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WIDE I/0 SINGLE DATA RATE (WIDE 1/0 SDR)

(From JEDEC Board Ballot JCB-11-79, formulated under the cognizance of the JC-42.6 Subcommittee on Low
Power Memories.)

1 Scope

This standard defines the Wide 1/0 specification, including features, functionality, AC and DC characteristics,
packages, and micropillar signal assignments. This standard covers the following technologies: Wide 1/0. The
purpose of this standard is to define the minimum set of requirements for JEDEC compliant, 1 Gb through 32 Gb
SDRAM (monolithic density) deviceswith 4, 128b wide channels using direct chip-to-chip attach methods between 1
to 4 memory devices and a controller device. This standard was created using aspects of the following standards:
DDR2 (JESD79-2), DDR3 (JESD79-3), LPDDR (JESD209), and LPDDR2 (JESD209-2). Each aspect of the
standard was considered and approved by committee ballot(s). The accumulation of these ballots was then
incorporated to prepare the Wide 1/0 standard.

2 General Description

21 Termsand Definitions
Within the Wide 1/0 standard, these terms have particular meanings:
Sack: All memory chipsin the memory system taken together in one assembly.

NOTE ThisWide I/O standard supports memory stacks that include up to 4 memory chips.
Slice: One memory chip in the stack of memory chips.

Rank: That portion of memory from one memory die that islogically connected to a single channel within the
memory stack.

Channel: Both a set of physically discrete connections within the Wide I/O interface and alogically discrete,
independently controlled partition of the Wide /O interface.

NOTE TheWidel/O interface supports 4 physical and 4 logical channels. Each physical channel contains all the control, data
and clock signals necessary to independently control each of the 4 logical channels in the Wide I/O interface. Aside from afew
global configuration options, each logical channel hasits own set of mode registers, can have different DRAM pages open, can be
independently clocked and can even bein different power states. The physical channel also contains power and ground signal's but
all power and ground signals on all physical channels must be at their appropriate levels for any portion of the Wide 1/0 device to
operate correctly. The physical channel also contains areset signal but the Wide 1/O interface defines reset to be per slice rather
than per channel.

22 Micropillar-out

221 Key Features

- 128 Data Bits per channel

- Support for up to 32 Ghit monoalithic density

- micropillars allocated for differential CK/DQS for future DDR extension

- 5 Seria Scan connections/channel + 1 overall serial enable

- Per byte write masks

- 1 “must be routed through substrate” Direct Access micropillar per channel

- 2missing row vertical channel spacing, 6 missing column horizontal channel spacing
- Power micropillar count supports current requirements of low-power memory space
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222 Micropillar Definitions
Table 1 — Micropillar Definitions

Micropillar Type Count Description
vVDD1 6 Core Power
vVDD2 20 Core Power
VDDQ 16 1/0 Power
VSS 24 Core Ground
VSSQ 16 1/0 Ground
DQ 128 Data
DQS 16 Data Strobe DQS t, DQS _c (unused in current definition)
DM 16 Data Mask
ADDR 19 Address (0-16), Bank (0-1)
CMD 4 RAS n, CAS_n, WE_n, RESET
CK 2 CK_t, CK_c (unused in current definition)
CS 4 Chip (Rank) Select
CKE 4 Clock Enable
Memory DA Test Mode Enable (only on channel A, location is DA(0) on other
TEST 1/0
channels)
SER 5 Serial Boundary Scan micropillars (uses CS to select rank)
Vendor Specific micropillar in channel A, n/cin channel B, Scan Enable in channel
KEY 1 o ) L
C, missing micropillar in channel D.
NC 9 no connect
Direct Access (all SoC vendorswill provide direct connection to memory through
DA 1
substrate)
Direct Access (optional, SoC vendors may or may not provide direct connectionsto
DA(0) 8/9
memory through substrate)
Total 300

NOTE 1 All viewsare the bottom views looking down upon the memory micropillars, i.e., with the memory micropillars facing
out of the page. In the anticipated mounting orientation, this will be looking up from the board.

NOTE 2 Thereare10 NC micropillarsin channel B and 9 NC micropillarsin channel A, C and D. The NC micropillar will be
with micro bump and the missing micropillar will be without micropillar and microbump.
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2.2.3 Léeft Side of Array Showing Two of Four Channels
Channel A
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Figure 1 — L eft Side of Array Showing Two of Four Channels
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Figure2 — Channel A Micropillar L ocations
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Center Area of 4-Channel Map

225
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Figure 3— Center Area of 4-Channel Map

Note the channel spacing and the micropillar assignments are reflections of Channel A.

The overal array sizeis (5.25mm + 1 micropillar diameter) x (0.52mm + 1 micropillar diameter).

The pitch (center to center) is 40 micronsin the vertical dimension and 50 micronsin the horizontal dimension.
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2.3

231

I nput/Output Functional Description

Micropillar Definition and Description

Note on nomenclature: unless otherwise designated, each channel isindependent and implements independent sets of
the designated micropillars. The channels are designated “a’ to “d”. Additionally, unless otherwise designated, all
signals are directly connected to all ranks (0 to 3) in the stack.

Table 2 — Micropillar Definition and Description

Name

Type

Description

CK_t[ad]

Input

Clock: CK_tisasingle-ended clock input. All Control, Address and Write Data (DQ) inputs are
sampled on the positive edge of CK_t. The positive clock edge is defined by CK_t crossing 50%
VDDQ.

CKE[0:3][ad]

Input

Clock Enable: CKE HIGH activates and CKE LOW deactivatesinternal clock signals and therefore
device input buffers and output drivers. Power savings modes are entered and exited through CKE
transitions. CKE is considered part of the command code. See Command Truth Table for command
code descriptions. Each of CKE[0:3][ad] address asingle rank (0 to 3) on each of the channels (ato
d).

