / \ .
cAS.n '\ /__

WE_n /

All
e () DATA

"A0 A7

BAO-BA2 :
A2,Ad-A5 BST 9 DATA

Al3

PATAS

Al4 :><:>O<:><: BST = Burst Position
Al5 DATA = Data

Figure 47 — LDFF Command

LDFF Command Address-to-DQ Mapping 1 FIFO Stage =1 Burst

,——- 01234567 8911112131415
Byte0 Bytel Byte2 Byte3

A0 | | DQO | DQ8 | DQ16 | DQ24 |

CK_c ===
\,

L [AT0T A0 ]
o AT | __w»{ A1 [ DQ1 | DQ9 | DQI7 [ DQ25 |
BAO [RS8 A2 | [ DQ2 [DQ10 [ DQ18 [ DQ26
5A01 A2 | — {777 ] [[DQ2 [DOI0| DQIs [5036]
BA2| A4 \ﬁ A3 ] [ DQ3 [DQ11[DQ19 [DQ27 ]
H \{ A4 | [ DO4 [DO12 [ DQ20 [ DQ28 |
L

\
\

A5 | [ DQ5 [ DQI3 [ DQ21 | DQ29 |

A6 | [ DQs | DQ14 | DQ22 [ DQ30 |

A7 | | DQ7 [ DQ15 | DQ23 | DQ31 |

A9 | [DBIO_n|DBI1_n|DBI2_n|DBI3_n|

BA3| [ EDCO | EDC1 | EDC2 [ EDC3 |

Burst Position

011(2]13(4|5(6]|7[8]9]10|11{12(13]|14(15
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L

LDFF FIFO Load Pulse

Figure 48 — LDFF Command Address to DQ/DBI_n/EDC Mapping in QDR Mode
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6.4.1 LDFF Command (cont'd)
LDFF Command Address-to-Data Mapping 1 FIFO Stage = 1 Burst
01234567
CK e -, T Byte0 Bytel Byte2 Byte3
CK_t A0 | | DQo0 | DQ8 | DQ16 | DQ24 |
L [AT0] Ao ]
o AT | w{ A1][DQ1 | DQ9 | DQI17 [ DQ25 |
BAO [RS8 A2 | [ DQ2 [ DQ10 [ DQ18 [ DQ26
BAD] A2 I —w{37 ] [5Q2 [DQI0 [ DQis] Do ]
BA2[ A4 \Ai A3 | [ DQ3 | DQI1 [ DQI19 [ DQ27 |
BA1| A5
SN
A7
A5 | [ DQ5 [ DQ13 [ DQ21 | DQ29 |
A6 | [ DQ6 [ DQI4 [ DQ22 | DQ30 |
A7 | [ DQ7 [ DQI5 [ DQ23 | DQ3L |
A9 | |DBI0_n|DBI1_n|DBI2_n|DBI3_n|
BA3] [ EDCO | EDCI | EDC2 [ EDC3 |
>
Burst Position
0|1|2(3]4|5|6]|7
BA2 ofofofofrfa]1]n
BA1 olof1]1]ofo]1]1
BAO ol1fof1]of1]o]1
LDFF FIFO Load Pulse

Figure 49 — LDFF Command Address to DQ/DBI_n/EDC Mapping in DDR Mode

LDFF loads the DBI FIFO regardless of the WDBI and RDBI mode register bits. It also loads the EDC FIFO
regardless of the WRCRC and RDCRC mode register bits, and no CRC is calculated; however, RDBI and
RDCRC must be enabled to read the DBI and EDC bits, respectively, with the RDTR command. The DQ/
DBI_n output buffers remain in ODT state during LDFF, and the EDC hold pattern is driven on the EDC
pins during LDFF (provided RDQS mode is not enabled).

All burst addresses 0 to 15 must be loaded; LDFF commands to burst address 0 to 14 may be issued in
random order; the LDFF command to burst address 15 (LDFF15) must be the last of 16 consecutive LDFF
commands, as it effectively loads the data into the FIFO and results in a FIFO pointer increment.
Consecutive LDFF commands have to be spaced by at least t; 11 tr, and at least t; 11 grg cycles are required

after each LDFF command to burst address 15.

LDEFF pattern may efficiently be replicated to the next FIFO stages by issuing consecutive LDFF commands
to burst address 15 (with identical data pattern). The data pattern in the scratch memory for LDFF will be
available until the first RDTR command. An amount of LDFF15 commands greater than the FIFO depth of
6 is allowed and results in a looping of the FIFO'’s data input.

The total number of LDFF15 commands modulo 6 must equal the total number of RDTR commands
modulo 6 when used in conjunction with RDTR. No READ or WRITE commands are allowed between
LDFF and RDTR.

Above rules apply to DDR mode as well, with the difference that the LDFF7 command instead of LDFF15
effectively loads the data into the FIFO and results in a FIFO pointer increment.
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6.4.2 RDTR Command

An RDTR burst is initiated with a RDTR command as shown in Figure 50. No bank or column addresses
are used as the data is read from the internal READ FIFO, not the memory array. The length of the burst
initiated with a RDTR command depends on the selected mode: in QDR mode the burst length is sixteen
for DQ/DBI_n and eight for EDC, and in DDR mode the burst length is eight for DQ/DBI_n/EDC. There is
no interruption nor truncation of RDTR bursts.

CK_c
CK_t

CKE_n Low

RAS_n /
CAS.n '\
WEn /

Al11,A10
A6,A0

A8
A7

BA0-BA3,A9,A12,A14
A1°A5A13,A15 :X__X:X—_X: :

Figure 50 — RDTR Command

il

A RDTR command may only be issued when a bank is open or a refresh is in progress and bit A2 in MR5
is set to 0 to allow training during refresh.

RDBI must be enabled to read the DBI FIFO bits with the RDTR command, otherwise the DBI_n pins
remain in ODT state. The DBI_n pin behaves like a DQ, and no encoding with DBI is performed.

RDCRC must be enabled to read the EDC FIFO bits with the RDTR command, otherwise the EDC pins
drive the EDC hold pattern. In RDQS mode the EDC pin functions like with a normal READ in that mode.

An amount of RDTR commands greater than the FIFO depth of 6 is allowed and results in a looping of the
FIFO’s data output.

During RDTR bursts, the first valid data-out element will be available after the read latency (RL) which is
the same as for READ. EDC pin data come with the additional CRC read latency (CRCRL) after the RL.

Upon completion of a burst, assuming no other RDTR command has been initiated, all DQ and DBI_n pins
will drive a High and the ODT will be enabled at a maximum of 1 tck later. The drive value and
termination value may be different due to separately defined calibration offsets. If the ODT is disabled, the
pins 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 tccpg timing.

A WRTR can be issued any time after a RDTR command as long as the bus turn around time tgy is met.

The total number of RDTR commands modulo 6 must be equal to total number of WRTR commands
modulo 6 when used in conjunction with WRTR. No READ or WRITE commands are allowed between
WRTR and RDTR.

The total number of RDTR commands modulo 6 must be equal to the total number of LDFF commands to
burst position 15 (LDFF15) modulo 6 when used in conjunction with LDFF. No READ or WRITE
commands are allowed between LDFF and RDTR.
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6.5 WRITE TRAINING

Write training allows the memory controller to find the data-eye center (symbol training) and burst frame
location (frame training) for each high-speed input of the device. Each pin (DQ[31:0], DBI[3:0]_n) can be
individually trained during this sequence.

For write training the following conditions must be true:

® at least one bank is active, or a REFRESH must be in progress and bit A2 in MR5 is set to 0 to allow
training during refresh (to disable this special REFRESH enabling of the WCK clock tree an ACT
command must be issued, or the device must be set to power-down or self refresh mode).

® WCK2CK training must be complete.
® the PLL/DLL must be locked, if enabled.
® Read training must be complete.

¢ RDBI and WDBI must both be either enabled or disabled prior to and during write training. They must
be enabled if write training includes the DBI_n pins, and they must be disabled if write training does
not include the DBI_n pins.

® RDCRC and WRCRC must both be either enabled or disabled prior to and during write training. They
must be enabled if write training includes the EDC pins, and they must be disabled if write training
does not include the EDC pins.

The following commands are associated with write training:

® WRTR to write a burst of data directly into the Read FIFO;

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

Neither WRTR nor RDTR access the memory array. No MRS command is required to enter write training.

Figure 46 shows an example of the internal data paths used with WRTR and RDTR. A typical write
training command sequence using WRTR and RDTR is illustrated in Figure 52. Table 21 lists AC timing
parameters associated with write training.

Table 21 — WRTR and RDTR Timings

VALUES
PARAMETER SYMBOL UNIT| NOTES
MIN MAX
ACTIVATE to RDTR command delay tRCDRTR - ns
ACTIVATE to WRTR command delay tRCDWTR - ns
REFRESH to RDTR or WRTR command delay tREFTR - ns
READ/WRITE bank A to READ/WRITE bank B ¢ _ ¢ 1
command delay different bank groups CCDs CK
WRTR to RDTR command delay tWTRTR - tck
WRITE to WRTR command delay tWRWTR - tck
READ or RDTR to WRITE or WRTR command delay tRTW - ns 2
NOTE 1 Use tccpg for gapless consecutive WRTR and RDTR commands regardless whether Bank Groups is enabled or not.
NOTE 2 tgyw is not a device limit but determined by the system bus turnaround time. The difference between twckopgo and
twckopaor shall be considered in the calculation of the bus turnaround time.
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6.5.1 WRTR Command

A WRTR burst is initiated with a WRTR command as shown in Figure 51. No bank or column addresses
are used as the data is written to the internal READ FIFO, not the memory array. The length of the burst
initiated with a WRTR command depends on the selected mode: in QDR mode the burst length is sixteen,
and in DDR mode the burst length is eight. There is no interruption nor truncation of WRTR bursts.

CK_c
CK_t

CKE_n Low
RAS_n /
CAS.n '\

WE_n '\

Al11,A10
A6,A0

A8
A7

BA0-BA3,A9,A12,A14
A1°A5A13,A15 :X__X:X—_X: :

Figure 51 — WRTR Command

il

A WRTR command may only be issued when a bank is open or a refresh is in progress and bit A2 in MR5
is set to 0 to allow training during refresh.

WDBI must be enabled to write the DBI FIFO bits with the WRTR command, otherwise the DBI_n pins
remain in ODT state and a 1 will be written to the DBI FIFO and be assumed for the DBI_n input in the
CRC calculation.

WRCRC must be enabled to write the EDC FIFO bits with the WRTR command. In contrast to a normal
WRITE, no CRC is returned by the WRTR command and the EDC pins will drive the EDC hold pattern. In
RDQS mode the EDC pin functions like with a normal READ in that mode. Please note that RDCRC must
be enabled to read the calculated CRC data with the RDTR command.

An amount of WRTR commands equal to the FIFO depth of 6 is required to fully load the Read FIFO; any
number of WRTR commands greater than 6 is allowed and will result in a looping of the FIFO’s data
input.

During WRTR bursts, the first valid data-in element must be available at the input latch after the write
latency (WL). The write latency is the same as for WRITE.

Upon completion of a burst, assuming no other WRTR data is expected on the bus the DQ and DBI_n pins
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 t-cpg timing.

A RDTR can be issued any time after a WRTR command as long as the internal bus turn around time
tRTWTR is met.

The total number of WRTR commands modulo 6 must equal the total number of RDTR commands
modulo 6 when used in conjunction with RDTR. No READ or WRITE commands are allowed between
WRTR and RDTR.
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6.5.1 WRTR Command (cont’d)

CMD< WRTR X NOP X WR‘TR X Né)P X N(I:)P X N(l)P X” RDTR X NOP X RDlTR X N(I:)P X Né)P )

aoor X O OO OO OO0 OO0

e
o2 [T BRIV Be BEI

EDC EDC Hold Pattern

Pl
N

I
-]

[]] Do..os|[[]]]]]] Do ..D15

[\

I:l Don't Care

NOTE1 D0..D15 = data burst with BL=16. E0..E7 = CRC burst with BL=8.

NOTE2 WLmrs=1, RLmrs=1and CRCRL =1 are used for ease of illustration. Actual supported values will be found in clause 4 (MR) and 8.8 (AC
Timings).

NOTE 3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE5  twckopqr twekepgo = 0 is shown for illustration purposes.

Figure 52 — Write Training Using WRTR and RDTR Commands
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7 OPERATION

7.1 COMMANDS

Table 22 — Truth Table - Commands

CKE_n
Previous | Current | RAS | CAS | WE BA2-| A13- A7, A0-
Operation Symbol | cycle cycle [ n | n | n |BA3 |BAO| A15 | A12 | A11 | A10 | A8 | A9 | A6 | A5 | Notes
NO OPERATION NOP L \Y% H H H v \Y% \Y% \Y% \Y% v \Y% v \Y% v 1,2
MODE REGISTER SET MRS L L L L L MRA \ \ CODE 1,23
ACTIVATE ACT L L L H | H BA RA 1,24
READ RD L L H L H BA CAU L L |CAU| CA |CAL|1,2,5,
10

READ with RDA L L H L H BA CAU L L H |CAU| CA |CAL| 1,25
Autoprecharge

Load FIFO LDFF L L H L H |DATA BST| V |BST| H L L DATA 1,29
READ Training RDTR L L H L H v \Y% A% v H H L v \Y \Y% 1,2
WRITE without Mask WOM L L H L L BA CAU L L L |CAU| CA |CAL| 1,25
WRITE without Mask with | WOMA L L H L L BA CAU L L H |CAU| CA |CAL| 1,25
Autoprecharge

WRITE lower DQ WOML L L H H L BA \Y% v L L L V | CA|CAL| 1,26
WRITE lower DQ with WOMLA L L H H L BA \Y% v L L H V | CA |CAL| 1,26
Autoprecharge

WRITE upper DQ WOMU L L H H L BA CAU L H L |CAU| CA |CAL| 1,27
WRITE upper DQ with WOMUA L L H | H L BA CAU L H | H |CAU| CA |CAL| 1,27
Autoprecharge

WRITE with single-byte WSM L L H L L BA CAU L H L |CAU| CA |CAL| 1,25
mask

WRITE with single-byte WSMA L L H L L BA CAU L H H |CAU| CA |CAL| 1,25
mask with Autoprecharge

WRITE with double-byte WDM L L H L L BA CAU H L L |CAU| CA |CAL| 1,25
mask

WRITE with double-byte | WDMA L L H L L BA CAU H L H |CAU| CA |CAL| 1,25
mask with Autoprecharge

WRITE Training WRTR L L H L L \4 | \% v v H H L v \Y% \% 1,2
PRECHARGE PRE L L L H L BA v v \Y% v L v \4 v 1,2
PRECHARGE ALL PREALL L L L H L \Y% | \Y% v v \Y% \Y% H \Y% \% \% 1,2
PER-BANK REFRESH REFPB L L L L H BA A% v \ \% L v Vv \% 1,8
REFRESH REFAB L L L L H v \% v v v \% H v \ v 1,8
POWER-DOWN ENTRY PDE L H H H H A% \Y% v v \Y% \Y% v \Y% v \Y 1
POWER-DOWN EXIT PDX H L H|H | H \ \ A% A% \ v \% v \% \Y 1
SELF REFRESH ENTRY SRE L H L L H v v v v v v v \4 v v 1,8
SELF REFRESH EXIT SRX H L H H H v A% \Y% v \Y% v A% v v \Y% 1

ABI_n=L.

NOTE1 H=Logic High Level; L = Logic Low Level; V = Valid Signal (H or L, but not floating).
NOTE 2 Addresses shown are logical addresses; physical addresses are inverted when address bus inversion (ABI) is activated and

NOTE 3 BAO-BA3 provide the Mode Register address (MRA), A0-A11 the op-code to be loaded.

NOTE 4 BAO0-BA3 provide the bank address (BA), A0-A12 (A13, A14, A15) provide the row address (RA).

NOTE5 BAO-BA3 provide the bank address, AO-A5 provide the lower column address (CAL) and A7,A9,A12-A15 the upper
column address (CAU) in QDR operating mode, and A6 an additional column address bit (CA) in DDR operating mode.
No sub-word addressing within a burst of 16 or 8.

NOTE 6 BAO-BA3 provide the bank address, A0-A5 provide the column address (CAL) in QDR operating mode, and A6 an
addition-al column address bit (CA) in DDR operating mode. No sub-word addressing within a burst of 16 or 8.

NOTE 7 BAO-BA3 provide the bank address, A7,A9,A12-A15 the column address (CAU) in QDR operating mode, and A6 an
additional column address bit (CA) in DDR operating mode. With address compatibility mode enabled in MR8 bit A8,
AO0-A5 provide the column address instead of A7,A9,A12-A15. No sub-word addressing within a burst of 16 or 8.

NOTE 8 The command is REFRESH or PER-BANK REFRESH when CKE_n(n) = L and SELF REFRESH ENTRY when
CKE_n(n) =H.

NOTE9 BAO-BA2,A12 select the burst position (BST) in QDR operating mode, BA0-BA2 select the burst position (BST) in DDR
operating mode, and A0-A9, BA3 provide the data (DATA) in both modes.

NOTE 10 In address training mode READ is decoded from the commands pins only with RAS n=H, CAS_n=L, WE_n=H.




JEDEC Standard No. 232A.01

Page 65
7.2 COMMAND, ADDRESS, AND WRITE DATA INPUT TIMINGS

Figure 53 illustrates the timings associated with the command and address inputs, and Figure 54 the
timings associated with the write data inputs.

COMMAND X X X H(_hx

ADDRESS X:X ’

D Don't Care
Figure 53 — Command and Address Input Timings

DQ, DBL n
(1 Pin)

Figure 54 — Write Data Input Timings

7.3 NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the device to perform a NOP. This prevents
unwanted commands from being registered during idle or wait states. Operations already in progress are
not affected.
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74 MODE REGISTER SET

The MODE REGISTER SET command is used to load the mode registers of the device. The bank address
inputs BA[3:0] select the mode register, and address puts A[11:0] determine the op-code to be loaded. See
MODE REGISTER for a register definition. The MODE REGISTER SET command can only be issued when
all banks are idle and no bursts are in progress, and a subsequent executable command cannot be issued
until tyrp is met.

CK_c
CK_t

CKE_n Iow

RAS_n "\ yan .—
cAsn '\ /__
WE_n \ /_—

PARTAS

A7-AGALAG

Al12,A14 : : MRA =Mode Register Address
Al3,A15 :X:X:X:X: CODE = Op-code

Figure 55 — MODE REGISTER SET Command

Old Setting Updating Setting New Setting

A.C.=Any command allowed in bank idle state.

Figure 56 — Mode Register Set Timings
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7.5 ROW ACTIVATION

Before any READ or WRITE command can be issued to a bank, a row in that bank must be opened. This is
accomplished by the ACTIVATE command which selects both the bank and row to be activated. After a
row is opened, a READ or WRITE command may be issued to that row, subject to the trcp specification.

A subsequent ACTIVATE command to 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 tgc. A minimum time tg g must elapse 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 to different banks is defined by tgrp.

The row remains active until a PRECHARGE command (or READ or WRITE command with auto
precharge) is issued to the bank.

CK_c
CK_t

CKE_n TIow
RAS n |\ /
CASn / \

WE_n / \
BAO-BA3
A2-A5 BA (X_RA )
A14,A12-A8 ' BA = Bank address
A15,A13,A7-A6,A1-A0 . RA = Row address

Figure 57 — ACTIVATE Command

CMD( NOP X AC X NOP x RD/WRX NOP d>>< PRE (*) X NOP \X ACT X

woor YOOI ODEE OO0
tRP R

tRCD

. _tRAS

A .
” tRC

\ 4

AA

(*) = could also be PRECHARGE ALL I:l Don't Care
NOTE1 BA =bank address; CA = column address.
NOTE2  trcp = tReDRD, tRCDWR: tRCDRTR, tRCDWTR OF tReDLTR depending on commands.

Figure 58 — Bank Activation Command Cycle

7.5.1 Bank Restrictions

Limiting the number of bank activations in a rolling window ensures that the instant current supply
capability of the device is not exceeded. To reflect the short term capability of the GDDR5X SGRAM
current supply, tgaw (four activate window) is defined: no more than 4 banks may be activated in a rolling

tpaw window. To convert this to clocks, divide tpaw (ns) by tcx (ns) and round up to next integer. For
example, if (tpaw/tck) rounds up to 10 clocks and an ACTIVATE command is issued at clock N, no more

than three further ACTIVATE commands may be issued at clocks N+1 through N+9 as illustrated in Figure
59.
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7.5.1 Bank Restrictions (cont’d)

Y

tFAW + 3*tRRD
D Don't Care

Figure 59 — tgrp and tgpw Timings

Parameter t3, oy (32 activate window) is defined to reflect a longer-term current supply capability. No
more than 32 banks may be activated in a rolling t3; oyw window. To convert this to clocks, divide t3y s
(ns) by tck (ns) and round up to next integer. Using a shorter and longer rolling activation window allows

the GDDR5X SGRAM to handle higher currents in a shorter window and still limits the current strain over
a longer period of time. Figure 60 illustrates cases where t3) oy is greater than or equals 8 * tgaw-

It is preferable that GDDR5X SGRAMSs have no rolling activation window restrictions (tpaw =4 * trrp)-

Case A: t32AW >8* tFAW

I I | | | I I | . ,|
traw | teaw | traw | tpaw | teaw | traw | traw | teaw | traw

A\ 4

t3oAw

Case B: t32AW =8* tFAW

| | | | | | |
tpaw tpaw traw traw tpaw tpaw traw traw traw

~

A 4

t3oaw

Figure 60 — t3;ow Timing

GDDR5X SGRAM s include a feature LP1 that allows DRAM vendors to relax tpayw and t3p oy parameters

to achieve lower power consumption. With LP1 tgaw and t3; oy may have two values depending on
whether LP1 is enabled or not. LP1 is controlled by MRS5 bit A0.
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7.6 WRITE (WOM)

WRITE bursts are initiated with a WRITE command as shown in Figure 61. The bank and column
addresses are provided with the WRITE command and auto precharge is either enabled or disabled for
that access with the A8 pin. If auto precharge is enabled, the row being accessed is precharged at the
completion of the burst after tg pg(min) has been met or after the number of clock cycles programmed in
the RAS field of MRS5 bits A[11:6], depending on the implementation choice per DRAM vendor. The length
of the burst initiated with a WRITE command depends on the selected mode: in QDR mode the burst
length is sixteen, and in DDR mode the burst length is eight. The column address is unique for this burst of
sixteen or eight. There is no interruption nor truncation of WRITE bursts.

CK_c
CK_t

CKE_n Low

RASn / \ .
CAS_n '\ /__
WE_n '\ /_—

“A0 AL

e

PARTAS

A8 EN' AP | BA =Bank Address
A7 -. CAL =Lower Column Address
DIS AP ! CAU  =Upper Column Address

A9 z I CA  =Column Address
Al . (DDR mode only)
A12,A14 EN AP = Enable Auto Precharge
A13,A15 . DIS AP = Disable Auto Precharge
Figure 61 — WRITE Command

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 WLmrs * tcx + twekackpin + twekeck + twekepgor where

WLmrs is the number of clock cycles programed in MRO, tywcxockpin is the phase offset between WCK
and CK at the pins when phase aligned at phase detector, tyckock is the alignment error between WCK
and CK at the phase detector, and tyckopgi is the WCK to DQ/DBI_n offset as measured at the DRAM

pins to ensure concurrent arrival at the latch. The total delay is relative to the data eye center averaged
over one double-byte. The maximum skew within a double-byte is defined by tpgpqr-

The data input valid window, tpyyy, 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 clock 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 together with the chosen PLL/DLL bandwidth. tpyyy is measured at the pins

and must be specified for each supported PLL/DLL bandwidth. In general tpyyy is smaller than tppy.