CS[0:3]_n[ad]

Input

Chip Select: CS_nisconsidered part of the command code. See Command Truth Table for command
code descriptions. Each of CS[0:3]_n[a:d] address asingle rank (0 to 3) on each of the channels (ato
d).

RAS n[ad],
CAS n[ad],
WE_n[ad]

Input

Command Inputs: Uni-directional command inputs.
RAS n, CAS nand WE_n define the command being selected. See Command Truth Table for
command code descriptions.

A[0:16][ad]

Input

Address I nputs: Uni-directional addressinputs. These provide the Row Address inputs for activate
commands, the Column Address and Auto Precharge inputs for Read and Write commands, the Short
Preamble inputs for Read commands, and the opcode for the Mode Register Set commands.

AL0/AP[a:d]

Input

Autoprecharge: A10issampled during Read/Write commands to determine whether Autoprecharge
should be performed to the accessed bank after the Read/Write operation.(High: Autoprecharge, Low:
No Autoprecharge)

A11/SP[ad]

Input

Short Preamble: The controller indicate read with short preamble by driving A11 high when
signalling aread command.

BA[0:1][ad]

Input

Bank I nputs: Uni-directional bank select inputs.
These provide the Bank Select inputs for activate, read, write and precharge commands.

RST[0:3]_n

Input

Reset I nput: Uni-directional reset input. Each reset lineresetsall channelsinasingledice. RST[0]_n
appearson channel aand resetsslice 0 (corresponding to CKEO/CS0_n) RST[1]_n appearson channel
b and resets slice 1, RST[2]_n appears on channel ¢ and resets slice 2, RST[3]_n appears on channel
dand resets dlice 3.

DQ[0:127] [ad]

/10

Data Inputs/Output: Bi-directional data bus

DQS[0:7]_t
[acd]

Output
(possibl
y /Oin
future)

Data Strobe: Datastrobe (DQS _t) isoutput only in the current definition. Memories generate DQS t
such that a positive or a negative edge of DQS _t occurs in the middle of the read data eye with DQ
providing asetup and ahold time to the DQS edge. Each DQS _t strobes two bytes of data. For timing
purposes, the DQS edge is defined by DQS t crossing 50% VDDQ. Note: write datais sampled on
the positive edge of CK _t. In future extensions, DQS _t may be bidirectional.

DM[0:15][ad]

Input

Input Data Mask: DM isthe input mask signal for write data. Input datais masked when DM is
sampled HIGH coincident with that input data during a Write access. DM is sampled on therising
edge of CK_t coincident with the write data. Although DM isfor input only, the DM loading shall
match DQ, DQS t and DQS c.

DMO isthe input data mask signal for the data on DQO-7. DM1 isthe input data mask signal for the
data on DQ8-DQ15, and so on, i.e., DM15 isthe input data mask signal for data on DQ120-DQ127.

TEST

Input

Test: Thisinput makesmemory DA test mode enable. It may be routed through acontroller 1/0 buffer
before driving the memory 1/0 pad. Its function is defined by each individual memory vendor.

SDI[ad],
SCK[ad],
SOE_n[ad],
SSH_n[ad]

Input

Boundary Scan | nputs: These inputs provide the necessary connections for the memory boundary
scan functionality as defined in Section 5.
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Name Type Description
SDO[ad] Output | Boundary Scan Outputs: This output provides the necessary connection for the memory boundary
scan functionality as defined in Section 5.
DA[ad] Input/O | Direct Access Input/Output: Thisl/O isused by memory for direct accesstest functionality. It must
utput be routed directly to an external package /O pad. Its function is defined by each individual memory
vendor.
DA(0)[0:7] [ad] | Input/O | Direct Access|nput/Output: Thisl/Oisused by memory for direct accesstest functionality. It may
DA (0)8[b:d] utput be routed through a controller I/O buffer before driving an external package 1/0 pad. Their functions
are defined by each individual memory vendor.
KEY Thisisamissing micropillar in the array used to indicate array orientation. It appears only in channel
D.
VPIN Input Thismicropillar is used to select vendor specific features. It appears only in channel A.
SSEN Input This micropillar is used to set the entire DRAM to boundary scan mode (high) or normal operation
mode (low). It appears only on channel C.
CK_c[ad] Thisisthe compliment of CK_t. It isnot currently used by the Wide I/O standard. It isincluded only
for future extension.
DQS[0:7]_c These are the compliments of DQS _t. They are not currently used by the Wide 1/O standard. They are
[ad] included only for future extension.
NC No connect pads.
Vbp1 Supply | Core Power Supply 1: Core power supply.
Vbp2 Supply | Core Power Supply 2: Core and input buffer power supply.
Vbbo Supply | I/O Power Supply: Power supply for Data input/output buffers.
Vss Supply | Ground
Vsso Supply | 1/O Ground

24 Addressing

Wide 1/0O has 4 channels and total x512 bit 1/0s. Each channel has 4 Banks and x128 hit 1/Os.

Table 3— Wide I/O Addressing

i Address
DD;/;CS, Density / Channel 0 - Column
1Gb 256Mb BAO- BAl RAO - RA11 CAO0- CAB
2Gb 512Mb BAO- BAl RAO- RA12 CAO- CA6
4Gb 1Gb BAO- BAl RAO- RA13 CAO- CAB
8Gb 2Gb BAO- BAl RAO - RA14 CAO- CA6
16Gb 4Gb BAO-BA1l RAO - RA14 CAO-CA7
32Gb 8Gb TBD TBD TBD
3 Functional Description

31 Wide 1/O Sate Diagram

Wide I/O DRAM device state diagram provides a simplified illustration of allowed state transitions and the related
commands to control them. Unless otherwise specified, the state diagram describes the state and commands for only
one channel inadlice.

For a complete definition of the device behavior, the information provided by the state diagram should be integrated
with the truth tables and timing specification.
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31 Wide I/O Sate Diagram (cont’d)

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the
applied restriction when considering the actual state of the banks.

—) AUtomatic Sequence

——» Command Sequence

Power
Applied

Reset
\Procedure *2

\ Reset *2
From any state *2
Reset Procedure

REFA

Refresh

Ll

Active
Power

PR, PRA
Down

RDA,RSPA I
WRA RDA,RSPA

PR(A) = Precharge (All)
ACT = Activate

WR(A) = Write (with Autoprecharge)
RD(A) = Read (with Autoprecharge)
RSP(A)= Read w/ Short Preamble (with Autoprecharge)
BST = Burst Terminate

Reset = Reset Procedure

MRS = Mode Register Set

SRR = Status Register Read

PD = Enter Power Down

PDX = Exit Power Down

SREF = Enter Self Refresh

SREFX = Exit Self Refresh

DPD = Enter Deep Power Down

REFA = Auto Refresh

Precharge

|
<

NOTE1 For Widel/O DRAM intheldle state, al banks are precharged.
NOTE 2 Reset Function are per slice (not per channel)
NOTE 3 After al channelsin aslice receives the DPD command, the internal power circuit will enter off state IDD8.

Figure4 — Wide |/O DRAM: Simplified Sate Diagram
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3.2 Power up, Initialization and Power Off Sequence

321 Power-up, Initialization, and Power-Off

Wide 1/O DRAM Devices must be powered up and initialized in a predefined manner. Operational procedures other
than those specified may result in undefined operation.

The following sequence shall be used to power up the Wide I/O DRAM device. Unless specified otherwise, these
steps are mandatory.

3.22 Power-up and Initialization Sequence

1. Power Ramp: While applying power, RST_n isrecommended to be maintained below 0.2 x VDD2; al other
inputs shall be between VILmin and VIHmax. The following conditions apply:

- Taisthe point where any power supply first reaches 300 mV.
- Tbisthe point when all supply voltages are within their respective min/max operating conditions.

- After Taisreached, VDD1 must be greater than VDD2 - 200 mV.

- After Taisreached, VDD1 and VDD2 must be greater than VDDQ - 200 mV.

- The voltage difference between VSS and V SSQ micropillars may not exceed 100 mV.

- The above conditions apply between Ta and power-off (controlled or uncontrolled).

- Power ramp duration tiNiTo (Tb - Ta) must be no greater than 20 ms and power ramp slope must be monotonic

during tiNITO.

- TheWidel/O DRAM devicewill guaranteethat outputs arein ahigh impedance statewhile RST_nisheld low.

2. RST_n: RST_n must be maintained for a minimum 200 us with stable power. CKE must be pulled “Low” amini-
mum of 10ns before RST_n is de-asserted.

3. CKE and Clock: After RST_nis de-asserted, CKE must remain deasserted for 500 us. During thistime, the
DRAM will initialize internal state independent of external clocks.

The clock must be started and stable for at least 5 clocks before CKE goes active. Since CKE is a synchronous
signal, the corresponding set up time to clock (tIS) must also be met. Also, a NOP or Deselect command must be

registered (with tIS set up time to clock) the clock before CKE goes active. After CKE isregistered high, tINIT5
must pass before issuing the MRS command to load a mode register.

4. Mode Register: Issue MRS Command(s) to load mode registers with all application settings.

5. Normal Operation: The Wide I/O DRAM deviceis now ready for normal operation.

Table 4 — Timing Parametersfor initialization

Symbol Value Unit Comment
Min Max

tiniTo 20 ms Maximum Power Ramp Time
tNiT1 200 us Minimum RST_n low Time with stable power
tiniT2 10 ns Minimum CKE low Time before RST_n high
tiniTs 500 us Minimum CKE low Time after RST_n high
tiNITa 5 tCK Minimum stable clock before first CKE high
tNiTs 200 us Minimum idle time after first CKE assertion
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3.22  Power-up and Initialization Sequence (cont’d)

Ta Th Tc Td Te Tf g

Power Ramp e Reset Initialization

KL _%MMWNWN%‘ L

tinrro = 20 ms (max)

supplis /IR }) \ W

T = 20Pus (mln) tiniTs = 500us (mn)

rsT_n_ SR

t|N|T2 =10ns (mln

tiscke
o | ISCKE

cre__ [N W

t|N|T5 =200us (m|n)

igg-_- NOP >—“—< MRS >—“—< MRS >—“—< Valid >7

co_ /N )
\

Figure5— Power Ramp and Initialization Sequence

—
—~——
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~—
~——r
~—
~——r
~——
~—

3.2.3 Reset Initialization with Sable Power

The following sequence is required for RESET with no power interruption initialization.

1. Assert RST_n (active low) anytime when reset is needed. All other inputs may be undefined.
RST_n must be maintained for at least 100 ns. CKE must be pulled “LOW” 10ns before RST_n is deasserted.
2. Follow the Power-up and Initialization Sequence steps 3 and 4.