The data input pulse width, tppyy, 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. tppyy is
measured at the pins. In general tppyy is larger than tpryw-

WRITE word lane timings for QDR mode are illustrated in Figure 62, and WRITE word lane timings for
DDR mode in Figure 63.
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7.6 WRITE (WOM) (cont’d)

—» tWCK2CKPIN + tWCK2CK —P-tWCKH—  —P-{tWCKL —

WCK_t - ' ’__X___X__X X__X _m

Case 1: Negative tWCK2DQI
—P tWCK2DQI

DQ, (izi_nr)l Xx Dll)xX Dlw D'ZXX ‘D3XX MXX D5XX D6XX D7XX DSXX D9XXDIOMDllXXDIZXXD13XXD14XXD15XX

—p - tDQ;DQI(min)

D%HZF&;S XX DO|f D1 XX UZXX D3XX D4XX DSXX DGXX WXX DBXX D9 WDleXDI1XXD12MD13XXD14XXD15XX
— - t]:DQDQI(maX)

Dc}(’litBtI;S DOXX DlXX D’ZXX DSXX MXX D5XX D6XX D7XX DSXX D‘?XXDIOXXDHWDIZ D13) D14XXD15XX

Case 2: Positive tWCK2DQI

<—— tWCK2DQI

DQ/ (EIZL;S XX Dom D1 XX D’ZW D3><x D4XX D5 Xx D6XX D7“ DSXX D9leOXXDllXxDlZXXDleXDMleSXX
—P» — tDQDQI(min)

D%IIZFIIDIS XX DO|f D1 XX DZXX mxx D4XX DSXX Déxx Wm DS)X D9 XXDlOXXDllXxDleXDBWDMXXDlSXX

—p — tDQDQI(max)

e I 01 D 1 2 B D B

NOTE1 WLmrs is the WRITE latency programmed in Mode Register MRO.

NOTE2 Timings are shown with positive tWCK2CKPIN and tWCK2CK values. See WCK2CK timings for tWCK2CKPIN and tWCK2CK ranges.

NOTE 3 tWCK2DQI parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode operation and design imple-
mentation. They also vary across PVT. Data training is required to determine the actual tWCK2DQI value for stable WRITE operation.

NOTE 4 tDQDQI defines the minimum to maximum variation of tWCK2DQI within a double byte.

NOTE5 Data Read timings are used for CRC return timing from WRITE commands with CRC enabled.

Figure 62 — WRITE Word Lane Timing in QDR Mode
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7.6 WRITE (WOM) (cont’d)

Case 1: Negative tWCK2DQI

—~| tWCK2DQI

" ey o] o o [ o J o [ on o o]

—p»! <— tDQDQI(min)

D%lg?lla:g XXDOWDlKXDZWD3XXD4XXD5XXD6XXD7XX

— - HEDQDQI(max)
D()(’la]:S)tBII)Tg Do D1 D2 XX D3 XX D4 XX D5 XX D6 XX D7 XX

Case 2: Positive tWCK2DQI

a—— tWCK2DQI

DQ’ (glzla_nr; XX DO Xx D1 XX D2 Xx D3 XX D4 XX D5 KX D6 Xx D7 KX
— <«@— DQDQI(min)

D%lg?ézg XX DIO XX D1 XX D2 XX D3 XX D4 XX D5 XX D6 Xx D7 XX
—> <@— tDQDQI(max)

DQ(iiféTtr)l W Do M D1 XX D2 M D3 XX D4 M D5 M D6 W D7 M

NOTE1 WLmrs is the WRITE latency programmed in Mode Register MRO.

NOTE2 Timings are shown with positive tWCK2CKPIN and tWCK2CK values. See WCK2CK timings for tWCK2CKPIN and tWCK2CK ranges.

NOTE 3 tWCK2DQI parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode operation and design imple-
mentation. They also vary across PVT. Data training is required to determine the actual tWCK2DQI value for stable WRITE operation.

NOTE 4 tDQDQI defines the minimum to maximum variation of tWCK2DQI within a double byte.

NOTE5 Data Read timings are used for CRC return timing from WRITE commands with CRC enabled.

Figure 63 — WRITE Word Lane Timing in DDR Mode

Upon completion of a burst, assuming no other WRITE data is expected on the bus, the DQ and DBI_n
pins are driven according to the ODT state and any additional input data will be ignored. Data for any
WRITE burst may not be truncated with a subsequent WRITE command.

Subsequent timing diagrams illustrate different cases of write operations. The figures are drawn for QDR
mode; they also apply to DDR mode with the exception that the data burst of 16 (DO .. D15) on the DQ/
DBI_n pins is replaced by a data burst of 8 (DO .. D7) as shown in Figure 66 for a single WRITE burst.

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 tccp timing. If that WRITE command is to another bank then an ACTIVATE

command must precede the WRITE command and trcpwr also must be met.

A READ can be issued any time after a WRITE command as long as the internal turn around time tyyg is

met. If that READ command is to another bank, then an ACTIVATE command must precede the READ
command and tgcpgrp also must be met.
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7.6 WRITE (WOM) (cont’d)

A PRECHARGE can also be issued after tyyg has been met. After the PRECHARGE command, a
subsequent command to the same bank cannot be issued until tgp is met.

The data inversion flag is received on the DBI_n pin. If DBI_n is Low, the data is stored after the inversion
and is not inverted if DBI_n is High. WRITE data inversion can be enabled (A9 = 0) or disabled (A9 =1)
using WDBI in MR1.

When enabled by the WRCRC flag in MR4, EDC data are returned to the controller with a latency of
(WLmrs + CRCWL) * tCK + tWCKZCKPIN + tWCKZCK + tWCKZDQO/ where CRCWL is the CRC write latency
programmed in MR4 and twckopgo is the WCK to DQ/DBI_n/EDC phase offset at the DRAM pins.

evp (wrire Y ~or Y nor X nor X wor X wor X wor )
ADDR _ XEAXeank_ X X X KX X X )

I WLmrs =3 i
WCK_t _\_/ -t '
WCK_c -

DQ,
DBI_n

EDC EDC Hold Pattern

D Don't Care

NOTE1 BAx=bank address x; CAn = column address n. D0..D15 = data burst with BL=16.

NOTE2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE5 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and trcpwg must be met.
NOTE 6  twckopgr =0 is shown for illustration purposes.

Figure 64 — Single WRITE without EDC
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7.6 WRITE (WOM) (cont’d)

\ /

\ / \ / /

\
L —

i i i (« i

CMD< WRITE X NOP X NOP X NOP X NOP X NOP X;Z NOP X NOP X NOP X NOP X NOP >

WCK_t —\(-_")
WCK_¢ —

DQ,
DBL_n

EDC EDC Hold Pattern EDC Hold P.

D Don't Care
NOTE1 BAx=bank address x; CAn = column address n. D0..D15 = data burst with BL=16. E0..E7 = CRC burst with BL=8.

NOTE2 WLmrs =3 and CRCWL = 8 are shown as examples. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE5 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and trcpwg must be met.
NOTE 6  twckopgr twekepgo = 0 is shown for illustration purposes.

Figure 65 — Single WRITE with EDC

. ‘ . ! ! : P i . . .
CMD< WR}ITE X N?P X N(I)P X N?P X N(IDP X N(I)P ng N?P X N(EDP X N(EDP X N(EDP X N(EDP >

EDC Hold Pattern ( W (=) EDC Hold P.

D Don't Care
NOTE1 BAx=bank address x; CAn = column address n. D0..D7 = data burst with BL=8. E0..E7 = CRC burst with BL=8.
NOTE2 WLmrs =3 and CRCWL = 8 are shown as examples. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE5 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwr must be met.
NOTE 6  twckopqr twekapgo = 0 is shown for illustration purposes.

Figure 66 — Single WRITE with EDC in DDR Mode



JEDEC Standard No. 232A.01
Page 74

7.6

CMD

ADDR

WCK_t
WCK_c

DQ,
DBL n

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

NOTE 6

NOTE 7
NOTE 8

CMD

ADDR

WCK _t
WCK _c

DQ,
DBI_n

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

NOTE 6

NOTE 7
NOTE 8

WRITE (WOM) (cont’d)

\ /
[—)

\ / / '\ I / \ v \ / \ N
L— L — | — L— L— LU— L— —

< WRITE X NOP X NOP X WRITE X NOP X NOP X NOP X NOP X NOP X NOP X NOP >
Bhwlcam(_ X X X REeanX X X X X X K X XX X )
A CAn,

WLmrs =3

A

WLmrs =3

_X—_“)
"
—

D Don't Care
BAXx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data burst with BL=16.
WLmrs = 3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
WCK and CK are shown aligned (tywcxaockpin=0, twckock=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.
EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.
tcep = teepr when bank groups are enabled and both WRITEs access banks in the same bank group; otherwise tccp=tccps.

For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and tgcpwgr must be met.
twckepqr = 0 is shown for illustration purposes.

Figure 67 — Non-Gapless WRITEs

<WRITE X NOP XWRITE X NOP X NOP X NOP X NOP X NOP X NOP X NOP X NOP >
pEstar- i Juntn st sk snds Sendens St suds sundens
BAmtcam_ X K@ eanX XX X X O X X K X XX X )
A CAn,
i > WLmrs =3
WLmrs=3

20 D15 ][]

DO .. D15

] I L1

D Don't Care
BAXx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data burst with BL=16.
WLmrs = 3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

WCK and CK are shown aligned (twcgackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.
tcep = tcepL when bank groups are enabled and both WRITEs access banks in the same bank group; otherwise tccp=tccps.

For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and tgcpwg must be met.
twckzpqr = 0 is shown for illustration purposes.

Figure 68 — Gapless WRITEs
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WCK_t
WCK_c

DQ,
DBI_n

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5
NOTE 6

NOTE 7

NOTE 8

CMD< WRITE X NOP X NOP X NOP >< NOP X NOP X NOP X NOP ZZX PRE X NOP X NOP >
ook YERE OO ........'I@....

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

NOTE 6
NOTE 7

)
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WRITE (WOM) (cont’d)

TO T1 T3 T4 T5 T6 Ta0 Tal Ta6 Ta7 Ta8

1=
13
Pl

[T EE

D Don't Care

BAXx,y = bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data burst with BL=16.

WLmrs = 3 and RLmrs = 6 are shown as examples.. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
WCK and CK are shown aligned (twckocxpin=0, twckacx=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

twtr = twrL When bank groups is enabled and both WRITE and READ access banks in the same bank group, otherwise tyrr=twrrs.

For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

An ACTIVATE (ACT) command is required to be issued before the WRITE and READ commands, and trcpwr Or treprp, respectively,
must be met.
twekapar twekepgo = 0 is shown for illustration purposes.

Figure 69 — WRITE to READ

/
N

Y

WLmrs =3 i

D Don't Care

BAx =bank address x; CAn = column address n. D0..D15 = data burst with BL=16.

WLmrs = 3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

WCK and CK are shown aligned (tywckackpin=0, twckock=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.
twckopqr = 0 is shown for illustration purposes.

Figure 70 — WRITE to PRECHARGE
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7.6.1 DQ Write Preamble

DQ write preamble may precede all WRITE bursts to condition the GDDR5X SGRAM'’s power system and
data input receiver for better signal integrity on the initial data of a WRITE burst.

The actual preamble data pattern is not specified and may vary depending on system characteristics. All
data received during DQ write preamble cycles are ignored.

7.7 WRITE LOWER and UPPER BYTES (WOML/WOMU)

The GDDR5X SGRAM adds two single-cycle WRITE commands that perform the same write operation as
the WOM command but only on either the lower or uppper half of the data bus. The commands provide
implicit data masking for the other half of the data bus; they reflect that consecutive blocks of data are
favorably stored in memory locations associated with either CAL and CAU column addresses. The same
data masking function can also be achieved by the use of the WDM command, but at the expense of an
additional data mask cycle on the address/command bus.

® WOML: WRITE to lower bytes performs the same write as a WOM command except that write data are
received on bytes 0 and 1 (WCKO01 domain) only, while write data received on bytes 2 and 3 (WCK23
domain) are implicitly masked and ignored. The lower column address (CAL) is associated with the
WOML command, and the upper column address (CAU) is ignored.

® WOMU: WRITE to upper bytes performs the same write as a WOM command except that write data are
received on bytes 2 and 3 (WCK23 domain) only, while write data received on bytes 0 and 1 (WCKO01
domain) are implicitly masked and ignored. The upper column address (CAU) is associated with the
WOMU command, and the lower column address (CAL) is ignored. With address compatibility mode
enabled, CAL becomes the valid column address.

CK_c
CK_t

CKE_n Low

RASn / \
CASn / \
WE.n 1\ /_—

a10 — oMy |
A0 A XXCAL)
WOML |

e

BAO-BA3 :X:D.-C WOML = WRITE lower data bytes
A2-A5 BA . WOMU = WRITE upper data bytes

EN AP ! BA =Bank Address
ﬁg -. CAL  =Lower Column Address
DIS AP ! CAU  =Upper Column Address

A9 . ' CA = Column Address
Al . (DDR mode only)

L ; EN AP = Enable Auto Precharge
Al12,A14 8
A13,A15 . DIS AP = Disable Auto Precharge

Figure 71 — WRITE Lower / Upper Bytes Commands
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7.7 WRITE LOWER and UPPER BYTES (WOML/WOMU) (cont’d)

Figure 72 illustrates the use of the WOML and WOMU commands. The commands are also available in
DDR operating mode, with the only difference that the commands initiate a write with a burst of 8.

y | y Y Y
v ! v [ 1 [
1 i 1 i 1 i
1 1 1 1 {
1 1 i 1 i

o (wort Y o Y wow Y mor Y or Y mor X or X or X wor )

: tCCD : : : ! : ! !
. . . : : : : : :
BA BA
APDR _ERNeamX” X XEARXcan_ X X X X X X O X XD
i P WLmrs =3
V WLmrs =3 h
<

WCK_t A
WCK _c¢ ix—/

DRI \ | [T B
DBil10] n UL bS] | |

D Don't Care
NOTE1 BAXx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data burst with BL=16.
NOTE2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twcgockrin=0, twekock=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.
NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.
NOTE5 tcep = teepr, when bank groups are enabled and both WRITEs access banks in the same bank group; otherwise tccp=tccps.

NOTE 6 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE7 An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and trcpywr must be met.
NOTE 8  twckopgr = 0 is shown for illustration purposes.

Figure 72 — WRITE Lower and Upper Bytes
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7.8 WRITE DATA MASK (WDM/WSM)

The traditional method of using a DM pin for write data mask must be abandoned for a new method. Due
to the high data rate of GDDR5X SGRAMs, bit errors are expected on the interface and are not recoverable
when they occur on the traditional DM pin.

The write data mask is received over the address following the bank/column address cycle associated with
the command, during the NOP command(s) between the WRITE command and the next command. The
data mask is used to mask the corresponding data according to Table 23.

Table 23 — Data Mask States

FUNCTION DM, LDM, UDM VALUE DQ
Write Enable 0 Valid
Write Inhibit 1 Ignored

Two additional WRITE commands that augment the traditional WRITE Without Mask (WOM) are
required for proper DM support.

WDM: WRITE with double-byte mask is a two-cycle command where the first cycle carries address
information and the second cycle carries data mask, Lower Lane Data Mask (LDM) and Upper Lane
Data Mask (UDM) information as shown in Figure 73 and Table 25. The command provides quad-byte
mask granularity when LDM and UDM are both set to 0. The command provides double-byte mask
granularity on the upper two data bytes when LDM is set to 1 to inhibit writes on the lower two data
bytes. Similarily, the command provides double-byte mask granularity on the lower two data bytes
when UDM is set 1 to inhibit writes on the upper two data bytes.

WSM: WRITE with single-byte mask is a three-cycle command where the first cycle carries address
information and the second and third cycle carry data mask, Lower Lane Data Mask (LDM) and Upper
Lane Data Mask (UDM) information as shown in Figure 74 and Table 26. The command provides
double-byte mask granularity when LDM and UDM are both set to 0. The command provides single-
byte mask granularity on the upper two data bytes when LDM is set to 1 to inhibit writes on the lower
two data bytes. Similarily, the command provides single-byte mask granularity on the lower two data
bytes when UDM is set 1 to inhibit writes on the upper two data bytes.

Table 24 summarizes the options using UDM and LDM in conjunction with WDM and WS5M commands.

Table 24 — Use of UDM and LDM with WDM and WSM Commands in QDR Mode

UDM LDM DQI31:16] DQI15:0]
0 0 Write determined by DM bits
0 1 Write determined by DM bits Write Inhibit
1 0 Write Inhibit Write determined by DM bits
1 1 Reserved
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7.8 WRITE DATA MASK (WDM/WSM) (cont’d)
The following timing diagrams illustrate the use of LDM and UDM for lane masking in detail:

® Figure 75 and Figure 77 illustrate the use of the LDM and UDM to achieve double-byte and single-byte
granularity with WDM and WSM commands, respectively. Both figures show two seamless WDM and
WSM commands. A12 (LDM) is set to 0 and A13 (UDM) is set to 1 along with the first WDM or WSM
command; the DM bits are applied to the lower two data bytes only while writes to the upper two data
bytes are masked by UDM. A12 and A13 are then set to opposite values along with the second WDM
and WSM command; the data mask bits are applied to the upper two data bytes only while writes to
the lower two data bytes are masked by LDM.

® Figure 76 and Figure 78 illustrate WDM and WSM commands without LDM or UDM to achieve quad-
byte and double-byte granularity, respectively. The figures show single WDM and WSM commands
with A12 and A13 both set to 0. The DM bits are applied to all four data bytes.

‘ ‘ ‘ BA =Bank Address

AAlé \O< cA >O< DM X:X DM X: CAL =Lower Column Address

‘ ‘ ‘ CAU =Upper Column Address

BAg_zBiﬁg :X BA >O< CAL >O< DM X:X DM X: CA  =Column Address (*)

‘ ‘ ‘ ‘ DM  =Data Mask
A8 :X_X:X LDM = Lower Lane Data Mask (**)
CAU >O< bM X:X bM X: UDM = Upper Lane Data Mask (**)
EN AP = Enable Auto Precharge

2? :X CAU X:X CAL >O< DM X:X DM X: DIS AP = Disable Auto Precharge

\
Al12 * i .
CAU CAU LDM UDM (*) in DDR mode only;
Al3 :X I X:X I >O< X:X X: Bit is Don’t Care in QDR mode
Al4d (**) in QDR mode only;
Al15 CAU CAU \<:>/ \C Bit is Don’t Care in DDR mode

Figure 73 — WRITE-With-Doublebyte-Mask Command
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7.8 WRITE DATA MASK (WDM/WSM) (cont’d)

\
\ / \

A1 XODOCEDADDOOO OO

f&%:XCz‘\UX}(CzTUX:XLDMX:XUDMX:X ‘ XX ‘ X
X T OO0

Al4 CAU

‘A15 CAU

BA =Bank Address

CAL =Lower Column Address
CAU = Upper Column Address
CA = Column Address (*)

DM  =Data Mask
LDM = Lower Lane Data Mask (**)
UDM = Upper Lane Data Mask (**)

EN AP = Enable Auto Precharge
DIS AP = Disable Auto Precharge

(*) in DDR mode only;

Bit is Don’t Care in QDR mode
(**) in QDR mode only;

Bit is Don’t Care in DDR mode

Figure 74 — WRITE-With-Singlebyte-Mask Command
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WRITE DATA MASK (WDM/WSM) (cont’d)

JEDEC Standard No. 232A.01

Table 25 — WDM Mapping (QDR Mode)

Byte and Burst Position Masked during WDM
A12=0,A13=0
ADD CK_t ADD CK_c
Rising Edge Rising Edge
ADD Byte Burst | ADD Byte Burst
A10 | DQI[31:0] 0 A0 | DQ[31:0] 4
A9 | DQ[31:0] 1 Al | DQ[31:0] 5
BAO | DQ[31:0] 2 A2 | DQ[31:0] 6
BA3 | DQ[31:0] 3 A3 | DQ[31:0] 7
BA2 | DQ[31:0] 8 A4 | DQ[31:0] 12
BA1 | DQ[31:0] 9 A5 | DQ[31:0] 13
A1l | DQI31:0] 10 A6 | DQ[31:0] 14
A8 | DQ[31:0] 11 A7 | DQ[31:0] 15
Al12=0,A13=1
ADD CK_t ADD CK_c
Rising Edge Rising Edge
ADD Byte Burst | ADD Byte Burst
A10 | DQI15:0] 0 A0 | DQ[15:0] 4
A9 | DQ[15:0] 1 Al DQ[15:0] 5
BAO | DQ[15:0] 2 A2 | DQ[15:0] 6
BA3 | DQ[15:0] 3 A3 | DQ[15:0] 7
BA2 | DQ[15:0] 8 A4 | DQ[15:0] 12
BA1 | DQ[15:0] 9 A5 | DQ[15:0] 13
A1l | DQI15:0] 10 A6 | DQ[15:0] 14
A8 | DQ[15:0] 11 A7 | DQ[15:0] 15
A12=1,A13=0
ADD CK_t ADD CK_c
Rising Edge Rising Edge
ADD Byte Burst | ADD Byte Burst
A10 | DQ[31:16] 0 A0 | DQI[31:16] 4
A9 | DQ[31:16] 1 Al | DQI[31:16] 5
BAO | DQI[31:16] 2 A2 ] DQI[31:16] 6
BA3 | DQ[31:16] 3 A3 | DQ[31:16] 7
BA2 | DQ[31:16] 8 A4 | DQ[31:16] 12
BA1 | DQI[31:16] 9 A5 | DQ[31:16] 13
All | DQ[31:16] 10 A6 | DQ[31:16] 14
A8 | DQ[31:16] 11 A7 | DQ[31:16] 15
Al12=1,A13=1
ADD CK_t ADD CK_c
Rising Edge Rising Edge
ADD Byte Burst | ADD Byte Burst
Reserved

Page 81



JEDEC Standard No. 232A.01
Page 82

7.8

WRITE DATA MASK (WDM/WSM) (cont’d)

Table 26 — WSM Mapping (QDR Mode)

Byte and Burst Position Masked during WSM

Al12=0,A13=0

ADD CK_t ADD CK_c ADD CK_t ADD CK_c
1st Rising Edge 1st Rising Edge 2nd Rising Edge 2nd Rising Edge
ADD Byte Burst | ADD Byte Burst | ADD Byte Burst | ADD Byte Burst
A10 |DQ[31:24,7:0] 0 A0 |DQ[31:24,7:0] 4 A10 | DQI23:8] 0 A0 DQ[23:8] 4
A9 |DQ[31:24,7:0] 1 Al |DQ[31:24,7:0] 5 A9 DQ[23:8] 1 Al DQ[23:8] 5
BAO |DQ[31:24,7:0] 2 A2 |DQ[31:24,7:0] 6 BAO | DQ[23:8] 2 A2 DQ[23:8] 6
BA3 |DQI[31:24,7:0] 3 A3 |DQI[31:24,7:0] 7 BA3 | DQI23:8] 3 A3 DQ[23:8] 7
BA2 |DQI[31:24,7:0] 8 A4 IDQ[31:24,7:0] 12 | BA2 | DQI23:8] 8 A4 DQ[23:8] 12
BA1 |DQ[31:24,7:0] 9 A5 |DQ[31:24,7:0] 13 | BAl1 | DQI23:8] 9 A5 DQ[23:8] 13
A1l |DQ[31:24,7:0] 10 A6 |DQ[31:24,7:0] 14 | A1l | DQI23:8] 10 Ab DQ[23:8] 14
A8 |DQ[31:24,7:0] 11 A7 |DQI[31:24,7:0] 15 A8 DQ[23:8] 11 A7 DQ[23:8] 15
Al12=0,A13=
ADD CK_t ADD CK_c ADD CK_t ADD CK_c
1st Rising Edge 1st Rising Edge 2nd Rising Edge 2nd Rising Edge
ADD Byte Burst | ADD Byte Burst | ADD Byte Burst | ADD Byte Burst
A10 DQ[7:0] 0 A0 DQ[7:0] 4 A10 | DQI15:8] 0 A0 DQ[15:8] 4
A9 DQ[7:0] 1 Al DQ[7:0] 5 A9 DQ[15:8] 1 Al DQ[15:8] 5
BAO DQI7:0] 2 A2 DQI7:0] 6 BAO | DQ[15:8] 2 A2 DQ[15:8] 6
BA3 DQI7:0] 3 A3 DQI7:0] 7 BA3 | DQ[15:8] 3 A3 DQ[15:8] 7
BA2 DQ[7:0] 8 A4 DQ[7:0] 12 | BA2 | DQJ[15:8] 8 A4 DQ[15:8] 12
BA1 DQI7:0] 9 A5 DQI7:0] 13 | BA1 | DQJ15:8] 9 A5 DQ[15:8] 13
All DQI7:0] 10 A6 DQI7:0] 14 | A11 | DQJ15:8] 10 A6 DQ[15:8] 14
A8 DQ[7:0] 11 A7 DQ[7:0] 15 A8 DQ[15:8] 11 A7 DQ[15:8] 15
Al12=1,A13=
ADD CK_t ADD CK_c ADD CK_t ADD CK_c
1st Rising Edge 1st Rising Edge 2nd Rising Edge 2nd Rising Edge
ADD Byte Burst | ADD Byte Burst | ADD Byte Burst | ADD Byte Burst
A10 | DQ[31:24] 0 A0 | DQI[31:24] 4 A10 | DQ[23:16] 0 A0 | DQI23:16] 4
A9 | DQI31:24] 1 Al | DQI[31:24] 5 A9 | DQI23:16] 1 Al | DQI23:16] 5
BAO | DQ[31:24] 2 A2 | DQI[31:24] 6 BAO | DQ[23:16] 2 A2 | DQI23:16] 6
BA3 | DQ[31:24] 3 A3 | DQI31:24] 7 BA3 | DQI[23:16] 3 A3 | DQI23:16] 7
BA2 | DQ[31:24] 8 A4 | DQI[31:24] 12 | BA2 | DQ[23:16] 8 A4 | DQI23:16] 12
BA1 | DQ[31:24] 9 A5 | DQI31:24] 13 | BA1 | DQ[23:16] 9 A5 | DQI23:16] 13
All | DQ[31:24] 10 A6 | DQI[31:24] 14 | A1l | DQ[23:16] 10 A6 | DQI23:16] 14
A8 | DQI[31:24] 11 A7 | DQI[31:24] 15 A8 | DQI23:16] 11 A7 | DQI23:16] 15
Al12=1,A13=
ADD CK_t ADD CK_c ADD CK_t ADD CK_c
1st Rising Edge 1st Rising Edge 2nd Rising Edge 2nd Rising Edge
ADD Byte Burst | ADD Byte Burst | ADD Byte Burst | ADD Byte Burst

Reserved
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7.8 WRITE DATA MASK (WDM/WSM) (cont’d)

\ \
N

CM;< wom X N(j)P X W];)M X NOP X N%)P X Nop X Nop X Nop X NOP )

tCCD
)

ADDR _ XEA3 X can)X oM X oM XERRXcamX oM X oM X X X X X X X X X )

A Do\ / Neamieany™ M\ L XXX O XXX

WLmrs =3

DBI33] \ [LTToe. ois [T]]]
T (Masked by DM bits)

DBILO] WL oo p1s [T ] |
T (Masked by DM bits) | ‘

D Don't Care

NOTE1 BAx=bank address x; CAn,m = column address n,m. D0..D15 = data burst with BL=16.

NOTE 2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE 3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTE5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and trcpwg must be met.

NOTE7  twckopqr = 0 is shown for illustration purposes.

Figure 75 — WDM Timing with Byte Lane Masking

\ ’ \ ’
| I f 1 | f f

| | | | | [l [t
| i | i | | |
| | | | | | |

CMD< WDM X NOP X NOP X NOP X NOP X NOP X NOP >

ADDR _ XeiKeankomXomX” X X X X XX X XD

A Dlemfem L OXOOOOOOO0

| i i
_WLmrs=3 - i i i

D Don't Care

NOTE1 BAx =bank address x; CAn = column address n. D0..D15 = data burst with BL=16.

NOTE2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE 3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTES5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.

NOTE7  twckopgr = 0 is shown for illustration purposes.

Figure 76 — WDM Timing without Byte Lane Masking
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7.8 WRITE DATA MASK (WDM/WSM) (cont’d)

}A &:

& L]
D DD G0 €D €D €0 ) ) ) CDCDCD 6 & & & &0
A DX A OOOOOOC

WLmrs =3

WCK_t —\_/‘
WCK_c -4\

DBIBAL \ / HHIEMNE
a ; (Masked by DM bits)
DBilLo] & (B [ | [
(Masked by DM bits) ’
I:l Don't Care

NOTE1 BAx=bank address x; CAn,m = column address n,m. D0..D15 = data burst with BL=16.

NOTE 2 WLmrs = 3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTE5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and trcpywg must be met.
NOTE7  twckapgr = 0 is shown for illustration purposes.

Figure 77 — WSM Timing with Byte Lane Masking

v (wsm X nor X ~or X nor X nor X wor X wor )

S, S5\C CD.C0\CN COE S S, 99 S0\90,
W5 Keafeanh 1 A XOCXOC KOO

I:l Don't Care

NOTE1 BAx=bank address x; CAn = column address n. D0..D15 = data burst with BL=16.

NOTE 2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTE5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.
NOTE7  twckopqr = 0 is shown for illustration purposes.

Figure 78 — WSM Timing without Byte Lane Masking
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No LDM or UDM bits are associated with WDM and WSM commands in DDR operating mode, making
address bits A12 and A13 Don’t Care. The data mask information is applied according to Table 27 and

Table 28.

Figure 79 and Figure 80 illustrate WDM and WSM commands in DDR operating mode.

Table 27 — WDM Mapping (DDR Mode)

Byte and Burst Position Masked during WDM

ADD CK_t ADD CK_c
Rising Edge Rising Edge
ADD Byte Burst | ADD Byte Burst
A10 | DQI15:0] 0 A0 | DQ[15:0] 4
A9 | DQ[15:0] 1 Al DQ[15:0] 5
BAO | DQ[15:0] 2 A2 | DQ[15:0] 6
BA3 | DQ[15:0] 3 A3 DQ[15:0] 7
BA2 | DQ[31:16] 0 A4 | DQ[31:16] 4
BA1 | DQ[31:16] 1 A5 | DQ[31:16] 5
A1l | DQ[31:16] 2 A6 | DQ[31:16] 6
A8 | DQI31:16] 3 A7 | DQI31:16] 7

Table 28 — WSM Mapping (DDR Mode)

Byte and Burst Position Masked during WSM
ADD CK_t ADD CK ¢ ADD CK_t ADD CK _c¢
1st Rising Edge 1st Rising Edge 2nd Rising Edge 2nd Rising Edge

ADD Byte Burst | ADD Byte Burst | ADD Byte Burst | ADD Byte Burst
A10 | DQ[7:0] 0 A0 DQ[7:0] 4 A10 | DQI15:8] 0 A0 | DQ[15:8] 4
A9 DQ[7:0] 1 Al DQ[7:0] 5 A9 | DQ[15:8] 1 Al | DQ[15:8] 5
BAO | DQI7:0] 2 A2 DQ[7:0] 6 BAO | DQ[15:8] 2 A2 | DQ[15:8] 6
BA3 | DQI7:0] 3 A3 DQ[7:0] 7 BA3 | DQ[15:8] 3 A3 | DQ[15:8] 7
BA2 | DQ[23:16] 0 A4 | DQI[23:16] 4 BA2 | DQ[31:24] 0 A4 | DQ[31:24] 4
BA1 | DQ[23:16] 1 A5 | DQI[23:16] 5 BA1 | DQ[31:24] 1 A5 | DQ[31:24] 5
A1l | DQ[23:16] 2 A6 | DQ[23:16] 6 A1l | DQ[31:24] 2 A6 | DQ[31:24] 6
A8 | DQI[23:16] 3 A7 | DQ[23:16] 7 A8 | DQ[31:24] 3 A7 | DQ[31:24] 7
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7.8.1  Write with Data Mask (DM) in DDR Operating Mode (cont’d)

CMD< WDM X NOP X NOP X NOP X NOP X NOP X NOP >

ADDR @@@.‘.‘.‘.‘.
i @@......I...I

D Don't Care

NOTE1 BAx=Dbank address x; CAn = column address n. D0..D7 = data burst with BL=8.

NOTE2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twcxockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTE5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.

NOTE7  twckopqr = 0 is shown for illustration purposes.

Figure 79 — WDM Timing in DDR Mode

\ \ \
| | f | | f V

| | | | | | [l
| | ' | | ' |
| ! ! | ! ! !

CMD< WSM X NOP X NOP X NOP X NOP X NOP X NOP >

ADDR @@@@@.‘.‘.‘.
i @@.....I.....

WLmrs = 3 i i i i

D Don't Care

NOTE1 BAx=bank address x; CAn = column address n. D0..D7 = data burst with BL=8.

NOTE2 WLmrs =3 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckockpin=0, twckock=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTES5 For WRITE operations it is important that the latching point meets the data valid window requirements, which may or may not be center
aligned at the pins.

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.

NOTE7  twckopgr = 0 is shown for illustration purposes.

Figure 80 — WSM Timing in DDR Mode
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7.9 READ

A READ burst is initiated with a READ command as shown in Figure 81. The bank and column addresses
are provided with the READ command and auto precharge is either enabled or disabled for that access
with the A8 address. If auto precharge is enabled, the row being accessed is precharged at the completion
of the burst after tg g(min) has been met or after the number of clock cycles programmed in the RAS field
of MRS5 bits A[11:6], depending on the implementation choice per DRAM vendor. The length of the burst
initiated with a READ command depends on the selected mode: in QDR mode the burst length is sixteen
for DQ/DBI_n and eight for EDC, and in DDR mode the burst length is eight for DQ/DBI_n/EDC. The
column address is unique for this burst of sixteen or eight. There is no interruption nor truncation of
READ bursts.

CK_c
CK_t

CKE_n Low

RASn / \ .
CAS_n '\ /__

WE_n /

"A0 AL
g
cis

A8 EN'AP | BA =Bank Address
A7 -. CAL =Lower Column Address
DIS AP ! CAU  =Upper Column Address

A9 \ I CA  =Column Address
Al . (DDR mode only)
A12,A14 EN AP = Enable Auto Precharge
A13,A15 . DIS AP = Disable Auto Precharge
Figure 81 — READ Command

During READ bursts, the first valid data-out element will be available after the read latency (RL). The read
latency is defined as RLmrs * tey + tyckockpiN + twekeck * twekepgo, where RLmrs is the number of

clock cycles programed in MRO, tywckockpin is the phase offset between WCK and CK at the pins when
phase aligned at the phase detector, tyycgock is the alignment error between WCK and CK at the phase
detector, and twckopgo is the WCK to DQ/DBI_n/EDC offset as measured at the DRAM pins. The total

delay is relative to the data eye initial edge averaged over one double-byte. The maximum skew within a
double-byte is defined by tpopgo-

READ word lane timings for QDR mode are illustrated in Figure 82, and READ word lane timings for
DDR mode in Figure 83.
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7.9 READ (cont’d)

a—| tWCK2CKPIN + tWCK2CK —PWCKH-—  — P {tWCKL —

W L S G e o

Case 1: Negative tWCK2DQO
tWCK2DQO

DQ,(gEIa;S I DOXX 01»( DZXX DSXX MXX DSXX D(,XX WXX DSXX D9XXD10 D11}0(D12XXD13XXD14 DlSXX
\

(mEe];)nC) DOXXDlXXDZXXDSXXD4XXD5XXD6XXD7W
— P - tD(gDQO(min)

e ) ] o o el o 0 G
=1

S 0 I I I I

DO, DBL n —Ni r— tl‘DQDQO(maX)

o 0 0 o G B
i 5] o [ = (o[ o ==l

g

Case 2: Positive tWCK2DQO
: tWCK2DQO

DQ DBLn, D()“D1HD2HD3 | D4} D5 | D6 | D7 D8MD9HD10“D11 [DleDBHDmHDEM
(mean) }
(m]i];f) DOWDIWDZWDBXXMXXWXXD(’XXWYX

— | «— tDQDQO(min)

D%IEFII;; D? XX D1 XX DZW DSXX D4XX DSXX DGXX D7XX DSM D9 XXDlOXXDHXXDIZXXD13XXD14XXD15XX
I

S Sl == o] o]
—N — tDQDQO(max)
P 00 0 S D D D D )
S T I I I I I

NOTE1 RLmrs is the READ latency programmed in Mode Register MRO.

NOTE 2 Timings are shown with positive tWCK2CKPIN and tWCK2CK values. See WCK2CK timings for tWCK2CKPIN and tWCK2CK ranges.

NOTE 3 tWCK2DQO parameter values could be negative or positive numbers, depending on PLL-on-or PLL-off mode operation and design imple-
mentation. They also vary across PVT. Data training is required to determine the actual tWCK2DQO value for stable READ operation.

NOTE 4 tDQDQO defines the minimum to maximum variation of tWCK2DQO within a double byte.

Figure 82 — READ Word Lane Timing in QDR Mode
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7.9 READ (cont’d)

RL , tCH ) tCL ) tCK ,
LI > > >
CKc ————= ————= = s N
CK_t ! ! XN N
i<—> tWCK2CKPIN + tWCK2CK —P-WCKH-—  —P»{tWCKL —
Iy DN Eh G En G ) G eS ab o
WCK_c — - S o —

Case 1: Negative tWCK2DQO
r—p tWCK2DQO
DQ DBLn, EDC DO XX D1 XX D2 XX D3 XX D4 XX D5 XX D6 XX D7 XX

(mean)

— - tDQ‘DQO(min)

DQ, DBI(_fir;,s]tEk])DitC) DO »< D1 W D2 XX D3 XX D4 XX D5 XX D6 XX D7 XX

- — tDQDQO(max

—»
DQ/DBIEII;sEIIa)iS DO XX D1 XX D2 XX D3 Xx D4 Xx D5 XX D6 XX D7 XX

Case 2: Positive tWCK2DQO

l<——P| tWCK2DQO

bQ DBI—n(’r’n F;Ia)rg DO W D1 yx D2 W D3 XX D4 XX D5 yx D6 XX D7 yX
DQ, DBI_n, EDC — - maremin
Q (}?rlst bit) ‘DO XX D1 XX D2 W D3 »< D4 W D5 »< D6 XX D7 »<
—»i f— tDQDQO(max)
bQ DBI(E sEl?ltC) DO XX D1 XX D2 XX D3 XX D4 XX D5 XX D6 XX D7 XX

NOTE1 RLmrs is the READ latency programmed in Mode Register MRO.

NOTE 2 Timings are shown with positive tWCK2CKPIN and tWCK2CK values. See WCK2CK timings for tWCK2CKPIN and tWCK2CK ranges.

NOTE 3 tWCK2DQO parameter values could be negative or positive numbers, depending on PLL-on-or PLL-off mode operation and design imple-
mentation. They also vary across PVT. Data training is required to determine the actual tWCK2DQO value for stable READ operation.

NOTE 4 tDQDQO defines the minimum to maximum variation of tWCK2DQO within a double byte.

Figure 83 — READ Word Lane Timing in DDR Mode

Upon completion of a burst, assuming no other READ command has been initiated, all DQ and DBI_n
pins will drive a value of '1' and the ODT will be enabled at a maximum of 1 tcy later. The drive value and
termination value may be different due to separately defined calibration offsets. If the ODT is disabled, the
pins will drive High-Z.

Subsequent timing diagrams illustrate different cases of read operations. The figures are drawn for QDR
mode; they also apply to DDR mode with the exception that the data burst of 16 (DO .. D15) on the DQ/
DBI_n pins is replaced by a data burst of 8 (DO .. D7) as shown in Figure 86 for a single READ burst.

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 tccp timing. If that READ command is to another bank then an ACTIVATE

command must precede the READ command and trcpgrp also must be met.

A WRITE can be issued any time after a READ command as long as the bus turn around time tgyy is met.
If that WRITE command is to another bank, then an ACTIVATE command must precede the second
WRITE command and tgcpwr also must be met.
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7.9 READ (cont’d)

A PRECHARGE can also be issued with the same timing restriction as the new READ command if tgpg is

met. After the PRECHARGE command, a subsequent command to the same bank cannot be issued until
trp is met.

The data inversion flag is driven on the DBI_n pin to identify whether the data is true or inverted data. If
DBI_n is High, the data is not inverted, and if Low it is inverted. READ data inversion can be enabled
(A8=0) or disabled (A8=1) using RDBI in MR1.

When enabled by the RDCRC flag in MR4, EDC data is returned to the controller with a latency of (RLmrs
+ CRCRL) * tCK + tWCKZCKPIN + tWCKZCK + tWCKZDQO’ where CRCRL is the CRC read latency programmed
in MR4.

4

[1]] po.. D15

ODT ODT enabled ODT disabled ODT enabled

EDC EDC Hold Pattern

D Don't Care
NOTE1 BAx =bank address x; CAn = column address n. D0..D15 = data burst with BL=16.
NOTE2 RLmrs =6 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.
NOTE 4 An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
NOTE5 Drive Strengths offsets are programmed in MR2 independently for Pulldown (PD), Pullup (PU) and ODT.
NOTE 6  twckopgo = 0 is shown for illustration purposes.

Figure 84 — Single READ without EDC
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CMD

ADDR

WCK_t
WCK_c
DQ,
DBLn

EDC

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5
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READ (cont’d)

\ /
1 i | ! ]

1 1 1 i i e
1 1 1 1 |

1 1 1 i i

CEETD| Nép X N(;jy X Nép X Nc;m X N(;jy X N(;)P X N(;ap X Nép X N(;)p )

BAXx
CAn,

' RLmrs=6 | 'CRCRL=3
. )

IR

EDC Hold Pattern

i I o i

1d P.
D Don't Care
BAx =bank address x; CAn = column address n. D0..D15 = data burst with BL=16. E0..E7 = CRC burst with BL=8.

RLmrs = 6 and CRCRL = 3 are shown as examples. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

WCK and CK are shown aligned (tywcxockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
twckepqo = 0 is shown for illustration purposes.

Figure 85 — Single READ with EDC

EDC Hold Pattern

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

D Don't Care
BAx =bank address x; CAn = column address n. D0..D7 = data burst with BL= 8. E0..E7 = CRC burst with BL=8.

RLmrs = 6 and CRCRL = 3 are shown as examples. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

WCK and CK are shown aligned (tywcxockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

An ACTIVATE (ACT) command is required to be issued before the READ command, and trcprp must be met.
twckopgo = 0 is shown for illustration purposes.

Figure 86 — Single READ with EDC in DDR Mode
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7.9 READ (cont’d)

\
|

:\.____1
!

Dé?f_i RN TR

D Don't Care
NOTE1 BAXx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data bursts with BL=16.
NOTE 2 RLmrs = 6 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twckockrin=0, twekack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.
NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.
NOTES5  tcep = tcepr, when bank groups are enabled and both READs access banks in the same bank group; otherwise tccp=tccps-
NOTE 6 An ACTIVATE (ACT) command is required to be issued before the READ commands, and tycprp must be met.
NOTE7  twckopqo = 0 is shown for illustration purposes.

Figure 87 — Non-Gapless READs

/
"\ i | | i f f f i\ 1\
I I I I I I 1 ' 1 1 \'_—_—,
i i 1 i 1 1 i v i i
! ! ! ! ! ! ! i ! !

CMD< READ X NOP X READ X NOP X NOP X NOP X NOP X NOP X NOP X NOP X NOP >

tCCD | |

ADDR @.. BACASR. KRR R KR R K K

> RLmrs =6

RLmrs =6

e
ool [ITTE BRI B

D Don't Care

NOTE1 BAx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data bursts with BL=16.

NOTE 2 RLmrs = 6 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTES5  tcep = tcepr, when bank groups are enabled and both READs access banks in the same bank group; otherwise tccp=tccps-

NOTE 6 An ACTIVATE (ACT) command is required to be issued before the READ commands, and tgcprp must be met.

NOTE7  twckapqo = 0 is shown for illustration purposes.

Figure 88 — Gapless READs
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7.9 READ (cont’d)

WCK_t —\(:)
WCK_c —
DBLY R IERHI UL e

I:I Don't Care

NOTE1 BAXx,y =bank addresses x,y; CAm,n = column addresses m,n. D0..D15 = data bursts with BL=16.

NOTE2 RLmrs =6 and WLmrs = 3 are shown as examples. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTES5  trrw is not a device limit but determined by the system bus turnaround time. The difference between twckopgo and twckapgr shall be
considered in the calculation of the bus turnaround time.

NOTE 6 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 pins.

NOTE7 An ACTIVATE (ACT) command is required to be issued before the READ and WRITE commands, and trcprp Or trepwr, respectively,
must be met.
NOTE 8  twckopgr twekapgo = 0 is shown for illustration purposes.

Figure 89 — READ to WRITE

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

i ! ! ] ! | ] | 1 !
CK_c —emmy b b b | b b L o o L |
CK_t : A N : : : : - : : Peenof
CMD< READ X NOP X PRE X NOP X NOP X NOP X NOP X NOP X NOP X NOP X NOP >

{RTP | RP | | | ;

I — 1205511

D Don't Care
NOTE1 BAx=bank address x; CAn = column address n. D0..D15 = data burst with BL=16.
NOTE2 RLmrs = 6 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).
NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.
NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.
NOTE5  trrp = trrpL. when bank groups are enabled and the PRECHARGE command accesses the same bank; otherwise tgrp = tgyps.
NOTE 6 An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
NOTE7  twckopgo = 0 is shown for illustration purposes.

Figure 90 — READ to PRECHARGE
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7.9.1 DQ Read Preamble
DQ read preamble conditions the DQs for better signal integrity on the initial data of a READ burst.

Once enabled by bit A5 in MR7, the DQ read preamble will precede all READ bursts, including non-
consecutive READ bursts with a minimum gap of 1 tcg, as shown in Figure 87. When enabled, the DQ

read preamble pattern applies to all DQ and DBI_n pins in a byte, and the same pattern is used for all
bytes as shown in Figure 91. DQ read preamble is enabled or disabled for all bytes. The EDC pin in each
byte is not included in the DQ read preamble. If ODT is enabled, the ODT is disabled 1 t-k before the start

of the preamble pattern as shown in Figure 92.

The preamble pattern on the DBI_n pin is only enabled if RDBI is enabled by bit A8 in MR1. During the
preamble the DBI_n pin is treated as another DQ pin and the preamble pattern on the DQs is not encoded
with RDBI. If RDBI is disabled, then the DBI_n pin drives ODT.

DQ preamble is supported in QDR mode only; it must be disabled in DDR mode.

Byte 0 Idle Preamble Burst
DQ7 11 /1|1{1{1|1{130(1{0|1({0|1{O0|1}JV|V|V|IVIV|IVIV VIV|IV|VIVIVIV
DQ6 111|111 |1{141(0|1|0{1|0|1|OQV|V|VIVIV|IVIV VIVIV|VIVIVIV
DQ5 1/1/1|1{1{1|1{140(1|0({2(0O 2|0 |1JV|V|V|V|IV|IV|VIVIVIVIVIVIVIVIVIV
DQ4 1/1/1|1{1{1|1{141(0|1|0[21 0|2 |OQV|V|V|V|IV|IV|VIVVIVIVIVIVIVIVIV
DQ3 1(1(1|1(1{1|1{1JO0|{1|{0O|1|O0O|12|O0[1}JV|V|VIV|VIVIV|IVIVIVIVIVIVIVIVV
DQ2 1(1(1|1(1{1|1{1§J1({0[{1|0|1|O|1|O}JV|V|VIV|VIVIV|VIVIVIVIVIVIVIVV
DQ1 11 /1{1{1{1|1{140(1|0(2(O0 1|0 |1JV|V|V|IVIV|IVIVIVIVIVIVIVIVIVI VIV
DQO 11 /1|11 {1|1{141(0|1|0[1 0|2 |OQV|V|V|IV|IV|IVIVIVIVIVIVIVIVIVIVIV
DBIOn J1{1(1(1|1{1{1|140|1({0|1|{O[1|O0|1V|V|V|VIVIVIVIVIVIVIVIVIVIVIVV
Max0's] 0/ 0| O] O O| O| O] O} 5| 4| 5| 4| 5| 4| 5| 4| 4| 4| 4| 4| 4| 4| 4 4| 4| 4| 4| 4|4 4 4|4
Time .