3. The Reset sequenceis now completed; The Wide I/O DRAM deviceisready for normal operation.
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3.2.3 Reset Initialization with Sable Power (cont’d)
Table 5 — Timing Parametersfor Reset Initialization with stable Power

Value )
Symbol - Unit Comment
min max
Minimum RST_n low Time for Reset Initialization with stable
tniTe 100 ns
power
tiNT2 10 ns  |Minimum CKE low Time before RST_n high
tiniT3 500 us |Minimum CKE low Time after RST_n high
tiniTa 5 tCK  [Minimum stable clock before first CKE high
tiNiTs 200 us |Minimum idletime after first CKE assertion
Tb Tc Td Te T Tg
Reset Initialization N
tinia = 5 tey (Min)
V Wi
e AT \LAUAVATAVANAY
Supplies W ) W
thlTl,Af) =[100ns (n; tniTs = 500us (m;n)
RST_n

CKE

CMD
ADD

DQ

tinT2 = 10 ns (m| 1)

tiscke
N Pt

I h |\
[

{

tiniTs = ZOQUS (mln)

-< NOP >—“—< MRS >—“—< MRS >—“—< Valid

L
y M

\ (\ (\ \
)) )) )) ))

Figure 6 — Reset I nitialization with stable Power

3.24  Power-off Sequence
The following sequence shall be used to power off the Wide I/O DRAM device. Unless specified otherwise, these
steps are mandatory.
If system requires DQ remain Hi-Z while removing power, RST_n shall be held at alogic low level (=<0.2x VDD2)
or CKE shall be held in logic low level. All other inputs shall be between VILmin and VIHmax. The Wide 1/O
DRAM device will guarantee that outputs are in a high impedance state while RST_nis held low.

Tx isthe point where any power supply decreases under its minimum value specified in the DC operating condi-

tion table.

Tz isthe point where al power supplies are below 300 mV. After Tz, the device is powered off.

The time between Tx and Tz (tPOFF) shall be lessthan 2s.
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The following conditions apply:

Between Tx and Tz, VDD1 must be greater than VDD2 - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDQ - 200 mV.
The voltage difference between VSS and V SSQ micropillars may not exceed 100 mV.

Table 6 — Power-off Sequence

Value :
Symbol _ Unit Comment
min max
tPoFE - 2 s Maximum Power-Off ramp time
X Tz
Normal Operation tPOFF=2S (max)
Supplies
RST_n
CMD.ADD Valid Level (VIH or VIL
CK_t, CKE alid Level ( or VIL)
DQ VIH or VIL or HiZ Hi-Z
X Tz
Normal Operation tPOFF=2S (max)
Supplies
CKE
CK_t' Valid Level (VIH or VIL
CMD,ADD alid Level ( or VIL)
DQ VIH or VIL or HizZ

Figure 7 — Power-Off Sequence
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3.25 Uncontrolled Power-Off Sequence

The following sequence shall be used to power off the Wide I/O device under uncontrolled condition. Unless speci-
fied otherwise, these steps are mandatory.

Tx isthe point where any power supply decreases under its minimum value specified in the DC operating condi-
tion table. After turning off all power supplies, any power supply current capacity must be zero, except for any
static charge remaining in the system.

Tz isthe point where all power supplies first reaches 300 mV. After Tz, the device is powered off.

The time between Tx and Tz (tPOFF) shall be less than 2s. The relative level between supply voltages are uncon-
trolled during this period.

VDD1 and VDD2 shall decrease with a slope lower than 0.5 V/usec between Tx and Tz.

The uncontrolled power off sequence can be applied only up to 400 timesin the life of the device

3.3 Mode Register Definition

331 Register Definition

For application flexibility, various functions, features, and modes are programmable in Wide I/0 DRAM Mode
Registers. Values are programmed into Mode Registers viaa Mode Register Set (MRS) command. The default values
of the Mode Registers (MR#) are not defined so they must be programmed during the reset and initialization
sequence. The Mode Registers are defined for one channel.

The contents of the Mode Registers can be altered by re-executing the MRS command during normal operation.
When programming the mode registers, even if the user chooses to modify only a sub-set of the MRS fields, all
address fields within the accessed mode register will be redefined when the MRS command is issued.

MRS commands do not affect array contents regardless of when these commands are executed.

After the mode register set command, tMRD is required to complete the write operation to the mode register and is
the minimum time required between two MRS commands.

The mode registers are divided into various fields depending on the functionality and/or modes.
able 7— Mode Register Definition

Al16|BA1(BAO A15|A14|A13|A12|A11 A10| A9 | A8 | A7 | A6 ‘ A5 ‘ A4 | A3 | A2 | Al | A0
MRO|l O | O | O 0 Write Latency | TM | Read Latency | O Burst Length
MR 0 | 0 | 1 Currently only one register is defined at A[15:0] = 0, DQO-20 is used for SRR.

MR2l 0 | 1| 0 0 awWR |Tm | Drive 0 Thermal
Strength Offset

MR3| 0O 1 1 PASR

MR4 1 | 0| O Reserved for future use

MR5 1 | 0| 1 0 DQ/DQS Tuning

MR 1 | 1| O Reserved for future use

MR7| 1 1 1 PASR
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3.32 ModeRegister MRO

Mode register MRO stores the data for controlling various operating modes of Wide 1/0 DRAM. It controls Burst
Length, Read latency, and Write Latency.

Al6 BA1 BAO Al5- A1l A10 | A9 | A8 A7 A6 | A5 | Ad | A3 | A2 | Al | A0

0 0 0 0 Write Latency ™ Read Latency 0 Burst Length
A7 Mode A2 | A1 | AO Burst length
Normal 0 0 0 Reserved
1 Test 0 0 1 2
0 1 0 4
Others Reserved
A10 | A9 | A8 Write L atency A6 | A5 | A4 Read L atency
0 0 1 WwL=1 0 0 0 Reserved
0 1 0 WL=2(Option) 0 0 1 Reserved
Others Reserved 0 1 0 RL=2
0 1 1 RL=3
1 0 0 RL=4(Option)
Others Reserved

Figure8 — Mode register MRO definition
3.3.21 Burst Length

Read and write accesses to the Wide 1/O DRAM are burst oriented, with the burst length being set asin Figure8 with
the burst order asin Table 8.

The burst length determines the maximum number of column locations that can be accessed for agiven READ or

WRITE command. Burst lengths of 2 or 4 locations are available for the sequential burst types.
Table 8 — Burst Length

. Order of accesseswithin a burst
Sarting Column address ) )
Burst Length (Hexadecimal notation)

Al A0 Sequential

0-1

1-0

0-1-2-3

1-2-3-0

2-3-0-1

| | O] O
| Ol k| O] k| O

3-0-1-2

NOTE 1 For aburst length of two, A1-An selects the two data element block; A0 selects the first access within the
block.

NOTE 2 For aburst length of four, A2-An selects the four data element block; A0-A1 selects the first access within
the block.

NOTE 3 Whenever aboundary of the block is reached within a given sequence, the following access wraps within the
block. When a READ or WRITE command isissued, a block of columns equal to the burst length is effectively
selected. All accesses for that burst take place within the block, meaning that the burst will wrap within the block if a
boundary is reached.

The block isuniquely selected by A1-Anwhen the burst length is set to two, by A2-An when the burst length is set to
four

NOTE 4 (where An is the most significant column address bit for a given configuration). The remaining (least
significant) address bit(s) is (are) used to select the starting location within the block. The programmed burst length
applies to both read and write bursts.
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3.3.2.2 Read Latency

The READ latency is defined from the rising edge of the clock on which the Read Command is issued to therising
edge of the clock from which the tAC delay for the first piece of output data is measured.

If aREAD command isregistered at aclock edge n and the latency is 3 clocks, the first data element will be valid at
n + 3tck + tac. If aREAD command is registered at a clock edge n and the latency is 2 clocks, the first data element

will bevalid at n+ 2tck + tAC.

3.3.23 WritelLatency

The Write Latency (WL) is defined from the rising edge of the clock on which the Write Command is issued to the
rising edge of the clock where the first piece of input data is written.

If aWRITE command is registered at a clock edge n and the latency is 1 clock, the first data element will appear on
the databusat n + tck.

3.3.3 ModeRegister MR1

The mode register MR1 isfor SRR uses.

DQ127-DQ21 | DQ20 | DQ19 | DQ18 | DQ17 | DQ16 | DQ15|DQ14|DQ13| DQ12 %%]1%' DQ9 | DQ8 |DQ7-DQ4| DQ3 | DQ2 | DQ1 | DQO
Reserved Temp. sensor location Delay Step Die Density DT Reserved | Refresh Interval | Reserved Manufacturer 1D

DQ15 | DQ14 | DQ13 | DieDensity DQ12 | DeviceType DQ3 | DQ2 | DQL | DQO Ma””flag”rer s
0 0 0 1Gb 0 Wide I/O SDR 0 0 0 0 Rsrv.
0 0 1 2Gb 1 Rsrv. 0 0 0 1 Samsung
0 1 0 4Gb 0 0 1 0 Rsrv.

Refresh ;
0 1 1 8Gb DQ9 DQ8 Interval 0 0 1 1 Elpida
1 0 0 16Gb 0 0 tREFI 0 1 0 0 Etron
1 0 1 32Gb 0 1 0.50 x tREFI 0 1 0 1 Nanya
1 1 0 Rsrv. 1 0 0.25 x tREFI 0 1 1 0 Hynix
High Temp.
1 1 1 Rsrv. 1 1 limit exceeded 0 1 1 1 Rsrv.
1 0 0 0 Winbond
1 0 0 1 ESMT
Temp. Sensor

DQ20 | DQ19 | DQ18 L oeitien 1 0 1 0 Rsrv.
0 0 0 DQ17 | DQ16 | Delay Step 1 0 1 1 RsIV.
0 0 1 0 0 No step 1 1 0 0 Rsrv.
0 1 0 Makes it 0 1 8 step 1 1 0 1 Rsrv.
0 1 1 reserved for 1 0 16 step 1 1 1 0 Rsrv.

Temp sensor

1 0 0 location within 1 1 32 step 1 1 1 1 Micron
1 0 1 adlice
1 1 0
1 1 1

Figure 9 — Moderegister MR1 definition
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3331 SatusRegister Read

SRR provides a method to read registers from the Wide 1/0 DRAM. The encoding for an SRR command is the same
asaMRSwith (A16, BA[1:0]) = “001", MR1,status register. The address micropillars (A[15:0]) encode which
register isto
be read. Currently only one register is defined at A[15:0] = 0. Refer to Table 1 for the definition of thisregister. The
seguence to perform an SRR command is as follows:

all reads/writes must be completed

all banks must be closed

issue MRS with (A16, BA[1:0]) = 001 (SRR)

wait tSRR

issue read to any bank with A[15:0] =0

Read latency cycleslater the Wide I/O DRAM returns the status register data as it would a normal read

tSRC after the Read command, the Wide 1/0 DRAM will return to Idle (all banks precharged) state.
Refer to Figure 10 for Status register read sequence.