NOTE 1 Byte 0 shown; the same pattern applies to bytes 1 ... 3.

NOTE 2 The number of Max 0’s in the burst is 4 only if RDBI is enabled. Max 0’s is on a per byte basis and does not include the EDC
pin.

NOTE 3 V =Valid Data

Figure 91 — DQ Read Preamble Pattern
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7.9.1 DQ Read Preamble (cont’d)

e (T Y o Y o Y o X Nép X Nép X Nép \ wor X mor X mor X Nép )

g |\
% VUTIITB B
N TIITES B

D Don't Care

NOTE1 BAx =bank address x; CAn = column address n. D0..D15 = data burst with BL=16.

NOTE 2 RLmrs = 6 is shown as an example. Actual supported values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 EDC may be on or off. See Figure 86, Single READ with EDC, for EDC pin timing.

NOTE5 An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

NOTE 6  twckopgo =0 is shown for illustration purposes.

Figure 92 — Read Preamble Timing Diagram

7.9.2 READ with RDQS Mode

To operate at lower clock frequencies, the GDDR5X SGRAM may be put into RDQS mode in which a read
data strobe (RDQS) will be sent on the EDC pins along with the read data. The controller uses the RDQS to
latch the read data.

RDQS mode is enabled by setting bit A5 in MR3. When the bit is set, the device asynchronously terminates
any EDC hold pattern and drives a logic High after tyrp at the latest. All features controlled by MR4 are

ignored in RDQS mode. RDQS mode also requires that the operating mode in MR8 bit A9 is set to DDR
mode.

READ commands are executed as in normal mode regarding command to data out delay and
programmed read latencies. A fixed clock-like pattern as shown in Figure 93 is driven on the EDC pins in
phase (edge aligned) with the DQ. Prior to the first valid data element, this fixed clock-like pattern or read
preamble is driven for 4 U.L .

No CRC is calculated in RDQS mode for reads or writes. The CRC engine is effectively disabled, and the
corresponding WRCRC and RDCRC mode register bits are ignored.

The use of RDQS mode requires that the PLL/DLL is disabled in MR1.
There is no equivalent WDQS mode; WRITE commands to the device are not affected by RDQS mode.

RDQS mode is exited by resetting the RDQS mode bit. In this case the device asynchronously begins
driving the EDC hold pattern after tygp at the latest.
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7.9.2 READ with RDQS Mode (cont’d)

\

Y Y
\ /

f | \ f
[t | | |“""’
' ' | |
! ! ! !

CMD< MES X NOP READ >< NOP 22 NOP X NOP X NOP X NIOP ZZX MRS X NOP NOP >

7

)@@D@ N EOMOOOCOOODB®OMC

_ tMRD

, tMRD +tRCDRD i RLmrs
Ll

N
»
W

WCK_t _\_/
WCK_¢ -

DQ,
DBL n ‘
« {« | i (4
EDC 2 iy ‘ 1\ 4 ) EDC
EDC Hold) ( / AR \_/—\_/_\_/ \ \ ( old
TEnter RDQS Mode Exit RDQS ModeT [] Don't Care

NOTE1 MRA =mode register address; BA =bank address; CA = column address . D0..D7 = data burst with BL=8.

NOTE2 RLmrs = 6 is shown as an example. Actual supported RL values will be found in clause 4 (MR) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckackpin=0, twekack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

NOTE5  twckopgo =0 is shown for illustration purposes.

Figure 93 — RDQS Mode Timings

710 PRECHARGE

The PRECHARGE command is used to deactivate the open row in a particular bank (PRE) or the open row
in all banks (PREALL). The bank(s) will be available for a subsequent row access a specified time tgp after
the PRECHARGE command is issued as illustrated in Figure 94.

A8 determines whether one or all banks are precharged. When only one bank is to be precharged, BA[3:0]
select the bank, otherwise BA[3:0] are treated as “Don’t Care”.

After a bank is 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 and treated as a NOP if there is
no open row in that bank, or if the previously open row is already in the process of precharging.

CK_c \

\ /

CK_t A /
CKE_n TLow

RAS n |\ /

CASn / \

WE_n _\ /

A2-A5 BA
% DG 0CDC
A7

Al4d A12-A9 : BA =Bank address if A8 = Low,
A15,A13,A6,A1-A0 m otherwise Don't Care.

Figure 94 — PRECHARGE Command
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7.10.1 AUTO PRECHARGE

The auto precharge feature performs the same individual bank precharge operation as described in Clause
7.10 but without an explicit command. This is engaged when a READ or WRITE command is issued with
A8 High, and is performed upon completion of the read or write operation. Auto precharge is non
persistent so it must be either enabled or disabled for each individual READ or WRITE command.

Auto precharge ensures the precharge is initiated at the earliest valid stage within a read or write
operation. No other command can be issued to the same bank until the precharge time tgp is completed.

This is determined as if an explicit PRECHARGE command was issued at the earliest possible time, as
described for READ and WRITE commands. An auto precharge operation can occur in parallel with a
PRECHARGE or PRECHARGE ALL command.

711 REFRESH

The (all bank) REFRESH (REFAB) and PER-BANK REFRESH (REFPB) commands are provided for the
refresh of the device during normal operation. The commands are non persistent, so they must be issued
each time a refresh is required. REFAB and REFPB commands are distinguished by the level of the A8
address pin as shown in Figure 95 and Figure 97.

7.11.1 REFRESH (REFAB) Command

A minimum time tggc is required between two REFRESH commands. The same rule applies to any access
command after the refresh operation. All banks must be precharged prior to the REFRESH command.

Refresh addressing is generated by the internal refresh controller. This makes the address bits (except A8)
"Don't Care" during a REFRESH command. The device requires REFRESH cycles at an average periodic
interval of tgggr(max). To allow for improved efficiency in scheduling and switching between tasks, some
flexibility in the absolute refresh interval is provided. A maximum of eight REFRESH commands can be
posted to the device, and the maximum absolute interval between any REFRESH command and the next
REFRESH command is 9 * trgpr.

CK_c
CK_t

CKE_n Low
RAS n |\ /
cas.n '\ /
WEn / \
2D e@Da
A7
BAO-BASALLAIZ-ALO A9 Ty
A15,A13,A0-A6 , ;

Figure 95 — REFRESH (REFAB) Command
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7.11.1 REFRESH (REFAB) Command (cont’d)

L_J

? g
7 7 i1 po.pis[l]]f 7

I:l Don't Care

NOTE1 BAx=bank address x; RAn = row address n. D0..D15 = data burst with BL=16.

NOTE2 WLmrs =3 is shown as an example.. Actual supported values will be found in clause 4 (Mode Register) and 8.8 (AC Timings).

NOTE3 WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset
between WCK and CK.

NOTE 4 WRTR and RDTR commands are allowed during refresh unless disabled in the mode register.

Figure 96 — Refresh Timings

During REFRESH, and when bit A2 in MR5 is set to 0, WRTR, RDTR, and LDFF commands are allowed at
trerTR after the REFRESH command, which enable (incremental) data training to occur in parallel with the

internal refresh operation without loss of performance on the interface. See READ Training and WRITE
Training for details.

As impedance updates from the auto-calibration engine may occur with any REFRESH command, it is safe
to only issue NOP commands during txg period to prevent false command, address or data latching

resulting from impedance updates.

7.11.2 PER-BANK REFRESH (REFPB) Command

The PER-BANK REFRESH command provides an alternative solution for the refresh of the device. The
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.

CK_c
CK_t A /

CKE_n TLow
RAS_n '\ /
CASn '\ /
WEn / \
¥D_oCoC
A7
BAO-BA3
Raas X BA XX X
A15,A13,A6,A0,A1 : ‘

Figure 97 — PER-BANK REFRESH (REFPB) Command
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7.11.2 PER-BANK REFRESH (REFPB) Command (cont’d)

A minimum time tggrp is required between an ACTIVATE command and a REFPB command to a different
bank. A minimum time tgrggp is required between any two REFPB commands (see Figure 99 and Note 1
in Table 30 for an exception requiring trrcpg), and between a REFPB command and an ACTIVATE
command to a different bank. A minimum time trgcpp is required between a REFPB command and an

access command to the same bank that follows. The selected bank must be precharged prior to the REFPB
command.

The row address is generated by an internal counter. This makes the row address bits (except A8) "Don't
Care" during a REFPB command.

A REFPB command to one of the 16 banks can be issued in any order. After all 16 banks have been
refreshed using the REFPB command, and after waiting for at least tgrpcpp, the internal refresh counter is
incremented and the controller can issue another set of 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 controller must track the banks being refreshed by the REFPB command.

The bank count is synchronized between the controller and the device by resetting the bank count to zero.
Synchronization occurs upon exit from reset state or by issuing a REFRESH 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 occurences of synchronization events without
refresh counter increment may result in an insufficient refresh of the memory arrays; it is suggested to issue
additional REFAB commands in that case.

The average rate of REFPB commands trggrpg is given by tgggy/ 16.

At least one REFAB command must be issued upon exit from self refresh mode or after a clock frequency
change. REFAB commands must also be issued during normal operation at a minimum rate of tAggrgg =

1ms to allow impedance updates from the auto-calibration engine to occur.

i « i I i &« i
CMD< ACT X NOP zx REFPB X NOP >>< REFPB X NOP \X ACT X NOP X ACT X NOP >
T ZA T T 7/ T

ADD _ XRRXRAaK_ )

> {RRD P {RREFD P {RREFD =
) Ll
D Don't Care

NOTE1 BAX,y,zs =bank address x,y,z,s; RAa,b,c = row address a,b,c.

Figure 98 — Per-Bank Refresh Timings

| | |
REFPB REFPB REFPB\ « REFPB REFPB
—"5 >_55_< #2 >_55_< #16_/ 2 #1 —
¢ {RREFD tRFCPB tRREFD

C J C
Y v
First set of 16 REFPB commands Next set of 16 REFPB commands

Figure 99 — Sets of Per-Bank Refresh Commands



JEDEC Standard No. 232A.01

Page 100

7.11.2 PER-BANK REFRESH (REFPB) Command (cont’d)

The example in Table 29 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 3rd set ot 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 29 — Refresh Counter Increments

ONT | Ny | COMMAND | BABOL | “RiG | COUNTER | COUNTER
0 0 Reset, REFAB or SRE command To O
1 1 REFPB 0000 0 Oto1l
2 2 REFPB 0001 1 1to2
3 3 REFPB 0010 2 2to3
4 4 REFPB 0011 3 3to4 n
15 15 REFPB 1110 14 14 to 15
16 16 REFPB 1111 15 15to 0
17 1 REFPB 0100 4 Oto1l
18 2 REFPB 0111 1to2
19 3 REFPB 1011 11 2to3
20 4 REFPB 0110 6 3to4 n+1
31 15 REFPB 1100 12 14 to 15
32 16 REFPB 0001 15to 0
33 1 REFPB 0010 2 Oto1l
34 2 REFPB 1001 9 1to2 n+2
35 3 REFPB 0000 0 2to3
36 0 REFAB A% all To 0 n+2
37 1 REFPB 1010 10 Oto1l
38 2 REFPB 0101 5 1to2 3
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7.11.2 PER-BANK REFRESH (REFPB) Command (cont’d)

Table 30 — REFRESH and PER-BANK REFRESH Command Scheduling Requirements

FROM MINIMUM DELAY BETWEEN
COMMAND TO COMMAND “FROM COMMAND” TO NOTES
“TO COMMAND”
REFRESH REFRESH or SELF REFRESH ENTRY tRrC
PER-BANK REFRESH (any bank) tREC
ACTIVATE (any bank) tREC
PER-BANK REFRESH or SELF REFRESH ENTRY tRECPB 2
REFRESH
PER-BANK REFRESH (other bank) tRREED
PER-BANK REFRESH (any bank) tRECPB 1
ACTIVATE (other bank) tRREFD
ACTIVATE (same bank) tRECPB
ACTIVATE REFRESH or SELF REFRESH ENTRY trc 3
PER-BANK REFRESH (other bank) tRRD 4
PER-BANK REFRESH (same bank) trc 3

NOTE 1 tggcpp parameter must be observed 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 2 All banks must be in the idle state before issuing a REFRESH or SELF REFRESH ENTRY command.

NOTE 3 A bank must be in the idle state with tgp satisfied before it is refreshed.

NOTE 4 tpaw parameters must be observed as well.

712  SELF REFRESH

Self refresh can be used to retain data in the GDDR5X SGRAM, even if the rest of the system is powered
down. When in the self refresh mode, the device retains data without external clocking. The SELF
REFRESH ENTRY command is like a REFRESH command except that CKE_n is pulled High.

CK_c¢
CK_t

CKEn /
RAS_n |\ /_ I
cas.n '\ /__

\ /

WEn /
BAO0-BA3,A14,A12-A8 :X:X:X:X:
A15,A13,A0-A7 ‘ ‘
Figure 100 — SELF REFRESH ENTRY Command

SELF REFRESH ENTRY is only allowed when all banks are precharged with tgp satisfied, and when either

the last read data or CRC data element from a preceding READ or WRITE command have been pushed
out (tgpsrE Of twrsrg)- NOP commands are required after entering self refresh until tcppgp is met .

The PLL/DLL is automatically disabled upon entering self refresh and is automatically enabled and reset
upon exiting self refresh. If the device enters self refresh with the PLL/DLL disabled, it will exit self refresh
with the PLL/DLL disabled.
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712  SELF REFRESH (cont’d)

After the SELF REFRESH ENTRY command is registered, CKE_n must be held High to keep the device in
self refresh mode. When the device has entered the self refresh mode, all external control signals except
CKE_n and RESET_n are “Don’t care”. The user can halt the external CK and WCK clocks or change the
external clock frequency tcgsgrg after self refresh entry. The address, command, data, CK and WCK pins

are in ODT state, and the EDC pins drive a High (or High-Z when the EDC High-Z bit is set). CK and
WCK clocks are internally disabled during self refresh operation to save power.

For proper self refresh operation, all power supply and reference voltage pins (Vpp, Vpp, Vppg, Vss Vssor
VREerc) must be at valid levels.

The device initiates a minimum of one internal refresh within t-gg once it enters self refresh mode. The
minimum time the device must remain in self refresh mode is tcgg.

Exiting self refresh requires a sequence of events. First, the CK clock must be stable tcxgrx prior to CKE_n
going Low. The WCK clocks could be on or off at self refresh exit, depending on the preferred method for
resetting the WCK by two divider in WCK2CK training, which is required upon self refresh exit. The
vendor datasheet should be consulted for frequencies supported by each method. To allow completion of
any internal refresh in progress, a delay of at least tyg must be satisfied before a valid command can be
issued to the device.

During self refresh the on-die termination (ODT) and driver are not auto-calibrated. Recalibration is
initiated automatically upon self refresh exit. During this period, commands other than NOP shall be
issued with caution, depending on anticipated or measured voltage and temperature changes.

After the device has exited self refresh, it can re-enter self refresh after a period of at least tyg and after
issuing one extra REFRESH (REFAB) command.
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712  SELF REFRESH (cont’d)

Option A: Self Refresh Entry and Exit; SRX with WCK stopped

T0 1 ™ Ta0 Te0 Tdo
P, 5 5 5
{RDSRE/tWRSRE »
{RP C_ {CPDED | XS . IMRSTWCK! tWCK2TR
: L) : Ll L} L} >
(
CMD < NOP X REF X NOP NOP X >Q MRS NOP >Q NOP MRS >

« « - . - ) .
P Vi iy i iy i iy TERY

7 7

T T 1 1 K 1
' ' ' ' i

Enter Exit Enter Restart Start Exit
Self Refresh Self Refresh  WCK2CK WCK WCK2CK  WCK2CK
Mode Mode Training clock Phase Training
(resets WCK Search

divide-by-2 circuits)

Option B: Self Refresh Entry and Exit; SRX without WCK stopped
T0 T1 T2 Ta0

7
%
o5
A
A

tRDs'RE/tWRSR;
(RP | tCPDED .
T Ll

T P

CMD< N(I)P X REF X N(l)P NOP X X NOP X NOP >Q/ MRS X NOP X NOP X MRS >
. : , : : >

ADDR T | ' ' OO0

Enter Exit Enter Exit
Self Refresh Self Refresh  WCK2CK WCK2CK
Mode Mode Training Training
D Don't Care

NOTE1 WCK2CK training is required upon self refresh exit prior to any READ or WRITE command.
- Option A: to aid in resetting the WCK divide-by-2 circuits at WCK2CK training entry, self refresh mode is exited
with the WCK clock stopped; the WCK clock is enabled tMRSTWCK after WCK2CK training entry.
- Option B: the WCK clock is enabled prior to self refresh exit
NOTE2 At least one REFRESH command shall be issued after tXS to allow output driver and termination impedance updates.

Figure 101 — Self Refresh Entry and Exit
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712  SELF REFRESH (cont’d)

Table 31 — Pin States During Self Refresh

Pin State
EDC High (High-Z when EDC High-Z is enabled (MR8 A2 = 1))
DQ/DBI_n ODT
CK_t,CK ¢ ODT
ADD/CMD ODT
CKE_n ODT (driven High by controller)
WCK_t/WCK _c ODT

7.12.1 Hibernate Self Refresh

Hibernate self refresh is a special mode that provides the same data retention as in the regular self refresh
mode, but allows the device to disable additional circuits to achieve an even lower power consumption at
the expense of a significantly extended period to return to normal operation.

MRS bit A3 is associated with hibernate self refresh. The bit is self-clearing, meaning that an MRS
command must set this bit any time the device shall enter hibernate self refresh using the SELF REFRESH
ENTRY command.

After the SELF REFRESH ENTRY command is registered, CKE_n must be held High to keep the device in
hibernate self refresh mode. Exiting this mode requires a sequence of events as shown in Figure 102: at
first CKE_n must be pulled Low and again pulled High after typ has elapsed. The device is now in

regular self refresh mode, and must be held in this mode for at least tygy period, to retain data during the
extended exit time from hibernate self refresh mode. After tygy period the sequence for self refresh exit
shall be followed to return to normal device operation.

CKE_n

__tCPDED

)

CMD< MRS X NOP%X REF
] [ E/4 ]

[(A

: L

X NOP )22 NOP X
] o
! (.

T Py )
H {«

L .
Mode Normal Mode Hibernat(: Self Refresh Mode Self Refresh Nor\r\nal Mode
AN AN

1 >

) 1 ) 1

A

YA

Set Enter Exit Exit
Hibernate Hibernate Hibernate Self Refresh
Bit Self Refresh Self Refresh
D Don't Care

Figure 102 — Hibernate Self Refresh
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7.12.2  Partial Array Self Refresh (PASR)

The GDDR5X SGRAM can be programmed to exclude parts of the memory array from refresh when the
device is held in self refresh mode. Bits A[11:0] in MR11 are associated with the Partial Array Self Refresh
(PASR) feature.

PASR Bank Masking

Two banks can individually be configured to be excluded from refresh in self refresh mode by
programming the bank mask bit(s) A[7:0] in MR11. The banks are excluded from refresh when the
corresponding 2-bank mask bit is set to 1. When a 2-bank mask bit is set to 0, a refresh to the banks is
determined by the status of the row segment mask bits as described in the following chapter.

PASR Row Segment Masking

The row address space of a GDDR5X SGRAM is virtually divided into 4 row segments along the two MSB
row address bits. Each row segment can individually be configured to be excluded from refresh in self
refresh mode by programming the row segment mask bit(s) A[11:8] in MR11. An entire row segment
across all 16 banks is excluded from refresh when the corresponding row segment mask bit is set to 1.
When a row segment mask bit is s set to 0, a refresh to the row segment in each group of 2 banks is
determined by the status of the corresponding 2-bank mask bits as described in the previous chapter.

An example of using the PASR bank and row segment masking is shown in Table 32.

Table 32 — Example of PASR Bank and Row Segment Masking in Self Refresh Mode

Row Segment Mask] Banks | Banks | Banks | Banks | Banks | Banks | Banks | Banks
MR11 A[11:8] [15:14] | [13:12] | [11:10] | [9:8] | [7:6] | [5:4] | [3:2] | [1:0]
ank A“ﬁ:;l]‘ 0 0 0 0 0 1 0 0
Row Segment 0 0 M
Row Segment 1 0 M
Row Segment 2 | M M M M M M M M
Row Segment 3 0 M
NOTE Refresh operation to banks 4 and 5 as well as to row segment 2 in all banks is masked.

713 POWER-DOWN

GDDR5X SGRAMs requires CKE_n to be Low at all times an access is in progress: from the issuing of a
READ or WRITE command until completion of the burst. For READs, a burst completion is defined as
when the last data element including CRC has been transmitted on the DQ outputs, for WRITEs, a burst
completion is defined as when the last data element has been written to the memory array and CRC data
has been returned to the controller.

Power-down is entered when CKE_n is registered High. If power-down occurs when all banks are idle,
this is referred to as precharge power-down mode; if power-down occurs when there is a row active in any
bank, this is referred to as active power-down mode.

Entering power-down deactivates the input and output buffers, excluding CK_t, CK_c, WCK_t, WCK _c,
RESET_n, EDC pins and CKE_n if LP2 (MR5 Al) is disabled. If LP2 is enabled, WCK_t, WCK_c input
buffers and EDC output buffers are additionally de-activated in power-down.
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713 POWER-DOWN (cont’d)

Option A: LP2 Enabled (MR5A1 =1)

' <
tRDSRE/tWRSRE tPD tXP
[i Ll

il A -
! L) . L
CMD( N(?P X P]iDE X N(?P X N?P X X NOP X P]Zi)X 22} Valid >

WCK_c - | , 1 | T <‘I 1 ! SS' !

TEnter Power-Down Mode Exit Power-Down ModeT

Option B: LP2 Disabled (MR5A1 = 0)

i y
tRDSRE/tWRSRE, tPD g DXP
} > L) Ll

CMD( NOP X PDE X NOP X NOP X ? X NOP X PDX >22 Valid >

TEnter Power-Down Mode Exit Power-Down ModeT

NOTE1 Minimum CKE_n pulse width must satisfy tcyg.
NOTE 2 Two more NOPs shall be issued after the POWER-DOWN ENTRY command.

Figure 103 — Power-Down Entry and Exit

For maximum power savings, the user has the option of disabling the PLL/DLL prior to entering power-
down. In that case, on exiting power-down, WCK2CK training is required to set the internal synchronizers
which will include the enabling of the PLL/DLL, PLL/DLL reset, and t; . clock cycles must occur before

any READ or WRITE command can be issued.

While in power-down, CKE_n High, a stable CK clock (except when clock frequency is changed) and
RESET_n signal must be maintained at the device inputs if LP2 is enabled as shown in Figure 103, option
A.If LP2 is disabled, WCK signals must also be maintained in power-down and the device continuously
drives the EDC hold pattern as shown in Figure 103, option B. The power-down duration is limited by the
refresh requirements of the device.

The power-down state is synchronously exited when CKE_n is registered Low (in conjunction with a NOP
command). A valid executable command may be applied typ cycles later. The min. power-down duration

is specified by tpp.
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713 POWER-DOWN (cont’d)
Table 33 — Pin States During Power Down
Pin LP2 on (MR5 A1=1) LP2 off (MR5 A1 =0)
EDC High Hold
DQ/DBI_n ODT ODT
ADD/CMD ODT ODT
CK_t/CK_c ODT ODT
CKE_n ODT (Driven High by Controller) ODT (Driven High by Controller)
WCK_t/WCK_c ODT (receiver off) ODT (receiver active)
7.14 LOW FREQUENCY MODES

GDDR5X SGRAMs have been designed to operate over a contiguous frequency range from f-x =50 MHz
to the maximum rated clock frequency of the device.

Features such as PLL/DLL off mode, RDQS mode, ODT control bits and the low power mode register bits
(MRS bits A[2:0], MR7 bit A3) have been developed for low power or low frequency operation. DRAM
vendor datasheets should be consulted for frequency ranges supported for each feature. Example
frequency ranges are shown in Table 34 for reference only.

Table 34 — Example of Frequency Modes

Frequency Range | OP'H"8 | PLL Mode | READ Data Clock IO Training opr |Low Power
Very High PLL/DLL CDR )
(ie,>6.0Gbps) | PR on (RDQS mode off) Full Training Full Off
High PLL/DLL CDR ..
(i.e., > 3.0 Gbps) DDR on/off (RDQS mode off) Full Training Full Offt
Medium PLL/DLL ..
(e, <3.0 Gbps) DDR off RDQS mode Full Training Full/Half On/Off
No Training
L PLL/DLL
) ow DDR / RDQS mode (static offset between | Half/Off On
(i.e., < 1.5 Gbps) off WCK and DQ)
NOTE The use of RDQS mode requires that the PLL/DLL is disabled in MR1.
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715 CLOCK FREQUENCY CHANGE SEQUENCE

1.
2.

10.
11.

Wait until all commands have finished and all banks are idle.

Send NOP (must meet input setup/hold relative to clock while clock is changing) to the device for the
entire sequence unless stated to do otherwise. The user must take care of refresh requirements.

If the new desired clock frequency is below the min frequency supported by PLL/DLL-on mode, turn
the PLL/DLL off via an MRS command.

Change the clock frequency and wait until clock is stabilized.
Perform address training if required.

If the new clock frequency is within the PLL/DLL on range and the PLL/DLL-on mode is desired,
enable the PLL/DLL via an MRS command if it is not already enabled.

Issue MRS commands to adjust the programmable latencies (WL, RL, CRCWL, CRCRL, RAS, WR) and
set other programmble features to their desired modes.

Perform WCK2CK training. As defined in the WCK2CK training process, if the PLL/DLL is enabled,
then reset the PLL/DLL and wait t; g clock cycles.

Exit WCK2CK training.
Perform READ and WRITE training, if required.
The device is ready for normal operation after any necessary interface training.

716 COMMAND TRUTH TABLES

Table 35 — Truth Table - CKE_n

CKE_n 2
Previons | Cument | STATE 35 COMMAND() 4 ACTION() 4 NOTES
Cycle (n-1) | Cycle (1)
H H Power-Down X Maintain Power-Down
H H Self Refresh X Maintain Self Refresh
H L Power-Down NOP Exit Power-Down
H L Self Refresh NOP Exit Self Refresh 6
L H All Banks Idle NOP Precharge Power-Down Entry
L H Bank(s) Active NOP Active Power-Down Entry
L H All Banks Idle REFRESH Self Refresh Entry
L L See Table 36 and Table 37

NOTE1 H =Logic High Level; L = Logic Low Level. X = Don’t Care (command decoder disabled).

NOTE 2 CKE_n(n) is the logic state of CKE_n at clock edge n; CKE_n(n-1) was the state of CKE_n at the previous clock edge.
NOTE 3 Current state is the state of the GDDR5X SGRAM immediately prior to clock edge n.

NOTE4 COMMAND(n) is the command registered at clock edge 1, and ACTION(n) is a result of COMMAND.

NOTE 5 All states and sequences not shown are illegal or reserved.

NOTE 6 NOP commands should be issued on any clock edges occurring during the tyg period. A minimum of t; i is needed for

the PLL/DLL to lock before applying a READ or WRITE command if the PLL/DLL was disabled.
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716 COMMAND TRUTH TABLES (cont’d)
Table 36 — Truth Table — Current State Bank # — Command To Bank n
CURRENT STATE | RAS_n | CAS_n| WE_n COMMAND/ACTION NOTES
Any H H H NO OPERATION (NOP/continue previous operation)
L H H ACTIVATE (select and activate row)
Idle L L H REFRESH / PER-BANK REFRESH
L L L MODE REGISTER SET
H L H READ (select column and start READ burst) 10
Row Active H L L WRITE (select column and start WRITE burst) 10,12
L H L PRECHARGE (deactivate row in bank or banks) 9
Read H L H READ (select column and start new READ burst) 10
(Auto Precharge H L L WRITE (select column and start WRITE burst) 10, 11,12
Disabled) L H L | PRECHARGE (only after the READ burst is complete 9
Write H L H READ (select column and start READ burst) 10
(Auto Precharge H L L WRITE (select column and start new WRITE burst) 10,12
Disabled) L H L | PRECHARGE (only after the WRITE burst is complete) 9

NOTE1 H =Logic High Level; L = Logic Low Level.
NOTE 2 This table applies when CKE_n(n-1) was Low and CKE_n(n) is Low (see Table 35) and after tyg has been met (if the
previous state was self refresh).
NOTE 3 This table is bank-specific, except where noted (i.e., the current state is for a specific bank and the commands shown are
those allowed to be issued to that bank when in that state). Exceptions are covered in the following notes.
NOTE 4 Current state definitions:
Idle: The bank has been precharged, and tgp has been met.
Row Active: A row in the bank has been activated, and tgcp has been met. No data bursts/accesses and no register
accesses are in progress.
Read: A Read burst has been initiated, with auto precharge disabled.
Write: A Write burst has been initiated, with auto precharge disabled.
NOTE5 The following states must not be interrupted by a command issued to the same bank. NOP commands, or allowable
commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to
the other bank are determined by its current state and Table 36, and according to Table 37.

Precharging: Starts with registration of a PRECHARGE command and ends when tgp is met. Once tgp is met,
the bank will be in the idle state.
Row Activating: Starts with registration of an ACTIVATE command and ends when tgcp is met. Once trp is met,

the bank will be in the “row active” state.
Read w/Auto-
Precharge Enabled: Starts with registration of a READ command with auto precharge enabled and ends when tgp has
been met. Once tgp is met, the bank will be in the idle state.
Write w/Auto-
Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when tgp
has been met. Once tgp is met, the bank will be in the idle state.
NOTE 6 The following states must not be interrupted by any executable command; NOP commands must be applied on each
positive clock edge during these states.
Refreshing: Starts with registration of a REFRESH command and ends when tgpc is met. Once tgpc is met, the
device will be in the all banks idle state.
Accessing Mode
Register: Starts with registration of a MODE REGISTER SET command and ends when tyzp has been met.
Once tyrp is met, the device will be in the all banks idle state.
Precharging All:  Starts with registration of a PRECHARGE ALL command and ends when tgp is met. Once tgp is
met, all banks will be in the idle state.
READ or WRITE: Starts with the registration of the ACTIVATE command and ends the last valid data nibble.
NOTE 7 All states and sequences not shown are illegal or reserved.
NOTE 8 Not bank-specific (REFRESH, MODE REGISTER SET) or bank-specific (PER-BANK REFRESH); requires that all banks
(REFRESH, MODE REGISTER SET) or the current bank (PER-BANK REFRESH) are idle, and bursts are not in progress.
NOTE9 May or may not be bank-specific; if multiple banks are to be precharged, each must be in a valid state for precharging.
NOTE 10 Reads or Writes listed in the Command/Action column include Reads or Writes with auto precharge enabled and Reads
or Writes with auto precharge disabled.
NOTE 11 A WRITE command may be applied after the completion of the READ burst.
NOTE 12 WRITE in this table refers to WOM/WOMA, WOML/WOMLA, WOMU/WOMUA, WSM/WSMA and WDM/WDMA
commands.
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7.16

10

COMMAND TRUTH TABLES (cont’d)

Table 37 — Truth Table — Current State Bank n - Command To Bank m

NOTE 2

NOTE 3

NOTE 4

NOTE 5
NOTE 6
NOTE 7

NOTE 8
NOTE 9

CURRENT STATE | RAS_n |CAS_n| WE_n COMMAND/ACTION NOTES
Any H H H | NO OPERATION (NOP/continue previous operation)
Idle \% \% \% Any command otherwise allowed to bank m
Row Activating, L H H ACTIVATE (select and activate row)
Active, or H L H | READ (select column and start READ burst) 7
Precharging H L L WRITE (select column and start WRITE burst) 7,9
L H L PRECHARGE
Read L H H ACTIVATE (select and activate row)
(Auto Precharge H L H READ (select column and start new READ burst) 7
Disabled) H L L | WRITE (select column and start WRITE burst) 7,89
L H L PRECHARGE
Write L H H ACTIVATE (select and activate row)
(Auto Precharge H L H READ (select column and start READ burst) 7
Disabled) H L L WRITE (select column and start new WRITE burst) 7
(WOM, WSM or WDM)
L H L PRECHARGE
Read L H H ACTIVATE (select and activate row)
(With Auto H L H |READ (select column and start new READ burst) 7
Precharge) H L L | WRITE (select column and start WRITE burst) 7,8,9
L H L PRECHARGE
Write L H H ACTIVATE (select and activate row)
(With Auto H L H |READ (select column and start READ burst) 7
Precharge) H L L WRITE (select column and start new WRITE burst) 7,9
L H L PRECHARGE
NOTE1 H =Logic High Level; L = Logic Low Level; V = Valid Signal (H or L, but not floating).

This table applies when CKE_n(n-1) was Low and CKE_n(n) is Low (see Table 35) and after tyg has been met (if the
previous state was self refresh).
This table describes alternate bank operation, except where noted (i.e., the current state is for bank 1 and the commands
shown are those allowed to be issued to bank 1, assuming that bank m is in such a state that the given command is
allowable). Exceptions are covered in the following notes.
Current state definitions:
Idle: The bank has been precharged, and tgp has been met.
Row Active: A row in the bank has been activated, and tgcp has been met. No data bursts/accesses and no register
accesses are in progress.
Read: A Read burst has been initiated, with auto precharge disabled.
Write: A Write burst has been initiated, with auto precharge disabled.
Read with Auto Precharge Enabled: See 4a and 4b.
Write with Auto Precharge Enabled: See 4a and 4b.
4a. The read with auto precharge enabled or write with auto precharge enabled states can each be broken into two parts:
the access period and the precharge period. For read with auto precharge, the precharge period is defined as if the
same burst was executed with auto precharge disabled and then followed with the earliest possible PRECHARGE
command that still accesses all of the data in the burst. For write with auto precharge, the precharge period begins
when ty ends, with tyyg measured as if auto precharge was disabled. The access period starts with registration of the
command and ends where the precharge period (or tgp) begins. During the precharge period of the read with auto
precharge enabled or write with auto precharge enabled states, ACTIVATE, PRECHARGE, READ and WRITE
commands to the other bank may be applied. In either case, all other related limitations apply (e.g., contention
between read data and write data must be avoided).
4b. The minimum delay from a READ or WRITE command with auto precharge enabled, to a command to a different
bank is summarized in Table 38.
REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.
All states and sequences not shown are illegal or reserved.
Reads or Writes listed in the Command/Action column include Reads or Writes with auto precharge enabled and Reads
or Writes with auto precharge disabled.
A WRITE command may be applied after the completion of the READ burst.
WRITE in this table refers to WOM/WOMA, WOML/WOMLA, WOMU/WOMUA, WSM/WSMA and WDM/WDMA
commands.
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Table 38 — Minimum Delay Between Commands to Different Banks with Auto Precharge Enabled

Minimum delay

From Command To Command : Notes
(with concurrent auto precharge)
WRITE READ or READ with Auto Precharge [WLmrs + (BL/8)] * tck + twTr 2,34
with AUTO [WLmrs + (BL/4)] * tck + twTr
PRECHARGE " [\WRITE or WRITE with Auto Precharge tcep 56
(WOMA, "
WOMLA, | PRECHARGE 1% teg
WOMUA) | ACTIVATE 1% tek
READ or READ with Auto Precharge [WLmrs + (BL/8)] * tck + twTr 2,34
WRITE [WLmrs + (BL/4)] * tog + twTr
with AUTO  'WRITE or WRITE with Auto Precharge tcep 5,6
PRECHARGE "
(WDM4A) | PRECHARGE 2% teg
ACTIVATE 2% tog
READ or READ with Auto Precharge [WLmrs + (BL/8)] * tck + twTr 2,3,4
WRITE [WLmrs + (BL/4)] * tog + twTr
with AUTO  'WRITE or WRITE with Auto Precharge MAX [teep 3 * texd 5,6
PRECHARGE - ’
(WSMA) PRECHARGE 3% teg
ACTIVATE 3% tek
READ or READ with Auto Precharge tcep 5
READ WRITE or WRITE with Auto Precharge [RLmrs + (BL/8) + tccp - WLmrs] * to | 2,3,6
with AUTO [RLmrs + (BL/4) + tccp - WLmrs] * teg
PRECHARGE | PRECHARGE 1% teg
ACTIVATE 1* teg

NOTE1 RLmrs=READ latency (RL)
NOTE 2 BL =Burst length; use “BL/8” in QDR operating mode and “BL/4” in DDR operating mode.
NOTE 3 WLmrs = WRITE latency.
NOTE 4 twrtgr = twrre if Bank Groups enabled and access to the same bank group otherwise ty1r = twrrs.
NOTE5  tcep = teepy, if Bank Groups enabled and access to the same bank group otherwise tccp = teeps.
NOTE 6 WRITE in the “To Command” column refers to WOM/WOMA, WOML/WOMLA, WOMU/WOMUA, WSM/WSMA, and

WDM/WDMA commands.
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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 clauses of this standard is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect reliability.

Table 39 — Absolute Maximum Ratings

PARAMETER SYMBOL MIN MAX | UNIT | NOTES
Voltage on Vpp pin relative to Vgg Vbp -0.3 +2.0 \Y% 1
Voltage on Vppq pin relative to Vgg Vbpo -0.3 +2.0 \% 1
Voltage on Vpp pin relative to Vgg Vpp -0.3 +2.3 \% 1,2
Voltage on any pin relative to Vgg Vine Vour -0.3 +2.0 \%
Storage temperature Tstg -55 +125 °C
NOTE1 Vpp and Vppg must be within 300 mV of each other at all times the device is powered-up.
NOTE 2 Vpp must be equal or greater than Vpp, and Vppg at all times the device is powered-up.
8.2 PAD CAPACITANCES
Table 40 — Silicon Pad Capacitances

PARAMETER 1 SYMBOL MIN MAX | UNIT | NOTES
Delta Input/Output Capacitance: DQs, DBI_n, EDC DCip pF 2
Delta Input Capacitance: Command and Address DCyy pF 3,6
Delta Input Capacitance: CK_t, CK_c DCp, 0.1 pF 4
Delta Input Capacitance: WCK_t, WCK _c DCp3 0.1 pF 5
Input/Output Capacitance: DQs, DBI_n, EDC Cio pF
Input Capacitance: Command and Address Cn pF 6
Input Capacitance: CK_t, CK_c Cpp pF
Input Capacitance: WCK_t, WCK _c Cis pF

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The silicon pad capacitance
is validated by deembedding the package L & C parasitics. The capacitance is measured with Vpp, Vppg, Vss, Vssg

applied with all other signal pins floating.
NOTE 2 DCIO = Clo(MaX) - Clo(Mln)
NOTE 3 DCH = CH (Max) - CH (Mm)
NOTE 4 DCp, = Absolute value of Cp CK_t - Cy, CK_c
NOTE 5 DCpz = Absolute value of Cj3 WCK_t - Cj3 WCK_c

NOTE 6 Command and address pins: CKE_n, RAS_n, CAS_n, WE_n, ABI_n and all address inputs
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8.3 PACKAGE ELECTRICAL SPECIFICATION
Table 41 — Package Electrical Specifications
PARAMETER 1,2,3 SYMBOL MIN MAX | UNIT | NOTES

Input/Output package impedance: DQs, DBI_n, EDC Zio Q
Input/Output package delay: DQs, DBI_n, EDC Tdio ps
Input package impedance: Command and Address Zn Q 4
Input package delay: Command and Address Tdp ps 4
Input package impedance: CK_t, CK_c Zp Q
Input package delay: CK_t, CK_c Tdp, ps
Delta input package impedance: CK_t, CK_c DZ;, - Q 5
Delta input package delay: CK_t, CK_c DTdy, - ps 6
Input package impedance: WCK_t, WCK_c 713 Q
Input package delay: WCK_t, WCK _c Td3 ps
Delta input package impedance: WCK_t, WCK_c DZ;; - Q 7
Delta input package delay: WCK_t, WCK_c DTdy; - ps 8
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, Vss and Vggg

shorted with all other signal pins floating. The inductance is measured with Vpp, Vppq, Vsg and Vggq shorted and all

other signal pins shorted at the die side (not pin).
NOTE 2 Package only impedance (Zpy) is calculated based on the Ly, and Cpy total for a given pin where

Zxgtotal per pin) = _' pke/Cpkg
NOTE 3 Package only delay(Tdpyg) is calculated based on Ly, and Cp,y, total for a given pin where
Tdpyg(total per pin) =_I Lpkg Cpke
NOTE 4 Command and address pins: CKE_n, RAS_n, CAS_n, WE_n, ABI_n and all address inputs
NOTE 5 DZj, = Absolute value of Zj, CK_t - Z;, CK_c
NOTE 6 DTdy, = Absolute value of Tdj, CK_t — Td}, CK_c
NOTE 7 DZ;3= Absolute value of Zj3 WCK_t — Z;3 WCK_c
NOTE 8 DTdy3 = Absolute value of Tdj3 WCK_t — Tdj3 WCK_c
8.4 PACKAGE THERMAL CHARACTERISTICS
Table 42 — Thermal Characteristics
PARAMETER 1,2 SYMBOL MIN MAX | UNIT | NOTES

Operating case temperature TC °C 3
Thermal resistance junction to ambient Theta_JA °C/W | 4,5,6
Thermal resistance junction to board Theta_JB °C/W | 4,7
Thermal resistance from junction to case Theta_JC °C/W | 7
NOTE1 Measurement procedures for each parameter must follow those defined in the JEDEC JESD-51 standard.
NOTE 2 Values are guaranteed by design but not tested in production.
NOTE 3 TC is documented for normal operation and is not intended to reflect reliability limits.
NOTE 4 Theta_JA and Theta_JB must be measured with the high effective thermal conductivity test board defined in JESD51-7
NOTE 5 Airflow information must be documented for Theta_JA.
NOTE 6 Theta_JA should only be used for comparing the thermal performance of single packages and not for system related

junction temperature prediction.
NOTE7 Theta_JB and Theta_]JC are derived through a package thermal simulation.
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8.5 ELECTROSTATIC DISCHARGE SENSITIVITY CHARACTERISTICS

Table 43 — Electrostatic Discharge Sensitivity Characteristics

PARAMETER 1,2 SYMBOL MIN MAX | UNIT | NOTES
Human body model (HBM) ESDypm 1000 - \Y% 3
Charged-device model (CDM) ESDcpm 250 - \Y% 4

NOTE 1 Electrostatic discharge minimum requirements are defined for the high-speed interface pins of the device only. They do

not apply to pins MF, ZQ, RESET_n, TCK, TMS, TDI and TDO.
NOTE 2 State-of-the-art basic ESD control measures have to be in place when handling the device.
NOTE 3 Refer to ESDA /JEDEC Joint Standard JS-001-2012 for measurement procedures.
NOTE 4 Refer to JESD22-C101F for measurement procedures.
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DC and AC OPERATING CONDITIONS

GDDR5X SGRAMs are designed for 1.35 V typical operating voltages. The interface of GDDR5X SGRAMs
follows the POD135 standard (JESD8-21A). All AC and DC values are measured at the ball.

Table 44 — DC Operating Conditions

PARAMETER SYMBOL MIN TYP MAX  |UNIT|NOTES
Device supply voltage Vb 1.3095 1.35 1.3905 \% 1
Output supply voltage Vbpo 1.3095 1.35 1.3905 \% 1
Pump voltage Vpp 1.746 1.8 1.908 \% 2
\Y% 0.69*V 0.71*V \Y% 3,4
Reference voltage: DQ and DBI_n pins REFD " bbQ " bbQ
Vrerp2 | 049 * Vppg 051*Vppg | V 3,45
Vv 0.69*V 0.71*V \Y% 6
Reference voltage: ADD/CMD pins REFC " bbQ " bbQ
Vrerc2 | 049 * Vppg 051*Vppg | V 6
DC input logic high voltage with V :
ADD/EMD %in i & REFC Viga(DC) |Vggpe +0.135 \% 7,9
DC input logic low voltage with V; :
ADD/CMD %in . & REFC Via(DC) Vgerc -0.135| 'V 7,9
DC input logic high voltage with V :
ADD/CMD %)ins & 8 REFC2 Vinax(DC) | Vrerca +0.27 \4 9
DC input logic low voltage with V; :
ADD/CMD %ins 8 REFC2 ViLa2(DC) VREpC2-0.27| 'V 9
DC input logic high voltage with V :
PO i DBIg_ - pi§ . & REFD Viap(DC) | Vrgpp +0.09 \% 8,9
DC input logic low voltage with V :
PO i DBIg_ n pins & REFD Vi p(DC) VRerp - 0.09 |V 8,9
DC input logic high voltage with V :
DQ o DBIg_ n piis 8 REFD2 Viip2(DC) | Vrgrpz +0.27 \ 9
DC input logic low voltage with V; :
DQ o DBIg_ n pins 8 REFD2 ViLp2(DC) VRepp2 - 027V 9
RESET_n, MF and Boundary Scan inﬁut logic
high voltage; EDC1/2 input logic high voltage Viar 0.8* Vppq \% 9
for x32/x16 mode select
RESET_n, MF and Boundary Scan input logic
low voltage; EDC1/2 input logic low voltage ViR 0.2* Vppg \Y% 9
for x32/x16 mode select
Input leakage current (any input 0V <= Vy <=
Vppe; all other pins not under test = 0V) I A
Output Leakage Current (outputs are disabled; I A
OV <= VOUT <= VDDQ) 0z H
Output logic low voltage Vor(DC) 0.56 \%
NOTE1 GDDR5X SGRAMs are designed to tolerate PCB designs with separate Vpp and Vppg power regulators.
NOTE 2 DC bandwidth is limited to 20 MHz.
NOTE 3 AC noise in the system is estimated at 50mV pk-pk for the purpose of DRAM design.
NOTE 4 The reference voltage source and control for DQ and DBI_n pins are determined by Half VREFD, VREF C2D and VREFD
Level mode register bits.
NOTE 5 Programmable Viggp levels are not supported with Viggpy.
NOTE 6 The reference voltage source (external or internal) is determined at power-up; the reference voltage level is determined
by Half VREFC mode register bit.
NOTE7 ADD/CMD input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured between Vgggc crossing
and VIHA(AC) or VILA(AC)'
NOTE 8 DQ/DBI_n input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured between Vgggp crossing
and VIgp(AC) or Vi p(AC) or Vigppy crossing and VIgp,(AC) or Vi po(AC).
NOTE9 Viyg and Vy; g apply to boundary scan input pins TDI, TMS and TCK. Vg and Vy; g also apply to ADD/CMD, CK_t/_c,

DQ, DBI_n and WCK_t/_c input pins when boundary scan mode is active and input data are latched in the Capture-DR
TAP controller state.
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8.6 DC and AC OPERATING CONDITIONS (cont’d)
Table 45 — AC Operating Conditions
PARAMETER SYMBOL MIN TYP MAX  |UNIT|NOTES
AC input logic high voltage with Viggc:
ADD/CMD pins VIHA(AC) VREFC +0.18 \%
AC input logic low voltage with Viggc:
ADD/CMD pins ViLa(AC) VRepc-0.18 |V
AC input logic high volt ith V :
ADD/CMD pins o R Vinao(AC) | Vrerc +036 v
AC input logic 1 1t ith V, :
ADD/CMD pins. 0 R ViLax(AC) Vierc-036 |V
AC input logic high voltage with Vgyggp:
DQ and DBI_H pins VIHD(AC) VREFD +0.135 \%
AC input logic low voltage with Vigep:
DQ and DBI_n pins ViLp(AC) VRerp - 0135V
AC input logic high voltage with Vrggpo:
DQ and DBL n pins Viip2(AC) | Vrerps +0.36 \
AC input logic low voltage with Viggp»:
DQ and DBL n pins ViLp2(AC) VRepp2-0.36 | V

NOTE1 Use Vigg and Vi g when boundary scan mode is active and input data are latched in the Capture-DR TAP controller state.
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Figure 104 — Voltage Waveform
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8.6 DC and AC OPERATING CONDITIONS (cont’d)
Table 46 — Clock Input Operating Conditions
PARAMETER SYMBOL MIN MAX UNIT|NOTES
Clock input mid-point voltage: CK_t, CK_c Vumpe(DC) VRepc - 0.10 VRrerc +0.10 \Y% 1,6
Clock input differential voltage: CK_t, CK_c Vipck(DC) 0.198 \% 4,6
Clock input differential voltage: CK_t, CK _c Vipck(AC) 0.36 A\ 2,4,6
%gcli( _i?put differential voltage: WCK _t, Vipwek(DO) 018 v 5,7
%gcé( _icnput differential voltage: WCK _t, Vipwek(AC) 027 257
S Qe e v ?
Single ended slew rate: CK_t, CK_c CKsrLew 2.7 V/ns 9
Single ended slew rate: WCK_t, WCK _c WCKg rw 2.7 V/ns 10
gig_c}f input crossing point voltage; CK_t, Vixcek(AC) Viggpc - 0.108 Viggpe +0.108 v 23,6
%gclsi( _iélput crossing point voltage: WCK_t, Viwek(AC) Vigrp - 0.09 Viggrp +0.09 vV (23,78
Allowed time before ringback of CK/WCK
below Vipck(AC)/Vipwck(AC) fovac ps |1 1213

NOTE 1

NOTE 2
NOTE 3

NOTE 4

NOTE 5

NOTE 6

NOTE 7

NOTE 8
NOTE 9

NOTE 10 The slew rate is measured between Vgggp crossing and Vixywcg(AC).
NOTE 11 Figure 105 illustrates the exact relationship between (CK_t - CK_c) or (WCK_t - WCK_c) and V|p(AC), Vip(DC) and

NOTE 12 Ringback below Vp(DC) is not allowed.
NOTE 13 tpyc is not measured in and of itself as a compliance specification, but is relied upon in measurement of clock operating

NOTE 14 Use Viyg and V; g when boundary scan mode is active and input data are latched in the Capture-DR TAP controller state.