The burst length for the SRR read is aways fixed to length 2.
The 1st bit of data and the 2nd bit of data on each DQ are the same. (DQn=DQn+1)

tSRC J
| | | |
I N Y A [
CMD 'éRE_AL>.< MRS >.<READ>.< NOP
I [
| |
BA, ADD '<A10=H>.<>p-¢od

| tRP

DQS Qs - o |
_ | _

* | - ) oo )

Figure 10 — Status Register Read Timing Diagram
NOTE1 SRR can only beissued after power-up and initialization sequence is complete;
NOTE2 SRR can only beissued with al banks precharged;
NOTE3 SRR RL is unchanged from value in the mode register;
NOTE4 SRR BL isfixed at 2. DQn and DQn+1 values are the same.
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3.34 ModeRegister MR2

Mode register MR2 storesthe datafor controlling various operating modes of Wide I/O DRAM. It controls
Thermal Offset, Drive Strength, TM and nWR.

A16 BA1 BAO A15-A10 A9 | A8 A7 A6 | A5 A4-Al A0
0 1 0 0 nWR ™ Drive Strength 0 Thermal Offset
A7 Mode A0 Thermal Offset
0 Normal 0 <5
1 Test 1 5-15
A9 | A8 nWR A6 | A5 Drive strength
0 0 Reserved (2) 0 0 Full
0 1 nWR=3 0 1 Weak
1 0 Reserved (4) 1 0 Reserved
1 1 Reserved 1 1 Reserved

Figure 11 — Mode Register MR2 definition
3.34.1 Thermal Offset

Because of their tight thermal coupling with Wide 1/0 DRAMS, hot spots on Wide /O controllers can induce thermal
gradients into the DRAMSs. As these hot spots may not be located near the DRAM thermal sensor, the DRAM’s tem-
perature compensated self-refresh circuit may not generate enough refresh cycles to guarantee memory retention. To
address this shortcoming, the controller can provide athermal offset that the memory uses to adjust its TCSR circuit
to ensure reliable operation.

This offset is provided through Mode Register 2 (A16=0, BA1=1, BA0=0) in channel A and it will not be affected
through MR2(A0) in channel B, C or D.This temperature offset will modify refresh behavior for al channelsin the
dice. If theinduced thermal gradient from temperature sensor location for DRAM to hot spot location of controller is
larger than 15 degrees C, then self-refresh mode will not reliably maintain memory contents. Bit 1 (A1) in MR2 is
reserved for future thermal offset use.

During normal operation, the controller will update this register whenever it detects changes in the induced thermal
gradient. Since updating this register may modify the self-refresh behavior for all channels, al channels must not be
in self-refresh mode when this register is written in channel A.

If changes to the thermal offset indicate that the self refresh frequency increases (that is, the time between refreshes
decreases), the memory must reflect these changes immediately. If changes to the thermal offset indicate that the self
refresh frequency decreases (that is, the time between refreshes increases), the controller cannot put the memory into
self refresh until the controller has refreshed all memory on the device.

To accurately determine the temperature gradient between the memory thermal sensor and the induced hot spot, the
memory thermal sensor must be located in a predictable location. To provide maximum flexibility, several locations
on the memory die are supported. The supported locations are TBD. The specific location used by an individual
memory dieisindicated by 3 bitsin the memory status register. All memory dicein astack must use the same thermal
X-Y location.

To ensure that the memory thermal sensor islocated above an X-Y location on the controller, the memory thermal
sensor must be located within arectangle centered on the memory-controller physical interface. Additionally, the
minimum size of acontroller that wants to use this feature is within that rectangle as otherwise the memory’s thermal
sensor could be located outside the controller die's perimeter.

3.34.2 Drive Srength

Drive strength can be set to full or weak strength via address bits A5 and A6.
Full strength supports 3pF channel 1oad and weak strength supports 2pF channel load to achieve minimum slew rates
of 1V/ns.
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3343

nWR

Thisisused to program internal auto precharge start timing for Write with auto precharge command.
NWR > RU(tWR/tCK)

335

Mode Register M

R3

The mode register MR3 is used for partial array self refresh.
Table 9 — Mode Register MR3 definition

A15-A0

A16

BA1

BAO

0

1

1

PASR

Table 10 — Bank/Segment mask definition for PASR

Monolithic die density 1Gb 2Gb 4Gb 8Gb 16Gb
32Gb
MR# |MR bit PASR Mask Area | BA1:0 | BAL:0 | BALO RA13 BA1:0 |RA14:13| BA1:0 |RA14:12
AOQ BankO 00B 00B 00B 0B 00B 00B 00B 000B
Al Bank1 01B 01B 01B 0B 01B 00B 01B 000B
SegmentO
A2 Bank2 10B 10B 10B 0B 10B 00B 10B 000B
A3 Bank3 11B 11B 11B 0B 11B 00B 11B 000B
A4 Bank0 00B 1B 00B 01B 00B 001B
A5 Bank1 01B 1B 01B 01B 01B 001B
Segment1
AB Bank2 10B 1B 10B 01B 10B 001B
A7 Bank3 - - 11B 1B 11B 01B 11B 001B
MR3 TBD
A8 BankO - - - - 00B 10B 00B 010B
A9 Bank1 - - - - 01B 10B 01B 010B
Segment2
A10 Bank2 10B 10B 10B 010B
All Bank3 11B 10B 11B 010B
A12 BankO 00B 11B 00B 011B
A13 Bank1 01B 11B 01B 011B
Segment3
Ald Bank2 10B 11B 10B 011B
Al5 Bank3 11B 11B 11B 011B

3351 Partial Array Self Refresh (PASR)

With Partial Array Self Refresh (PASR), the self refresh may be restricted to a variable portion of the total array. The
PASR detail scheme will be defined. Data outside the defined areawill be lost. Address bits AO to A15 are used to set
PASR. When the hit is programmed O, refresh operation to the corresponding area will not be blocked (not masked)

and will be refreshed.
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3.3.6 ModeRegister MR5

3.3.6.1 Rank-to-Rank DQ/DQS Tuning

Wide 1/0 DRAMs must provide rank-to-rank timing accuracy to within 500ps between ranks across PV T. To enable
this, Wide I/O DRAMs insert variable delays into their DQ and DQS generation circuits. In addition, Wide 1/O con-

trollers have phase discrimination circuits that can determine, within 100ps, the relative arrival times of two pulseson
different DQ lines.

DRAM delay step sizeis not specified. The DRAM design should set the maximum step size to ensure that once
alignment has been achieved, the ranks will stay aligned within 500ps across all subsequent operating conditions, i.e.,
as voltage and temperature within the DRAM stack changes. To achieve this, the DRAM may specify conditions that
will require subsequent retuning. The DRAM design should set the minimum step size and step count to ensure that
enough delay can be inserted into the fastest devices to align their DQ and DQS timing with the slowest devices.

Different delays can be inserted into the DQ generation circuits and the DQS generation circuits as DQ delays are
from the rising edge of CK while DQS delays are from the falling edge of CK. This can be used to account for differ-
ent sampling points for the rising and falling edges for CK in the memory devices to ensure DQS edges are more
closely centered within the data eye.

Within arank, the inserted DQ delay isthe same for al DQ outputs. Within arank, the inserted DQS delay isthe
same for all DQS outputs. Within aslice, each channel has independent delay elements and controls.

During initiaization, the Wide I/O controller tells each rank in the memory system to place continuous CK/2 pulses
on different DQ and DQS signals. The controller then tells each memory rank to insert delays into the DQ/DQS cir-
cuitsuntil all channels' pulses align within the accuracy of the controller’s phase discriminator.

DRAM vendors have the option of performing thistuning at the time of memory manufacture. If thisis done, then
tuning is not required at system initialization and the memory need not provide dynamic tuning functionality.

This functionality isrequired for all 2-, 3- and 4-dlice configurations but is optional in 1-slice configurations.

Because this functionality adds delay to memory response, the tAC and tDQSCK parameters are specified with zero
delay added.

The number of delay steps supported by the memory isin DQ17:16 of the status register:
Table 11 — Delay Steps

DQ17 DQ16
0 0 no steps (factory tuning)
0 1 8 steps
1 0 16 steps
1 1 32 steps

Control of tuning isthrough Mode Register 5 (A16=1, BA1=0, BAO=1). Delay insertion for the DQ delay from the
positive going edge of CK is shown in the following table:
Table 12— DQ delay Insertion

A16 BA1l BAO Al A0

Do not change delay

Increase +CK to DQ delay 1 element
Decrease +CK to DQ delay 1 element
Remove all +CK to DQ delay

R R R e
o| ol o| o
R R R e
| Rl ol o
| ol k|l o
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Delay insertion for the DQS delay from the negative going edge of CK is shown in the following table:
Table 13 — DQSdelay Insertion

A16 BA1 BAO A3 A2

Do not change delay

Increase -CK to DQS delay 1 element
Decrease -CK to DQS delay 1 element
Remove al -CK to DQS delay

N
ol ol o] o
N
= R ol o
NE=-1 =)

In both cases, the delay will be reflected in DRAM timing no more than 10 DRAM clock cycles from the MRS com-
mand.

Control of tuning timing pulses is through Mode Register 5 (A16=1, BA1=0, BA0=1). CK/2 means the clock fre-
guency isdivided by 2 (the period is doubled).+CK/2 is a divide by 2 where the output edge transition is triggered by
arising edge of CK. -CK/2 isadivide by 2 where the output edge transition is triggered by afalling edge of CK. To
ensure that the training pulses are in phase, the mode register 5 writes must be sent on even clock boundaries, that is,
if the MR5 writeto rank O is sent on clock O, the MR5 writesto rank 1, 2 and 3 must be sent on clocks 2, 4, 6 or so on.

During training mode, DQ/DQS not specified must be floated so as to not create contention within the memory stack.

Table 14 — Control of Tuning Timing Pulses

Al6 BA1 BAO A7 A6 A5 A4
1 0 1 0 0 0 1 place +CK/2 on DQ8, -CK/2 on DQS0
1 0 1 0 0 1 0 place +CK/2 on DQ24, -CK/2 on DQS1
1 0 1 0 1 0 0 place +CK/2 on DQ40, -CK/2 on DQS2
1 0 1 1 0 0 0 place +CK/2 on DQ56, -CK/2 on DQS3
1 0 1 0 0 0 0 normal DQ/DQS functionality

3.3.6.2 Sample Timing Tuning Sequence

The sequence to align timing between ranks must be followed for each channel. At ahigh level the sequenceisasfol-
lows:

Check to see whether all devicesin the rank need DQ/DQS tuning by examining the appropriate bits in the status
register. Continue only if DQ/DQS tuning is necessary.

Reset the delay to zero for each device in the channel.

Tell each rank to place the DQ and DQS training pulses on different DQ and DQS micropillars, e.g., tell rank 0 to
put the pulses on DQ8/DQSO, tell rank 1 to put pulses on DQ24/DQS1, etc.

Determine which rank’s DQ pulses are latest using the controller’s phase discriminator.

Have the controller generate an internal reference DQS (-CK/2) clock from the latest rank’s DQ pulses. This
reference clock operates at DQ frequency but with edges centered at the center of the DQ high and low times, e.g.,
90 degrees out of phase with the DQ pulses.

Add delay to the Slowest DQ rank and reset the reference DQS clock until all memories' DQS pulses are ahead of or
equal to the reference DQS clock.