This provides a minimum of 0.845 V to a maximum of 1.045 V, and is normally 70% of Vppg. DRAM timings relative to
CK_t cannot be guaranteed if these limits are exceeded.

For AC operations, all DC clock requirements must be satisfied as well.

The value of Vixck and Vixwck is expected to equal 70% Vppq for the transmitting device and must track variations in
the DC level of the same.

Vipck is the magnitude of the difference between the input level in CK_t and the input level on CK_c. The input reference
level for signals other than CK_t and CK_c is Vgggc.

Vipwck is the magnitude of the difference between the input level in WCK_t and the input level on WCK_c. The input
reference level for signals other than WCK_t and WCK_c is either Vrgrc, VRerc2, VREFD OF VREFD2-

The CK_t and CK_c input reference level (for timing referenced to CK_t and CK_c) is the point at which CK_t and CK_c
cross. Please refer to the applicable timings in Table 54, AC timings table.

The WCK_t and WCK_c input reference level (for timing referenced to WCK_t and WCK_c) is the point at which WCK_t
and WCK_c cross. Please refer to the applicable timings in Table 54, AC Timings table.

Vrerp is either Vggrp, VREFD2 OF VREFC:
The slew rate is measured between Vgggc crossing and Vixcg(AC).

tpvac-

conditions and clock related parameters.
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8.6 DC and AC OPERATING CONDITIONS (cont’d)

— Maximum Clock Level

VMP (DO) vy iac)
| _ _ _ ¥

— Minimum Clock Level

Differential Input Voltage (i.e., WCK_t - WCK_c, CK - CK_¢)

Figure 105 — Clock Waveform
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8.7 IDD AND IPP SPECIFICATIONS and TEST CONDITIONS
Table 47 — IDD Specifications and Test Conditions
PARAMETER/CONDITION SYMBOL | NOTES
One Bank Activate Precharge Current: tcy = tog(min); tyck = tweg(min); tge = tre(min);
CKE_n = Low; DQ, DBI_n are High; bank and row addresses as defined in Table 48 with Ibpo 1
ACT command
One Bank Activate Precharge Ipp Current Ippg 1,2
One Bank Activate Read Precharge Current: tcy = tog (min); tweg = tweg(min);
trc = tre(min); CKE_n = Low; one bank activated; single read burst with 50% data toggle on
each data transfer, with 4 outputs per data byte driven Low; otherwise DQ, DBI_n are High; Ibp1 1
bank, row and column addresses as defined in Table 49 with ACT and READ commands;
IOUT =0mA
Precharge Power-down Current: tcy = tcg (min); tyweg = tweg(min); all banks idle; I
CKE_n = High; all other inputs are High; PLL/DLLs are off bD2P
Precharge Standby Current: t- = tog (min); tywek = tweg(min); all banks idle; I
CKE_n = Low; all other inputs are High DD2N
Active Power-down Current: tcy = tcg (min); tywek = twek(min); one bank active; I
CKE_n = High; all other inputs are High DD3P
Active Standby Current: tcg = tcx (min); tywex = tweg(min); one bank active; I
CKE_n = Low; all other inputs are High DD3N
Active Standby Ipp Current Ippan 1,2
Read Burst Current: tcg = tog (min); tyek = tweg(min); CKE_n = Low; one bank in each of
the 4 bank groups activated; continuous read burst across bank groups with 50% data toggle I
on each data transfer as defined in Table 50; bank and column addresses as defined in Table DD4R
50 with READ command; Ioyt = 0mA
Write Burst Current: tcy = tcg (min); tyweg = tweg(min); CKE_n = Low; one bank in each of
the 4 bank groups activated; continuous write burst across bank groups with 50% data I
toggle on each data transfer as defined in Table 51; bank and column addresses as defined in DD4W
Table 51 with WRITE command; no data mask
Refresh Current: tcy = tog (min); twek = tweg(min); tree = trpe(min); CKE_n = Low; DQ, I 1
DBI_n are High; address inputs are High DD5
Refresh IPP Current IPPS 1,2
Self Refresh Current: CKE_n = High; all other inputs are High Ibpe
Four Bank Interleave Read Current: tci = tcg(min); twek = twek(min); CKE_n = Low;
one bank in each of the 4 bank groups activated and precharged at tg(min); continuous read I
burst across bank groups as defined in Table ; bank, row and column addresses as defined in DD7
Table with ACT and READ/READA commands; Iyt =0mA
Four Bank Interleave Read Ipp Current Ippy 1,2

NOTE1 Min tpc or trpc for IDD measurements is the smallest multiple of tck that meets the minimum of the absolute value for

the respective parameter.

NOTE 2 Ipp currents have the same definition as Ipp except that the current on the Vpp supply is measured. Ippg test and limit is
applicable for Ipp and Ipp; conditions. Ippsy test and limit is applicable for all Inpyx, Ippsx, Ippax and Ippg conditions.

NOTE3 See DRAM vendor datasheets for tras, tRcprD, trRe, tREC Values.

Common Test Conditions:

® Device is configured to QDR mode

ABI and DBI are enabled

Address inputs include ABI_n pin

Each data byte consists of eight DQs and one DBI_n pin
All ODTs are enabled with ZQ/2

The PLL/DLLs is enabled unless noted otherwise

CRC is enabled for READs and WRITEs, and the EDC hold pattern is programmed to "1010’

Device is configured to x32 mode first and then to x16 mode (if x16 mode is supported; 2 separate measurements)
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8.7 IDD AND IPP SPECIFICATIONS and TEST CONDITIONS (cont’d)

® Bank groups are enabled if required for device operation at tcyg(min)
® NOP condition during idle command cycles
® Data pattern (BL=16):
DATAQ = 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh
DATA1 =1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h

Table 48 — IDD0 Measurement-Loop Pattern

Sub- | Cycle BA[3:0] | A[12] | A[11:10] | A[9:8]
Loop | Number Command | RAS n| CAS n| WE_ n | ABIL n A[5:2] | A[13] Al6:0] | A[7:1] Data
0 1111 1 00 00
0 0 ACT 0 ! ! 1 | o001 | 0 11 11 -
1111 1 11 11
! NOP ! ! ! Vobam | 11 11 -
repeat NOP until cycle (nRAS -1)
1 0000 1 11 10
nRAS PRE 0 1 0 1 1111 1 11 11 -
1111 1 11 11
nRAS +1 NOP 1 1 1 1 1111 1 1 11 -
repeat NOP until cycle (nRC -1)
nRC repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h and RA = 03C7h instead
2*nRC repeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h and RA = 07C7h instead
3*nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h and RA = 01C7h instead
Table 49 — IDD1 Measurement-Loop Pattern
Sub- | Cycle BA[3:0]| A[12] | A[11:10] | A[9:8]
Loop | Number Command | RAS n| CAS n| WE_n | ABI n A[5:2] | A[13] Al6:0] | A[7:1] Data
0 1111 1 00 00
0 0 ACT 0 ! ! 1 | o001 | 0 11 11 -
1111 1 11 11
! NOP ! ! ! Vol | 11 11 -
repeat NOP until cycle (nRCDRD -1)
0 1111 0 11 01
nRCDRD| READ 1 0 1 1 0011 1 10 00 DATAO
nRCDRD 1111 1 11 11
1 NOP ! ! ! Volam | 11 11 B
repeat NOP until cycle (nRAS -1)
0 1111 1 11 10
nRAS PRE 0 1 0 1 1111 1 1 11 -
1111 1 11 11
nRAS +1 NOP 1 1 1 1 1111 1 11 11 -
repeat NOP until cycle (nRC -1)
1 ARC | repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h, RA = 03C7h, CA =23h and DATA1
instead
5 2+ nRC | Fepeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h, RA = 07C7h, CA = 4Ch and DATA0
instead
3 3* nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h, RA =01C7h, CA =23h and DATA1
instead
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8.7 IDD AND IPP SPECIFICATIONS and TEST CONDITIONS (cont’d)
Table 50 — IDD4R Measurement-Loop Pattern
E’(‘)‘(‘)’{) Nifncteer Command | RAS n |CAS n| WE n | ABL n Bﬁ%‘}] ﬁﬂg} A&tﬁ,‘]’] 2{3;?} Data
o | o | REaD | 1 foo |1 | ] fgi | 1 | 10 | oo | DATA
O S U L O U £ O O A O A -
2 READ 1 0 1 1 o 10 o o DATA1
N O O L I -
¢ | READ | 1| o |t |9 g | 1 | 10 | oo | DATAO
N O O L O R -
6 READ 1 0 1 1 o0 1 o o DATA1L
A T L A R -
Table 51 — IDD4W Measurement-Loop Pattern
5(‘)‘(')’1; N . | Command | RAS n | CAS n| WE_n | ABLn | PAD0 ) AU A&t’;}ﬁ] ;‘:{3;?} Data
o | o | wrmE |1 b0 |1 | ) P goit | 1 | 10 | oo | DATA
O S U T S £ O O A O A -
2 WRITE 1 0 1 1 oY o o DATA1
N O O L R -
4 | WRTE |10 |t | g | 1 | 10 | oo | DATAO
N O O L I A -
6 WRITE 1 0 1 1 e i o 01 | DATAL
7 | owop | 1|1 [ v |1 | Hg 1| 0| -
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8.7 IDD AND IPP SPECIFICATIONS and TEST CONDITIONS (cont’d)

Table 52 — IDD7 Measurement-Loop Pattern

E::I-’ N(lzl};]l:er Command | RAS n | CAS n| WE_n | ABL n BAA[EZ(;] :{g} A&%’t?] 2%;2} Data

O S T T T " O I I -
1o READ |1 |0 b1 Qo |1 | o | or | DATAO
2 NOP 1 1 1 1 HE % ﬂ ﬂ B
5 | READ |1 |0 |1 | p g [ 1| %0 | oo | PATAI
T N O O U 1 I T Bt -
5 READ 1 0 1 % (1)(1)(1)6 % 8(1) 8(1) DATAO
6 | Nop | 1 | 1 [ 1 | 1 |§un| o1 | 1 |1 -
7| READ | 1|0 |1 | p g |7 | G0 | oo | DATAl
8 | Nop | 1 | 1 [t | 1 \un| o1 | 1 | on -
9 READA 1 0 1 % (1)86(1) (1) 8(1) %ﬁ DATAQ
o | Nop | 1|1 |t |1 g || -
1w READ |1 | 0 |1 | § fgon [ 1 | G0 | a0 | DATAI
2| oact | o || Y b [ | | R -
13| READ |1 | 0 |1 |3 o | 1 | o1 | o1 | DATAO
O I O It O T O T I -
15 | READ | 1 | o | 1 | gy | Y | fp | oo | DATAI
O N L e O O et I T A T -
17| REaD |1 oo |1 ] P | | o | o | DaTAo
O I NS T T e S T 1 S B O -
19 | READ | 1 | 0 | 1 | § | 1 | f0 | oo | DATAI
20 | Nop | 1|1 |1 |1 [HR| 1| 0| on -
2 | READA | 1|0 | 1 | p Qo | 1 | o1 | o1 | DATAO
2 | Nop | 1 | 1 |1 |1 [han| 1| h | on -
2 | READ | 1o |1 | § g | 1 | 10 | oo | DATal
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Table 52 — IDD7 Measurement-Loop Pattern (cont’d)
f(‘)‘(’); Noeteor | Command |RAS n| CAS n | WE_n | ABLn | Bl 2021 | AL A Data
0 24 ACT 0 1 1 ? (1,(1)8(1) (1) ﬁ ?(1) -
25 READ 1 0 1 1 % 1Y o ol DATAO
I O T i B R -
7 | ReaD | 1|0 | b Y b | g | g0 | oo | DATAI
R T T R N 1+ A A T A -
2 | READ | 1| 0 |1 )] hagg | 1 | o1 | o1 | DATAO
30 NOP 1 1 1 1 ﬂﬁ % ﬂ H -
3| READ | 1|0 |1 | Lo | ] | 1o | oo | DATAI
2 | oNop | 1|1 |t |1 g1 | ou | on -
B | READA | 1|0 |1 | ] e | ] | o1 | of | DATAO
% | oNop |1 |1 |t |1 bqhn |1 | ou | on -
35 READ | 1 0 1 Y Lo | 1 0 | oo | patal
36 ACT 0 1 1 % 86(1)% (1) (1)(1) (ﬁ -
¥ | ReaD | 1|0 |t |9 o | 1 | o1 | o1 | DATAO
® | Nop |1l 1|1t L1 |1 || on -
% | READ | 1|0 |1 b g fggn | | S0 | oo | PATAI
40 NOP 1 1 1 1 HH i ﬁ ﬂ -
4 READ 1 0 1 ! ?8(1)(1, 9 8? (1)? DATAD
2 | Nop | 1)1 |t | g1 || on -
£ | READ | 1 |0 |1 | § g | 1 | 10 | oo | DATAI
O N T T I T R -
s | ReaDA | 1|0 |1 | ] g | 1| o1 | on | DATAO
% | Nop |11 |t 1 gl 1| | oh -
¢ | ReaD |10 by g | Y | S0 | o | DATAl
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8.7

IDD AND IPP SPECIFICATIONS and TEST CONDITIONS (cont’d)

Table 53 — Self Refresh Current Definitions

NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6
NOTE 7

NOTE 8
NOTE 9

SYMBOL TEMPERATURE RANGE VALUE UNIT NOTES
IDD6N 0°C-Tyn mA 2,3,8
IDDG6E (optional) 0°C-Tg mA 1,3,4,9
IDD6R (optional) 0°C-Tg mA 3,5,10

0°C-T, mA 3,567
IDD6A (optional) Ty, - Ty (optional) mA 3,5,6,7
T, - ToPERmax mA 3,56,711
NOTE1 Max. values for IDD currents considering worst case conditions of process, temperature and voltage.

Applicable for MR3 setting A[1:0] = 00.

Supplier data sheets include a max value.

IDD6E is only specified for devices which support the Extended Temperature Range feature. Refer to the supplier
datasheet for the appropriate MR3 setting.

Refer to the supplier data sheet for the value specification method (e.g., max, typical) for IDD6E and IDD6A.

IDDG6A is specified for the Temperature Controlled Self Refresh (TCSR) feature enabled by MR3 A[1:0] = 11.

The number of discrete temperature ranges supported and the associated T, - T,, and Topgrmax 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.

When TCSR is disabled, Ty represents the temperature limit for normal operation of the device.

When TCSR is disabled, some devices may support an extended temperature range that is typically 10 °C higher than Ty
and often requires additional refresh cycles. T represents this extended temperature limit.

NOTE 10 Tg represents the temperature used to reflect the current consumed in a typical room temperature environment.
NOTE 11 Topgrmax represents the max temperature supported by the device when TCSR is enabled.
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8.8 AC TIMINGS
Table 54 — AC Timings
VALUES
PARAMETER 1,2 SYMBOL UNIT | NOTES
MIN MAX
CK_t and WCK _t Timings
QDR mode | PLL/DLL on
CK clock cycle time PLL/DLL on tek ns
DDR mode
PLL/DLL off
CK clock high-level width tey tck 3
CK clock low-level width ter tck 3
Min. CK clock half period trp min(tcp ter) - tek
CK clock £ QDR mode ; 50
K clock frequency CK MHz
DDR mode 50
CK clock frequency with bank groups disabled fcksg fek(min) MHz 4,5
CK clock frequency with bank groups enabled and ¢ ¢ .
min MHz 4
teepr = 3 tex CKBG3 ck(min)
CK clock frequency with WCK2CK alignment at pins| fegpin fcx(min) MHz 6
CK clock frequency in RDQS Mode fckrDQS fcx(min) MHz 7
\Cfllg ECll:(()?C% frequency for device operation with fCKVREFC2 fo(min) MHz 8
\C/Ié Eclli(‘)DCé( frequency for device operation with fCKVREFDD fo(min) MHz 9
CK clock frequency for WCK-to-CK auto fckAuTO- .
synchronization in WCK2CK training mode SYNC fcx(min) MHz 10
CK clock frequency for device operation with LP1 .
low power mode enabled fexen fci(min) MHz 1
CK clock frequency for device operation with Low .
Frequency Mode enabled fexrr fex(min) MHz 12
QDR mode | PLL/DLL on
WCK clock cycle time PLL/DLLon| t ns 13
Y DDR mode WeK
PLL/DLL off
WCK clock high-level width tweky twek | 14,15
WCK clock low-level width twekL twek | 14,15
. . min
Min. WCK clock half period twekHP (twerrtwekL) - twck
Command and Address Input Timings
Command input setup time teMmDs - ns 16,17
Command input hold time temMDH - ns 16,17
Command input pulse width teMpDPW - ns | 16,17,18
Address input setup time tas - ns | 16,17,19
Address input hold time tal - ns 16,17,19
. . 16,17,18,
Address input pulse width tAPw - ns 19
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Table 54 — AC Timings (cont’d)

VALUES
PARAMETER 1,2 SYMBOL UNIT| NOTES
MIN MAX
WCK2CK Timings
WCK stop to MRS delay f tering WCK2CK
ek rlsgop 0 elay for entering W CKIMRS B ns
MRS to WCK restart delay after entering WCK2CK | | B ns 20
training MRSTWCK
XV\ISE ig;k frequency for WCK2CK training with fWCKSTOP B MHz
WCK start to WCK phase movement delay twCk2TR - tck
WCK phase change to phase detector out delay twckeorH - ns
yr\g(ljrlj ncéock high-level width during WCK2CK EWOKHTR twek | 141521
WCK clock low-level width during WCK2CK
training woevew e twekLTR twek | 14,15,21
PLL/DLL on; MR7AQ0=0
(at phase detector)
PLL/DLL on; MR7A0=1
WCK2CK offset when (at pins)
zero offset at phase tWCK2CKPIN ns 22
detector or at pins PLL/DLL off; MR7A0=0
(at phase detector)
PLL/DLL off; MR67A0=1
(at pins)
MR7A0=0
WCK2CK phase offset tcx
upon WCK2CK training (at phase detector) tW;{I;ZgK— 23
exit MR7A0-=1 (at pins) ns
MR7A0=0 tex
WCK2CK phase offset | (at phase detector) bWCKaCK 24
MR7A0=1 (at pins) ns
Data Input and Output Timings
WCK to DQ/DBI_n offset for input PLL/DLL on
tWCKZDQI ns 25
data PLL/DLL off
WCK to DQ/DBL_n/EDC offset for | PLL/DLLon|
WCK2DQO ns 26,27
output data PLL/DLL off
DQ/DBI_n input pulse width tpPw - ns | 28,29,30
PLL/DLL on - ns
DQ/DBI_n data input valid window tprvw 28,29,31
PLL/DLL off - ns
DQ/DBIL_n input skew within double byte tpopar ns 32
DQ/DBI_n/EDC output skew within double byte tpoDQO ns 33
Row Access Timings
ACTIVATE to ACTIVATE command period trRC - ns
ACTIVATE to PRECHARGE command period tRAS 9 * tREFI ns 34
ACTIVATE to READ command delay tRCDRD - ns
ACTIVATE to WRITE command delay tRCDWR - ns
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Table 54 — AC Timings (cont’d)
VALUES
PARAMETER 1,2 SYMBOL UNIT | NOTES
MIN MAX
Row Access Timings (cont’d)
ACTIVATE to RDTR command delay tRCDRTR - ns
ACTIVATE to WRTR command delay tRCDWTR - ns
ACTIVATE to LDFF command delay tRCDLTR - ns
REFRESH to RDTR or WRTR command delay tREFTR - ns
ACTIVATE bank A to ACTIVATE bank B command t _ ns 35
delay same bank group RRDL
ACTIVATE bank A to ACTIVATE bank B command t _ ns 36
delay different bank groups RRDS
Four bank activate window tEAwW - ns 37
Thirty two bank activate window t3oAW - ns 38
PER-BANK REFRESH to ACTIVATE or PER-BANK ¢ B n 39
REFRESH command delay RREFD S
READ to PRECHARGE command delay same bank ¢ B ¢ 40
with bank groups enabled RTPL CK
READ to PRECHARGE command delay same bank ¢ _ ¢ M
with bank groups disabled RTPS CK
PRECHARGE to PRECHARGE command delay tpPD - ns
PRECHARGE command period trp - ns
WRITE recovery time twr - ns
Auto precharge write recovery + precharge time tbaL - - tck 42
Column Access Timings

READ/WRITE bank A to READ/WRITE bank B ¢ B ¢ 3543
command delay same bank group CCDL CK ’
READ/WRITE bank A to READ/WRITE bank B ¢ B ¢ 36.44
command delay different bank groups CCDs CK ’
LDFF to LDFF command Cycle time tLTLTR 4 - tCK
LDFF15 to LDFF command cycle time tLTLETR - tck 45,46
LDFF15 to RDTR command delay t TRTR - tck 46
READ or RDTR to LDFF command delay tRDTLT - tck
WRITE to LDFF command delay tWRTLT - tck
WRTR to RDTR command delay tWTRTR - tck
WRITE to WRTR command delay tWRWTR - tck
Internal WRITE to READ command delay same bank |

WTRL - ns 35
group
Internal WRITE to READ command delay different ¢ B ns 36
bank groups WTRS
READ or RDTR to WRITE or WRTR command delay tRTW - ns 47
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Table 54 — AC Timings (cont’d)

VALUES
PARAMETER 1,2 SYMBOL UNIT| NOTES
MIN MAX
Power-Down and Refresh Timings
CKE_n min. high and low pulse width tckE - tck
Valid CK clocks required after self refresh entry tcksrE - tck
Valid CK clocks required before self refresh exit texsrx - tck
READ to SELF REFRESH ENTRY or POWER-DOWN | _ t 48
ENTRY command delay RDSRE CK
WRITE to SELF REFRESH ENTRY or POWER- WRSRE _ tek 49
DOWN ENTRY command delay
REFRESH command period tREC - ns
PER-BANK REFRESH command period tRECPB - ns
Exit self refresh to any command delay txs - tck 50
CKE_n low pulse width to exit from hibernate self t 10 _ ns
refresh mode XHP
Exit hibernate self refresh to self refresh exit t 500 _ s
command delay XSH H
Refresh period tREF - 32 ms
?]‘E]Ef?EgSe }Ii)ecg&drgafér%h interval with (all-bank) tREFT _ 1.9 us 51
?EEEaEgSe ﬁilgr(;lc};calr'leéresh interval with PER-BANK tREFIPE _ trrr/ 16 us
e I N | =
Min. power-down entry to exit time tpp 9 * tREFI ns
NOP/DESELECT commands required upon power- t 5 _ t
down and self refresh entry CPDED CK
Power-down exit time txp - tck
Miscellaneous Timings
MODE REGISTER SET command period tMRD - tcx
PLL/DLL enable to PLL/DLL lock delay trk - tck
PLL/DLL enable to PLL/DLL lock delay with PLL tr K _ tex 53
Fast Lock (MR7A1) enabled
Required time for duty cycle corrector (DCC) tpcc otrCES 54
REFRESH to calibration update complete delay txo - ns
VRErc to VRgpep reference voltage settling time tVREEC2 - ns 55
VRerp reference voltage level change settling time tVREFD - ns 56
VRerD to Vrgrpo reference voltage settling time tVREFD2 - ns 57
Active termination setup time taTS - ns
Active termination hold time taATH - ns
READ to data out delay in address training mode tADR - tck
Address training exit to DQ in ODT state delay tapz - ns
Vendor ID on tWRIDON 10 ns
Vendor ID off tWRIDOFE 10 ns
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Table 54 — AC Timings (cont’d)

NOTE 1 All parameters assume proper device initialization.

NOTE2 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.

NOTE 3 CK_tand CK_c single-ended input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured between
VRerc crossing and Vixcg(AC).

NOTE 4 Parameter frypgs is required for those devices supporting both 3 * toi and 4 * tcg settings for bank groups. Devices
supporting only 3 * tcg or 4 * tcg need only to specify fegpg.

NOTE 5 Bank Group Frequency ranges

Bank Groups disabled

|
N I I
(if option is supported by device)

Bank Groups enabled, tccpp=4tcik

] 1 1 |
fck(min) fexpg(max) fckpga(max) fck(max)

NOTE 6 Parameter fcgppy applies when the alignment point in MR?7, bit A0 is set to “at pins”, the phase difference between the
WCK and CK clocks at the DRAM pins is within tycgocksyne OF twekack for pin mode, and no phase search in WCK2CK
training is performed.

NOTE 7 Parameter fcxrpgs applies when RDQS Mode is enabled in MR3, bit A5.

NOTE 8 Parameter fcxyrercs applies when the ADD/CMD input reference voltage in MR7, bit A6 (Half VREFC) is set to Vgggco-

NOTE9 Parameter f-iyrerp2 applies when the data input reference voltage in MR7, bit A7 (Half VREFD) is set to VRrgpp».

NOTE 10 Parameter fcxaytosync applies when WCK2CK Auto Synchronization is enabled in MR7, bit A4.

NOTE 11 Parameter fcgp py applies when Low Power Mode LP1 is enabled in MR5, bit AQ.

NOTE 12 Parameter fcy g applies when Low Frequency Mode is enabled in MR?7, bit A3.

NOTE 13 By definition the nominal WCK clock cycle time always is 1/2 of the CK clock cycle time (not including jitter).

NOTE 14 WCK_t and WCK_c single-ended input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured
between Vggpp crossing and Vixwck(AC).

NOTE 15 The phase relationship between WCK_t/WCK_c and CK_t/CK_c clocks must meet the tycgock specification.

NOTE 16 Command and address input timings are referenced to Vgggc.

NOTE 17 Command and address input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured between Vggrc
crossing and VA (AC) or Vi A(AC).

NOTE 18 Command and address input pulse widths are design targets. The values will be characterized but not tested on each
device.

NOTE 19 Address input timings are only valid with ABI being enabled and a maximum of 5 address inputs driven Low.

NOTE 20 Parameter may be specified as a combination of tcg and ns.

NOTE 21 Parameters tycgygrr and twegp tr specify the max. allowed WCK clock-to-clock phase shift during WCK2CK training. For
READ and WRITE bursts use tycgy and tywckr.-

NOTE 22 Parameter tycgockpin defines the WCK2CK phase offset range at the CK and WCK pins for ideal (phase = 0°) clock
alignment at the phase detector (when the alignment point in MR?7, bit A0 is set to “at phase detector”), or at the WCK and
CK pins (when the alignment point in MR?7, bit A0 is set to “at pins”). The minimum and maximum values could be
negative or positive numbers, depending on the selected WCK2CK alignment point, PLL-on or PLL-off mode and design
implementation.

NOTE 23 Parameter tywcgocksync defines the max. phase offset from the ideal (phase = 0°) clock alignment at the phase detector
(when the alignment point in MR7, bit A0 is set to “at phase detector”), or at the WCK and CK pins (when the alignment
point in MR?7, bit A0 is set to “at pins”), where the internal logic synchronizes the CK and WCK clocks; it is expected to be
a fraction of tWCKZCK'

NOTE 24 Parameter tycgock defines the max. phase offset from the ideal (phase = 0°) clock alignment at the phase detector (when
the alignment point in MR7, bit A0 is set to “at phase detector”), or at the WCK and CK pins (when the alignment point
in MR7, bit A0 is set to “at pins”), for stable device operation.

NOTE 25 Parameter twckopgr defines the WCK to DQ/DBI_n time delay range for WRITEs for PLL-on and PLL-off mode. The
minimum and maximum values could be negative or positive numbers, depending on design implementation and
PLL-on or PLL-off mode. They also vary across PVT. Data training is required to determine the actual tycxopgp value for
reliable WRITE operation.

NOTE 26 Parameter tywckopgo defines the WCK to DQ/DBI_n time delay range for READs for PLL-on and PLL-off mode. The
minimum and maximum values could be negative or positive numbers, depending on design implementation and
PLL-on or PLL-off mode. They also vary across PVT. Data training is required to determine the actual tycgopgo value for
reliable READ operation.

NOTE 27 Outputs measured with equivalent load (vendor specific) terminated with 60 Q to Vppq.

NOTE 28 DQ/DBI_n input timings are valid only with DBI being enabled and a maximum of 4 data inputs per byte driven Low.

NOTE 29 Data input slew rate must be greater than or equal to 2.7 V/ns. The slew rate is measured between Vggpp crossing and

ViHpac) or ViLpao).
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Table 54 — AC Timings (cont’d)

NOTE 30 The data input pulse width, tppyy, 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. tppyy is measured at the pins. tppy is
independent of the PLL/DLL mode. In general tppyy is larger than tppywy.

NOTE 31 The data input valid window, tpyyy, defines the time region where 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 clock at the latching point introduced
in the path between the DRAM pads and the latching point. Any additional jitter introduced into the source signals (e.g.,
within the system before the DRAM pad) must be accounted for in the final timing budget together with the chosen PLL/
DLL mode and bandwidth. tpyy is measured at the pins. tppyy is defined for PLL/DLL off and on mode separately. In
the case of PLL/DLL on, tppyw must be specified for each supported bandwidth. In general tpyy is smaller than tppyy.

NOTE 32 tpgpg defines the maximum skew among all DQ/DBI_n inputs of a double byte under worst case conditions. Parameter
twckopqr defines the mean value of the earliest and latest DQ/DBI_n pin, tpgpgi(min) the negative offset to twckopgr for
the earliest DQ/DBI_n pin and tpgpqi(max) the positive offset to tyyckopgi for the latest DQ/DBI_n pin.

NOTE 33 tpgpqo defines the maximum skew among all DQ/DBI_n outputs of a double byte under worst case conditions. Parameter
twckopgo defines the mean value of the earliest and latest DQ/DBI_n/EDC pin, tpgpgo(min) the negative offset to
twckepqo for the earliest DQ/DBI_n/EDC pin and tpgpgo(max) the positive offset to twckopgo for the latest DQ/DBI_n/
EDC pin.

NOTE 34 For READs and WRITEs with AUTO PRECHARGE enabled the device will hold off the internal PRECHARGE until
tras(min) has been satisfied.

NOTE 35 Parameter applies when bank groups are enabled and consecutive commands access the same bank group.

NOTE 36 Parameter applies when bank groups are disabled or consecutive commands access different bank groups.

NOTE 37 Not more than 4 ACTIVATE commands are allowed within period.

NOTE 38 Not more than 32 ACTIVATE commands are allowed within t3; oy period. The parameter need not to be specified in case
t3oaw(min) would not be greater than 8 * tg pyy(min).

NOTE 39 Parameter applies between any two PER-BANK REFRESH commands and between a PER-BANK REFRESH command
and a subsequent ACTIVATE command to a different bank.

NOTE 40 Parameter applies when bank groups are enabled and READ and PRECHARGE commands access the same bank.

NOTE 41 Parameter applies when bank groups are disabled or READ and PRECHARGE commands access the same bank.

NOTE 42 tpar = (twr/tck) * (trp/tck)- For each of the terms, if not already an integer, round up to the next integer.

NOTE 43 tccpy is either for gapless consecutive READ or gapless consecutive WRITE commands.

NOTE 44 tccpg is either for gapless consecutive READ or RDTR (any combination), gapless consecutive WRITE, or gapless
consecutive WRTR commands.

NOTE 45 The min. value is vendor specific and does not exceed 8 tcy.

NOTE 46 In DDR mode this parameter refers to LDFF7 instead of LDFF15.

NOTE 47 tgry is not a device limit but determined by the system bus turnaround time. The difference between tyckopgo and
twckopqr shall be considered in the calculation of the bus turnaround time.

NOTE 48 Read data including CRC data must have been clocked out before entering self refresh or power-down mode.

NOTE 49 Write data must have been written to the memory core, and CRC data must have been clocked out before entering self
refresh or power-down mode.

NOTE 50 Time for WCK2CK training and data training not included.

NOTE 51 A maximum of 8 consecutive REFRESH commands can be posted to a GDDR5X SGRAM, meaning that the maximum
absolute interval between any REFRESH command and the next REFRESH command is 9 * tggg;.

NOTE 52 tppgrgr is relevant only when refresh is normally performed using the PER-BANK REFRESH command. REFRESH
commands must be issued at a minimum rate of togrgr to allow impedance updates from the auto-calibration engine to
occur.

NOTE 53 Replaces parameter t; x when PLL Fast Lock has been enabled prior to the PLL/DLL enable or reset.

NOTE 54 The parameter may be specified in tci or ns (vendor specific).

NOTE 55 The parameter applies when the ADD/CMD reference voltage selection in MR7, bit A6 (Half VREFC) has changed.

NOTE 56 The parameter applies when the Vggpp level has been changed in MR6. tygrggp 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 Vgggp voltage has been
reached.

NOTE 57 The parameter applies when the data reference voltage selection in MR7, bit A7 (Half VREFD) has changed.
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The availability of clock-to-data (WCK2DQ) timing sensitivity information provides the controller the
opportunity to anticipate the impact to timings from variations in environmental conditions such as
changes in voltage or temperature, allowing the controller to take corrective action if necessary (e.g.,
realigning WCK and DQ).

Variations in relative timing between WCK and data are reported for READ and WRITE paths. The
reported values are characterized but not tested in production.

Table 55 — WCK-to-Data-In Timing Sensitivity

NOTE 5
NOTE 6

tO2TSens = ((twck2pQo(Tease(Max)) - twck2pQo(Tcase(min))) ! (Tease(max) - Tepse(miny))).
Vppa(typ), Vpp(typ), worst-case process corner.

PARAMETER SYMBOL | VALUES | UNIT | NOTES

PLL on

WCK2DQI Sensitivity to variations in Vppg t12vQsens ps/V 1,2
PLL off
PLL on

WCK2DQI Sensitivity to variations in Vpp tVSens ps/V 3,4
PLL off
PLL on

WCK2DQI Sensitivity to variations in Tguee tTSens ps/°C 56
PLL off

NOTE 1 t12VQSens = ((twckzpai(Vppg(max)) - twekzpar(Vppg(min))) / (Vppg(max) - Vppg(min))).

NOTE 2 Vpp(typ), Tcase = 85 °C, worst-case process corner.

NOTE 3 t12VSens = ((twckapqi(Vpp(max)) - twckzpqi(Vpp(min))) / (Vpp(max) - Vpp(min))).

NOTE4 Vpp(typ), Tease =85 °C, worst-case process corner.

NOTE5  t12TSens = ((twck2pQl(Tease(max)) - twekapi(Tease(min))) / (Tease(max) - Tegse(miny).

NOTE 6 Vppo(typ), Vpp(typ), worst-case process corner.

Table 56 — WCK-to-Data-Out Timing Sensitivity
PARAMETER SYMBOL | VALUES | UNIT | NOTES

PLL on

WCK2DQO Sensitivity to variations in Vppg toovQSens ps/V 1,2
PLL off
PLL on

WCK2DQO Sensitivity to variations in Vpp toovsens ps/V 3,4
PLL off
PLL on

WCK2DQO Sensitivity to variations in T,ge tooTSens ps/°C 56
PLL off

NOTE1 tO2VQSens = ((twckapqo(Vppo(max)) - twek2poo(Vppo(min))) / (Vppg(max) - Vppo(min))).

NOTE 2 Vpp(typ), Tcase = 85 °C, worst-case process corner.

NOTE 3 tO2VSens = ((twckzpqo(Vpp(max)) - twckapgo(Vpp(min))) / (Vpp(max) - Vpp(min))).

NOTE 4 Vppq(typ), Tease = 85 °C, worst-case process corner.
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810 PODI/O SYSTEM

The POD I/O system is optimized for small systems with very high data rates. The system allows a single
Initiator device to control one Target in the case of GDDR5X. The POD driver uses a 40/60 ) output
impedance that drives into a 60 Q equivalent terminator tied to Vppg as shown in Figure 108.

Vbbpo

0/60\“ Data bit or ADD/CMD é 6002

Figure 107 — System Configuration

The POD 1/O cell is comprised of a 40/60 Q driver and a programmable terminator of 60 or 120 (2 for
address/command inputs and 60, 80 or 120 Q for data inputs. The POD cell's terminator is disabled when
the output driver is enabled. The basic cell is shown in Figure 108.

Voo 60/80/120 Q) Terminator
Enabled when receiving

-

Output Data
Output Enable

N

DQ

B Vo)) S—

Vsso

60 Q pull-up and 40 Q pull-down
when transmitting

Figure 108 — POD 1/O Cell

The POD I/O cell is intended to have its driver and terminators combined together to minimize the area
needed to implement the cell and reduce pad capacitance. To ensure that the target impedance is achieved
the POD 1/O cell is designed to be calibrated to an external 1% precision resistor.

The following procedure may be used to calibrate the cell:

1) Calibrate the PMOS device against a 120 Q resistor to Vgg via the ZQ pin as illustrated in Figure 109.

® Set Strength Control to minimum setting
® Increase drive strength until the comparator detects data bit is greater than Vppg/2
® The PMOS device is calibrated to 120 QO
2) Calibrate the NMOS device against the calibrated 120 Q2 PMOS device as illustrated in Figure 110.
® Set Strength Control to minimum setting
® Increase drive strength until the comparator detects data bit is less than Vppg/2
® The NMOS device is now calibrated to 120 Q
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810 POD I/O SYSTEM (cont’d)

Vbpo
Strength control [2:0] +{
3
Comparator
120 Q
Match
— VDDQ/2
Vsso
When Match PMOS leg is calibrated to 120 Q2
Figure 109 — PMOS Calibration
Vbpo

Calibrated PMOS Strength

1

Comparator

Match
— VDDQ/Z
Strength control [2:0] +|:
3

Vssg

Figure 110 — NMOS Calibration

The driver and termination impedances are derived from the following test conditions under worst case
process corners:

1. Nominal VDD/VDDQ

2. Power the device and calibrate the output drivers and termination at 25 °C to eliminate process
variation.

3. Reduce the temperature to 10 °C and recalibrate.

4. Reduce the temperature to 0 °C and take the fast corner measurement.
5. Raise temperature to 75 °C and recalibrate.

6. Raise temperature to 85 °C and take the slow corner measurement.

7. Reiterate steps 2 to 6 with Vpp/Vppg of 1.3095 V.

8. Reiterate steps 2 to 6 with Vpp/Vppg of 1.3905 V.

9. All obtained driver and termination IV characteristics have to be bounded by the specified MIN and
MAX I/V characteristics
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810 POD I/O SYSTEM (cont’d)

The following values (ideal with +/- 10% MIN/MAX) are targets for the designer and are not required to be
met. Vendor datasheets should be consulted for further details. It is expected that the characteristics of the
real curves will have some nonlinearity as shown in Figure 113 and Figure 114. This may help to reduce

the overall capacitance and boost performance. It is up to the designer to find the optimum combination of
linearity and capacitance for best Rx and Tx performance.

Table 57 — 1.35 V I/O Impedances

PULL-DOWN CHARACTERISTIC

PULL-UP / TERMINATION CHARACTERISTIC

AT 40 Q AT 60 Q
Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA) Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA)
0.1 2.25 2.50 2.75 0.1 -1.50 -1.67 -1.83
0.2 4.50 5.00 5.50 0.2 -3.00 -3.33 -3.67
0.3 6.75 7.50 8.25 0.3 -4.50 -5.00 -5.50
0.4 9.00 10.00 11.00 0.4 -6.00 -6.67 -7.33
0.5 11.25 12.50 13.75 0.5 -7.50 -8.33 -9.17
0.6 13.50 15.00 16.50 0.6 -9.00 -10.00 -11.00
0.7 15.75 17.50 19.25 0.7 -10.50 -11.67 -12.83
0.8 18.00 20.00 22.00 0.8 -12.00 -13.33 -14.67
0.9 20.25 22.50 24.75 0.9 -13.50 -15.00 -16.50
1.0 22.50 25.00 27.50 1.0 -15.00 -16.67 -18.33
1.1 24.75 27.50 30.25 1.1 -16.50 -18.33 -20.17
1.2 27.00 30.00 33.00 1.2 -18.00 -20.00 -22.00
1.3 29.25 32.50 35.75 1.3 -19.50 -21.67 -23.83
1.35 30.375 33.75 37.125 1.35 -20.25 -22.50 -24.75
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810 POD I/O SYSTEM (cont’d)

45

40

35 -

30
25
20

15 -~

10 -

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Volt

‘ —&@— Min ideal Max

Figure 111 — Target Pull-Down Characteristic at 40 Q
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Figure 112 — Target Pull-Up/Termination Characteristic at 60 Q
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810 POD I/O SYSTEM (cont’d)

45

40

35

30

25
mA
20

15

10

—A— ideal non-linearity

Figure 113 — Example of Non Linearity, Pull-Down Characteristic at 40 Q

-5

mA
-15

-30 : : : : | ; : : : : : '

—&— ideal non-linearity

Figure 114 — Example of Non Linearity, Pull-Up/Termination Characteristic at 60 Q
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9 PIN DEFINITION and BALLOUT

9.1 SIGNAL DESCRIPTION

Table 58 — Signal Description

SYMBOL | TYPE DESCRIPTION

CK_t, CK_c| Input |Clock: CK_t and CK_c are differential clock inputs. Command inputs are latched on the rising edge of
CK_t. Address inputs are latched on the rising edge of CK_t and the rising edge of CK_c. All latencies
are referenced to CK_t.

WCKO1_t, Input | Write Clocks: WCK_t and WCK_c are differential clocks used for WRITE data capture and READ data

WCKO01_c, output. WCKO01_t/WCKO1_c is associated with DQO0-DQ15, DBIO_n, DBI1_n, EDCO0 and EDCI1.

WCK23_t, WCK23_t/WCK23_c is associated with DQ16-DQ31, DBI2_n, DBI3_n, EDC2 and EDC3.

WCK23_c

CKE_n Input | Clock Enable: CKE_n Low activates and CKE_n High deactivates the internal clock, device input
buffers, and output drivers. Taking CKE_n High provides PRECHARGE POWER-DOWN and SELF
REFRESH operations (all banks idle), or ACTIVE POWER-DOWN (row ACTIVE in any bank). CKE_n
must be maintained Low throughout read and write accesses.

RAS n, Input | Command Inputs: RAS_n, CAS_n, and WE_n define the command being entered.

CAS_n,

WE_n

BAO-BA3 Input | Bank Address Inputs: BAO-BA3 define to which bank an ACTIVATE, READ, WRITE, PRECHARGE
or PER-BANK REFRESH command is being applied. BA0-BA3 also determine which Mode Register
is accessed with a MODE REGISTER SET command. BAQ-BA3 are sampled with the rising edge of
CK_t.

A0-A15 Input | Address Inputs: A0-A12 (A13, Al4, A15) provide the row address for ACTIVATE commands.
AO0-A5 provide the lower column address (CAL) and A7,A9,A12-A15 the upper column address
(CAU) in QDR operating mode; A0-A6 provide the lower column address (CAL) and A6-A7, A9,
A12-A15 the upper column address (CAU) in DDR operating mode. A8 defines the auto precharge
function for READ/WRITE commands, to select one location out of the memory array in the
respective bank. A8 sampled during a PRECHARGE command determines whether the
PRECHARGE applies to one bank (A8 Low, bank selected by BA0-BA3) or all banks (A8 High).
The address inputs also provide the op-code during a MODE REGISTER SET command and the
data bits during a LDFF command. A8-A12,A14 are sampled with the rising edge of CK_t and
A0-A7,A13,A15 are sampled with the rising edge of CK_c. CAL is associated with DQ0-DQ15 and
CAU is associated with DQ16-DQ31.

ABI_n Input | Address Bus Inversion

DQO0-DQ31 | I/O |Data Input/Output: 32-bit data bus

DBIO0_n- 1/O Data Bus Inversion. DBI0_n is associated with DQO0-DQ?7, DBI1_n is associated with DQ8-DQ15,

DBI3_n DBI2_n is associated with DQ16-DQ23, DBI3_n is associated with DQ24-DQ31.

EDCO- Output | Error Detection Code. The calculated CRC data is transmitted on these pins. In addition these pins

EDC3 drive a ‘hold’ pattern when idle and can be used as an RDQS function. EDCO is associated with
DQO0-DQ7, EDC1 is associated with DQ8-DQ15, EDC2 is associated with DQ16-DQ23, EDC3 is
associated with DQ24-DQ31.

Vbbo Supply |I/O Power Supply

Vssg Supply | I/O Ground

Vbp Supply | Power Supply

Vgs Supply | Ground

VREEC Supply | Reference Voltage for address and command pins

Vpp Supply | Pump Voltage

MF Input | Mirror Function. Must be tied to power or ground.

ZQ Supply | Reference Pin for ZQ calibration

TDI Input |JTAG test data input

TDO Output | JTAG test data output

T™MS Input |JTAG test mode select

TCK Input |JTAG test clock

RESET_n Input | Reset Pin. 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.
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9.2 CLAMSHELL (x16) MODE

A GDDR5X SGRAM based memory system is typically divided into several channels each being 32 bit
wide. A channel can be comprised of a single GDDR5X SGRAM operated in x32 mode, or optionally two
GDDR5X SGRAMs each operated in x16 (clamshell) mode and typically assembled on opposite sides of
the PCB. Clamshell mode is an elegant method to double the channel’s memory density.

In x32 mode all high speed data pins (DQ, DBI_n, EDC) and WCK clocks shall be routed point-to-point
(P2P). In x16 mode, all high speed data pins (DQ, DBI_n, EDC) and WCK clocks are recommended to be
routed P2P. WCK is allowed to be routed point-to-two-point (P22P) for x16 mode but may limit achievable
frequencies. The address and command pins and CK clock shall be routed P2P when the device is
operated in x32 mode, and P22P when the devices are operated in x16 mode as shown in Figure 115. Please
note that in x16 mode one device must be configured to MF=0 (non-mirrored) and the other device to
MF=1 (mirrored). In x32 mode the device can be configured to MF=0 or MF=1 depending on PCB routing
preferences.

Single side configurations Clamshell configurations
x32 MF=0 x16 MF=0
# —
x16 MF=1
x32 MF=1 x16 MF=1

F Legend:
,” | — DATA
I = ADD/CMD

—_— CK, WCK

x16 MF=0

Figure 115 — Example GDDR5X PCB Layout Topologies

GDDR5X SGRAMSs supporting the optional x16 mode are configured to either x32 mode or x16 mode at
power-up with RESET_n going High. The mode is selected on the pin at location D-12 which is EDC1
when configured to MF=0 and EDC2 when configured to MF=1. For x16 mode this pin is tied to Vgg; the

pin is part of the two bytes that are disabled in this mode and therefore not needed for EDC functionality.
For x32 mode this pin is active and terminated to Vppq in the system or by the controller. The disabled

pins in x16 mode are all in a High-Z state, non-terminating.
GDDR5X SGRAMSs not supporting the optional x16 mode are pre-configured to x32 mode.

The ADD/CMD and CK pin ODT is enabled with a value as determined by the level of the CKE_n pin at
RESET_n going HIGH.

Table 59 — MF, x32/x16 Mode and Default ADD/CMD/CK ODT

MODE MF EDC1 (MF=0) or EDC2 (MF=1) Default ADD/CMD ODT
x16 non-mirrored Vssq Vssq ZQ=1200Q
x32 non-mirrored Vsso Vpp(Q (terminated by the system or controller) ZQ/2=600Q
x16 mirrored Vbpa Vssq ZQ=120Q
x32 mirrored Vbpo Vppq (terminated by the system or controller) ZQ/2=600Q
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9.2 CLAMSHELL (x16) MODE (cont’d)

Usually, the configuration is fixed in the system. Once the configuration has been set, it cannot be changed

during normal operation. Details of the x32/x16 mode selection are depicted in Figure 117. A comparison
of x32 mode and x16 mode systems is shown in Figure 116.

Figure 116 — System View for x32 Mode vs. x16 Mode

GDDR5X GDDR5X GDDR5X
x32 x16 x16
< DQU-DQ7DBIOn | Byte0 < DQU-DQ7DBIO n | Byte0
- EDCO - EDCO
L WCKO1_t, WCKO1_c—p WOl Swekoy S >
< _DQSDQISDBI n_ | Bytel < DQ8-DQI5,DBI n 5| Byte1l
- EDC1 - EDC
Is B L{EDCI L{EDC2
S : 2 .
g < DQIGDQ23DBI2 n | Byte?2 g < DQIGDQ2DBI2 n_ > Byte2
s [ EDC2 g [ WK LWOK2S
— t,
O [—WCK23_tWCK23_c» o —WCK23_t,WCK23_‘é_: -
< DQ-DQILDBIB | Byte3 < DQ24DQB1,DBIB n 5| Byte3
- EDC3 - EDC3
Command Bus > ADD/ Command Bus > ADD/ ) ADD/
Address Bus > CMD Address Bus > CMD ) CMD
CK_t,CK_c——»] CK_t,CK_c——»] L
RESET_n > L RESET n—— |
MF MF MF
T T T
Vssq Vssq Vbpaq
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9.2 CLAMSHELL (x16) MODE (cont’d)

VDDQ

Controller

: RESET_n

VDDQ

enable

Termination

Controller

<¢—EDC
ixlﬁ

EDC data from
other SGRAM

EDC1

GDDR5X
in x16 mode
MF=0

= | EDC Data

l@—EDC.
ixm

VSSQ

| RESET n RESET_n
GDDR5X
EDC data from in x16 mode
other SGRAM MF=1
EDC2

| EDC Data
TX

Controller

: RESET _n|

VSSQ
RESET _n| RESET RESET_n
GDDR5X
in x32 mode
MF=0or 1
EDC1
b = | EDC Data

RESET_n

RESET_n——p»}

Figure 117 — Enabling x32 or x16 Mode



JEDEC Standard No. 232A.01
Page 141

9.3 MIRROR FUNCTION (MF) ENABLE

A mirror function (MF) mode is provided to change the physical location of the data, command and
address pins assisting in PCB signal routing. The MF pin should be tied directly to Vsgg or Vppg
depending on the desired ballout.

It is pointed out that this mirror function mode swaps the location of the data bytes (Byte 0 .. Byte 3). The
controller must strictly adhere to this data byte order because this byte order is assumed in the internal
assignment of the write data mask received with WDM and WSM commands.

Table 60 — ADD/CMD Signals Affected by Mirror Function Mode (MF)

SIGNAL SIGNAL SIGNAL
Ball ME=0 MF=1 Ball MF=0 MF=1 Ball MF=0 MF=1
H-4 RAS_n CAS_n J-10 BA3 A3 BA1 A5 L-10 BA1 A5 BA3 A3
H-11 CKE_n WE_n J-11 BAO A2 BA2 A4 L-11 BA2 A4 BAO A2
J-4 A10 A0 A8 A7 L-4 A8 A7 Al10 A0 M-4 CAS_n RAS_n
J-5 A9 Al All A6 L-5 All A6 A9 Al M-11 WE_n CKE_n




JEDEC Standard No. 232A.01
Page 142

9.4 BALLOUT

Table 61 — GDDR5X SGRAM 190-ball BGA Ballout MF=0

1 2 3 4 5 6 7 8 9 10 11 12 13 14

BYTE 1

A Vobo | Vop

B

C Vopg | Vppo

:

E Vopg | Vppo

F

G Vopbo | Vobp

H CKE_n

J B:zo Vbpo

K

L Bjﬁz Vbpo

M WE_n

N Vobo | Vop

P

T
U Vobo | Vopo
v
w Vobo | Vobp
BYTE 3 BYTE 2

NOTE1 Top View (as seen thru package).
NOTE 2 Bytes 1 and 3 are disabled when the device is configured to x16 mode, non-mirrored (MF=0).
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9.4 BALLOUT (cont’d)
Table 62 — GDDR5X SGRAM 190-ball BGA Ballout MF=1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
BYTE 2
A Vobo | Vop
B
C Vopo | Vppo
D
E Vopo | Vppo
F
G Vobo | Vop
H
J Vbbo
K
L Vbbo
M
N Vobo | Vop
P
R Vobo | Vppo
T
U Vobo | Vppo
v
w Vobo | Vobp
BYTE 0 BYTE 1

NOTE1 Top View (as seen thru package).
NOTE 2 Bytes 0 and 2 are disabled when the device is configured to x16 mode, mirrored (MF=1).
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10 PACKAGE OUTLINE

Table 63 — Package Dimensions

Parameter Symbol | Minimum | Nominal | Variation
Length D 14.00 +/- 0.100
Width E 10.00 +/-0.100
Height A 1.10 +/- 0.100
Ball diameter b 0.40 +/- 0.050
Standoff Al 0.21

Ball pitch e 0.65

NOTE1 GDDR5X package dimension specification is compliant to MO-246 Rev. G,
variation T14.0x10.0-HK-190G.
NOTE 2 All dimensions in mm unless otherwise noted.
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Figure 118 — Package Dimensions (for Reference Only)
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11 BOUNDARY SCAN

The GDDR5X SGRAM incorporates a boundary scan standard test access port that operates in accordance
with IEEE Standard 1149.1-2013. It allows monitoring and control of the device’s external I/O pins through
a dedicated test port, and is controlled by an integrated test access port (TAP) controller.

DRAM vendors may in addition use this test access port to gain access to proprietary test modes built into
the device; this access will be provided through vendor defined instructions as outlined in clause 11.4.

11.1  TEST PINS

Four dedicated pins are associated with the boundary scan test access port.

Test Clock (TCK)

The test clock is used only with the TAP controller. All inputs are captured on the rising edge of TCK. All
outputs are driven from the falling edge of TCK.

Test Mode Select (TMS)

Commands to the TAP controller are received through the test mode select input. An internal pull-up
resistor ensures that an undriven input is latched as a logic 1.

Test Data Input (TDI)

The pin is used to serially load test instructions and data into the registers and can be connected to the
input of any register. The register between TDI and TDO is selected by the instruction that is loaded into
the TAP instruction register. An internal pull-up resistor ensures that an undriven input is latched as a
logic 1. TDI is connected to the most significant bit (MSB) of any register.

Test Data Output (TDO)

The pin is used to clock test instructions and data serially out of the registers. The TDO output driver is
only active during the Shift-IR and Shift-DR TAP controller states (see Figure 119) and is High-Z in all
other states. The output changes on the falling edge of TCK. TDO is connected to the least significant bit
(LSB) of any register.

11.2 TAP CONTROLLER

The TAP controller is a finite state machine that uses the logic level of the TMS pin at the rising edge of
TCK to navigate through its various operating modes as illustrated in Figure 119. The states are described
subsequently. Actions of the test logic (e.g., data capture, shift or register updates) occur on the next falling
or rising TCK edge in each state.

Test-Logic-Reset

The Test-Logic-Reset state is entered when TMS is held High for at least five consecutive rising edges of
TCK. As long as TMS remains High, the TAP controller remains in the test-logic-reset state, and the test
logic is inactive during this state. The test-logic-reset state is also asychronously entered upon device
initialization to prevent any false interaction with the functional I/O of the device when boundary scan
mode operation is not desired.

Run-Test/Idle

Run-Test/Idle is a controller state in between scan operations. The state can be maintained by holding TMS
Low. From here, either the data register scan, or subsequently, the instruction register scan can be selected.

Select-DR-Scan

This is a temporary controller state. All test data registers retain their state while here.
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11.2 TAP CONTROLLER (cont’d)
Capture-DR

This state is where data is parallel-loaded into the test data registers.

Shift-DR

Data is shifted serially through the data register while in this state. As new data is input through the TDI
pin, data is shifted out of the TDO pin.

Exit1-DR, Pause-DR, and Exit2-DR

The purpose of Exit1-DR is to provide a path for return to the Run-Test/Idle state (through the Update-DR
state). The Pause-DR state is entered when there is a need to suspend data shifting through the test
registers. When shifting is to reconvene, the controller enters the Exit2-DR state and can then re-enter the
Shift-DR state.

Update-DR

Data is parallel loaded from the shift register to the parallel output register on the falling edge of TCK in
this controller state.

Instruction Register States

The instruction register states of the TAP controller are similar to the data register states. The desired
instruction is shifted serially into the instruction register during the Shift-IR state and is loaded during the
Update-IR state.

Test-Logic-Reset )

v 0
@ Rontesyidle Y pEt M > e -
A v0 v0
1 Capture-DR 1 Capture-IR )
v0 30
Shift-DR j‘:@ Shift-IR @
vl ¥1
ExitlDR ExitlIR
v0 30
Pause-DR @ [ Pause-IR @
vl ¥1
(" ExieDR ) I Exi2R )
vl ¥1
( Update-DR )47 [ Update-IR )47
)1 vO0 )1 Yo

Figure 119 — TAP Controller
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11.3  TAP REGISTERS

Several registers are provided to serially load and scan out instructions and data through the TDI and
TDO pins. Only a single register can be selected at a time; the selection is determined by the active
instruction and the TAP controller state.

Instruction (IR) Register

Eight-bit instructions (see Table 65) can be loaded serially into the instruction register. This register is
loaded during the Update-IR state of the TAP controller. The instruction register is loaded with the
IDCODE instruction upon power-up or when the TAP controller is in the Test-Logic-Reset state. When the
TAP controller is in the Capture-IR state, the register is loaded with a hexadecimal 0x01 pattern to
accommodate fault isolation of the board-level serial test data path.

Bypass (BY) Register

The BY register is a single-bit register that can be placed between the TDI and TDO pins. This enables data
shifting through the device with minimal delay. The BY register is loaded with 0 in the Capture-DR
controller state when the BYPASS, CLAMP or HIGH-Z instruction is executed.

Identification (ID) Register

The ID register contains a vendor specific 32-bit hardwired device identification code as shown in Figure
120. The register is loaded during the Capture-DR state when the IDCODE command is loaded in the
instruction register. The register is shifted out in the Shift-DR controller state. The manufacturer identity
field shall be programmed according to the latest revision of JEP106.

MSB LSB
31 2827 12 11 10
Version Part Number Maﬂl%%tcigrer 1

Figure 120 — Identification Register

Boundary Scan (BS) Register

The BS register is the primary test register that monitors and controls the data flow through the functional
I/O of the device. The register is parallel-loaded with the contents of the I/O when the TAP controller is in
the Capture-DR state. It is then placed between the TDI and TDO pins when the controller is moved to the
Shift-DR state; in that state new test data are serially shifted in from the TDI pin while the captured pin
state are shifted out on the TDO pin at the same time.

Different types of boundary scan cells are associated with each device pin. Example implementations of
boundary scan cells are shown in Figure 121.

Each input pin is equipped with an observe-only cell for input data capture. Differential clocks (CK, WCK)
are equipped with an observe-only input cell on both their true and complement inputs. VREFC and ZQ
pins are as well equipped with an observe-only cell; their scan result may be masked (ignored) if, e.g.,
internal VREFC is used.

Each DQ pin is equipped with one combined input and output boundary scan cell. The cell performs the
same function for input data capture as provided for the input pins, and also holds the output data. An
additional boundary scan cell per byte controls the output enable of the 8 DQs of that byte.

Each DBI_n pin is equipped with two boundary scan cells. The first cell is the same combined input and
output boundary scan cell for input data capture and output data as for a DQ pin. The second cell controls
the output enable.

Each EDC pin is equipped with two boundary scan cells. For EDC 1 the first cell is the same combined
input and output boundary scan cell for input data capture and output data as for a DQ pin. For the other
EDC pins the first cell holds the output data. For all EDC pins the second cell controls the output enable.



JEDEC Standard No. 232A.01

Page 148
11.3 TAP REGISTERS (cont’d)
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11.3 TAP REGISTERS (cont’d)

The boundary scan register has a fixed length of 77 for all densities, and the boundary scan cells shall be
connected as outlined in Table 64.

Table 64 — Boundary Scan Register Bit Order
BIT|BALL |[TYPE| PIN |BIT|BALL|TYPE| PIN |BITBALL|TYPE| PIN |BIT BALL TYPE| PIN

B4 | I/O DQO 20 | K2 I |RESET_n||40 | V-11 | I/O DQ16 (|60 | J-11 1 BAO A2
B-3 | I/O DQ1 21| L4 I A8 A7 ||41| V-12 | I/O DQ17 (|61 | J-10 I BA3 A3
C4 | I/O DQ2 22| L5 I All A6 ||42 | U-11 | I/O DQ18 (|62 | H-11| 1 CKE_n
C3 | I/O DQ3 23 | M4 1 CAS_n ||43 | U-12 | I/O DQ19 (|63 | H-13| 1 ZQ
OE EDCO ([24| N-3 | I/O DQ31 (|44 | T-12 | OE EDC2 |64 | G-12 | I/O DQ15
D3 | O EDCO ||25| N4 | I/O DQ30 ||45| T-12 | O EDC2 |65 | G-11 | I/O DQ14
D-5 I |WCKO01l_c||26| P-3 | I/JO DQ29 (|46 | - OE |DQ[23:16]|| 66 | F-12 | I/O DQ13
D-4 I |WCKO1_t||27 | P4 | I/JO DQ28 (|47 | R-12 | OE | DBI2_n |67 | F-11 | I/O DQ12
- OE | DQ[7:0] ||28 | R-3 | OE | DBI3_n [|48 | R-12 | I/O | DBI2_n (|68 | E-12 | OE | DBIl_n
E-3 | OE | DBIO_.n |[{29 | R-3 | /O | DBI3_n (|49 | P-11 | I/O DQ20 (|69 | E-12 | I/O | DBIl_n

O | 0| 3| |G| ]| W| N[~ O
*
(O8]

10| E-3 | I/O | DBIO_n (|30 | - OE |DQ[31:24]|| 50 | P-12 | I/O DQ21 (|70 | - OE | DQJ15:8]
11| F4 | I/O DQ4 31| T4 I |WCK23_t||51 | N-11 | I/O DQ22 (|71 | D-12 | OE EDC1
12| F-3 | I/O DQ5 32| T-5 I |WCK23_c||52 | N-12 | I/O DQ23 (|72 | D-12 | I/O EDC1
13| G4 | I/O DQ6 33| T-3 | OE EDC3 (|53 |M-11| I WE_n (|73 | C-12 | /O DQ11
14| G3 | I/O DQ7 34| T3 0] EDC3 (|54 | L-10 I BA1 A5 ||74 | C-11 | I/O DQ10
15| H-4 I RAS n ||35| U-3 | I/O DQ27 ||55| L-11 I BA2 A4 ||75| B-12 | I/O DQ9
16 | J-5 I A9 Al ||36| U4 | I/O DQ26 |56 | K-13 | I VREEFC ||76 | B-11 | 1/O DQ8
17| J4 I A10 A0 (|37 | V-3 | I/JO DQ25 (|57 | K-12 | I | Al4 Al5

18 | K-5 I | A12A13 |38 | V-4 | I/O DQ24 (|58 | K-11 I CK_t

19 | K4 I ABLn |[39|W-12| 1 MF 59 | K10 | I CK_c

NOTE 1 Register types: I = input cell; O = output cell; I/O = combined input and output cell; OE = output enable control cell.
NOTE 2 Pin names are shown for MF=0 configuration.
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114  TAP INSTRUCTION SET

Table 65 summarizes the instructions supported by the TAP controller. Instruction codes not listed in the
table may be used by the DRAM vendor for vendor specific instructions.

Table 65 — Boundary Scan Instructions

Instruction Op-Code Active Data Register
BYPASS 0x00 Bypass
SAMPLE/PRELOAD 0x01 Boundary Scan
IDCODE 0x02 Identification
CLAMP 0x04 Boundary Scan / Bypass
HIGH-Z 0x08 Bypass
EXTEST 0x10 Boundary Scan
BYPASS OxFF Bypass

SAMPLE/PRELOAD

The SAMPLE/PRELOAD instruction provides two functions. The SAMPLE function allows a snapshot of
the states of the device's input and output signals to be taken without interfering with the system’s normal
operation; the snapshot is taken and captured in the boundary scan register on the rising edge of TCK
when the TAP controller is in the Capture-DR state. The data can then be viewed by shifting through the
device’s TDO output.

The PRELOAD function allows an initial data pattern to be placed at the latched parallel outputs of
boundary scan register cells before the selection of another boundary scan test operation, for example,
before the selection of the EXTEST instruction. As soon as the EXTEST instruction has been transferred to
the parallel output of the instruction register, the preloaded data are driven through the system output
pins.

IDCODE

The IDCODE instruction causes loading of a vendor-specific, 32-bit code into the identification register. It
also places the identification register between the TDI and TDO pins and enables shifting the IDCODE out
of the device when the TAP controller enters the Shift-DR state. The IDCODE instruction is loaded into the
instruction register upon power-up or whenever the TAP controller is in the Test-Logic-Reset state.

CLAMP

The CLAMP instruction allows the state of the device’s output pins to be determined from the boundary
scan register, while the bypass register is selected as the serial path between TDI and TDO. Data in the
boundary scan register may result from the previous use of the PRELOAD instruction. The signals driven
from the output pins do not change while the CLAMP instruction is selected.

HIGH-Z

The High-Z instruction places all device output pins into a High-Z state; it causes the bypass register to be
connected between TDI and TDO.

EXTEST

The EXTEST instruction allows testing of off-chip circuitry and board-level interconnections. Test data
typically would be loaded onto the latched parallel outputs of boundary scan shift-register stages using
the PRELOAD instruction before selection of the EXTEST instruction.

When the EXTEST instruction is selected, the state of all signals driven from the device’s output pins
changes only on the falling edge of TCK in the Update-DR controller state, and the state of all signals
received at the device’s input pins shall be loaded into the boundary scan register on the rising edge of
TCK in the Capture-DR controller state.
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11.4 TAP INSTRUCTION SET (cont’d)

BYPASS

When the BYPASS instruction is loaded in the instruction register and the TAP is placed in a Shift-DR
state, the bypass register is placed between TDI and TDO. Please note that two op-codes are associated
with the BYPASS instruction.

11.5 BOUNDARY SCAN OPERATION

Figure 122 illustrates a typical boundary scan test port operating sequence. The TAP states correspond to
those shown in Figure 119. The sequence starts from the Test-Logic-Reset state. At first an instruction is
serially loaded into the instruction register at clock edges T6 through T13 and latched in the Update_IR
state at T16. The TAP then advances to the data register states, to parallel-load test data into the test data
register in the Capture-DR state at T19, serially shift the test data in the Shift-DR state starting at T20, and
finally to update the test data register’s parallel outputs in the Update-DR state at T20+n.
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Figure 122 — Example Boundary Scan Operation
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11.5 BOUNDARY SCAN OPERATION (cont’d)

Table 66 — Boundary Scan AC Electrical Characteristics

PARAMETER/CONDITION SYMBOL MIN MAX | UNIT
TCK clock cycle time trck 20 - ns
TCK clock high-level width tren 0.45 - trck
TCK clock low-level width trer 0.45 - trck
TDI, TMS input setup time to rising TCK edge tps 25 - ns
TDI, TMS input hold time from rising TCK edge ttDH 2.5 - ns
TDO output hold time from falling TCK edge tron 0 - ns
TDO output valid time from falling TCK edge trov - 5 ns

11.6 INTERACTIONS BETWEEN BOUNDARY SCAN AND NORMAL DEVICE

OPERATION

Boundary scan operation may be initiated at any time after all voltages are stable (step 3 of the power-up
sequence). Interactions between normal device operation and boundary scan operation depend on the

selected scan instruction (see Table 65):

¢ Instructions BYPASS, IDCODE and SAMPLE/PRELOAD can be loaded and executed in parallel with
normal device operation. The state of the high speed pins is not impacted by these scan instructions,
and all commands are executed as normal. It is pointed out that the SAMPLE function of the SAMPLE/
PRELOAD instruction is not supported; any data sampled with this instruction shall be ignored.

¢ Instructions EXTEST, CLAMP and HIGH-Z take control of the high speed pins and therefore cannot be

executed in parallel with normal device operation. The device disables the command decoder,

terminates all ongoing command executions and forces the device into reset state once one of these

instructions is loaded into the instruction register.

Once boundary scan operation has been completed, the device may return to normal operation without
cycling through power-off and power-on by following this sequence:

1. Assert RESET _n to Low.

2. Terminate boundary scan operation by setting the TAP controller back to Test-Logic-Reset state; this
state will load the IDCODE instruction into the instruction register, enable the command decoder and

release control of the high speed pins.

3. Maintain RESET_n Low for a minimum time of tggg, then continue with step 3 of the initialization

with stable power sequence.
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Annex A - (Informative) Differences between JESD232 and JESD232A

This annex briefly describes most of the changes made to entries that appear in this standard,

JESD232A, compared to its predecessor, JESD232 (November 2015). 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 Description of Change
3 B.1, Functional overview: two redundant paragraphs deleted; paragraphs are part of section 3.3 (Clocking)
151’3%?1537’ IMinor wording changes for improved readability

25,35 @4, Mode Registers; 4.6, MR5: “PLL/DLL Bandwidth” field width reduced from 3 bits to 2 bits; bit A5 is now RFU
51 6.3, WCK2CK training: condition added that training with WCK stop is restricted to fycxstop
64 7.1, Commands: abbreviation for all-bank refresh command changed from “REF” to “REFAB”
76 7.6.1, DQ write preamble: wording changes; timing diagram deleted
93 7.9, Read: redundant arrow “tccp” in Figure 90 (Read-to-Write) deleted
100 7.11.2, Per-Bank Refresh command: example added (Table 29 and text); self refresh entry command added to Table 30
107 [7.13, Power-down: typo fixed in Table 33 (“off” to “active”)
117 8.6, DC & AC Operating Conditions: Vipcg(DC) value in Table 46 corrected from 0.19V to 0.198V (typo)
119 8.7, Ipp and Ipp Specifications and Test Conditions: definition of Ipp, currents added
126 8.8, AC Timings: parameter fyycisrop added; “PLL” changed to “PLL/DLL” for consistency
137 P.1, Signal Description: descriptions for BA[3:0] and MF pins corrected

147,149 [11.3, TAP registers: EDC1 pin changed from output to bidirectional; text and bit 72 in Table 64 adjusted
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Annex B - (Informative) Differences between JESD232A.01 and JESD232A

This annex briefly describes most of the changes made to entries that appear in this standard,
JESD232A.01, compared to its predecessor, JESD232A (August 2016). 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.

1. Terminology update, replacing all instances of “master” with “controller” and “slave” with “target”
2. Reformatted Table of Contents to JEDEC standard
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