Add delaysto al other DQ clocks until all are aligned with the slowest DQ.
Add delaysto al other DQS clocks until all are aligned with the reference DQS.
Restore norma DQ/DQS functionality and stop the reference DQS generator.
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3.3.6.3 Sample Tuning Sequence Flow Chart
Below isaflowchart for a sample timing tuning flowchart.

Read status
register to
determine whether
tuning needed

Tuning
needed?

YES
v

Remove all DQ/DQS delays by writing MR5:
+ set CS_n<0:3> = 0000,
+ set A16=1, BA<1:0> =01,
+ A<7:0>=0000 1111
+ issue MRW command

!

Tell each rank to generate in phase training pulses on different DQ /DQS by
writing MRS5 for each rank one-by-one on even clocks:
+ set A16=1, BA<1:0>=01
+ set A<7:0>;CS_n<0:3>=0001 0000;1110, issue MRW (rank 0)
+ set A<7:0>;CS_n<0:3>=0010 0000;1101, issue MRW (rank 1)
+ set A<7:0>;CS_n<0:3>=0100 0000;1011, issue MRW (rank 2)
+ set A<7:0>;CS_n<0:3>=1000 0000;0111, issue MRW (rank 3)

v

Determine which
rank's DQ pulses
are latest

A

Insert delay into latest DQ rank
+ set A16=1, BA<1:0>=01
< + set A<7:0>=0000 0001
+ enable CS_n of latest DQ rank
+ issue MRW command
A

Generate a
reference DQS
pulse from the

latest DQ pulses

re all DQS pulse!
earlier than the
reference DQS?

Z
D

z

‘ \
Insert or decrease DQ delay into all ranks whose DQ pulses are
not aligned with the latest rank
+ set A16=1, BA<1:0>=01
+ set A<7:0>=0000 0001 (increase) or 0000 0010 (decrease)
+ enable CS_n of unaligned DQ rank
+ issue MRW command

Phase 1

Are all DQ
pulses aligned?

NO—»

Phase 2 ~—————) YES ]
Insert or decrease DQS delay into all ranks whose DQS pulses are
not aligned with the reference DQS
+ set A16=1, BA<1:0>=01
+ set A<7:0>=0000 0100 (increase) or 0000 1000 (decrease)
+ enable CS_n of unaligned DQ rank
+ issue MRW command

Are all DQS pulses
aligned with the
eference DQS?2

NO»|

Phase 3 — VYES
A 4

Stop generating training DQ/DQS pulses by writing MR5:
+set CS_n<0:3> = 0000,

+ set A16=1, BA<1:0> =01, END

+ A<7:0> = 0000 0000

+ issue MRW command

Figure 12 — Sample tuning sequence flowchart
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Below are a set of idealized waveforms for the different phases of DQ/DQS tuning. The initial phase shows the start-
ing state when none of the waveforms are aligned:

DQSL

o
-
- -
S -
-
-
-

= -

Figure 13— “Phase 0" of DQ/DQS Tuning
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This second diagram shows “phase 1” in the flowchart. Thisis after the latest DQ is determined, areference DQSis
generated (internal to the controller) and after that reference DQS is determined to be later than all DQS generated by
the 4 DRAM ranks:

DQB

DQE6 (latest rank)

Ref. DQS

- -
. -
-

Figure 14 — “Phase 1" of DQ/DQS Tuning
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The third diagram shows “phase 2" in the flowchart, after all the earlier DQ are aligned with the latest arriving DQ:

D8

DQ56 (latest rank)

Ref. DQS ~

- -
= -
-

Figure 15— “Phase 2’ of DQ/DQS Tuning
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Thefinal diagram shows “phase 3" from the flowchart, after all the DQS from the memory devices are aligned to the
controller’sinternal reference DQS.

DQ8

DQ56 (latest rank)

DQS1

Figure 16 — “Phase 3" of DQ/DQS Tuning
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3.3.7 ModeRegister M

R7

The mode register MR7 is used for partial array self refresh.
Table 15 — Mode Register MR7 definition

A16

BA1

BAO

A15-A0

1

1

1

PASR

Table 16 — Bank/Segment mask definition for PASR

Monolithic die density 1Gb 2Gb 4Gb 8Gb 16Gb
32Gb
MR# | MR bit | PASR Mask Area | BAL1:0 | BALO | BALO RA13 BA1:0 |RA14:13| BA1l:0 |RA14:12

AO Bank0 00B 100B

Al Bank1 01B 100B
Segment4

A2 Bank2 10B 100B

A3 Bank3 11B 100B

Ad Bank0 00B 101B

A5 Bank1 01B 101B
Segment5

A6 Bank2 10B 101B

A7 Bank3 - - - - - - 11B 101B

MR7 TBD

A8 Bank0 - - - - - - 00B 110B

A9 Bank1 - - - - - - 01B 110B
Segment6

A10 Bank2 10B 110B

All Bank3 11B 110B

A12 Bank0 00B 111B

A13 Bank1 01B 111B
Segment7

Al4 Bank2 10B 111B

A15 Bank3 11B 111B

3.3.7.1 Partial Array Self Refresh (PASR)

With Partial Array Self Refresh (PASR), the self refresh may be restricted to avariable portion of the total
array. The PASR detail scheme will be defined. Data outside the defined areawill be lost. Address bits AO
to A15 are used to set PASR. When the bit is programmed O, refresh operation to the corresponding area

will not be blocked (not masked) and will be refreshed.
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4 Command Definitions and Timing Diagrams

41 Active

The SDRAM Activate command isissued by holding CS n LOW, RAS nLOW, and CAS nHIGH, WE_n HIGH at
the rising edge of the clock. The bank addresses BAO - BA 1 are used to select the desired bank. The row addressis
used to determine which row to activate in the selected bank. The Activate command must be applied before any
Read or Write operation can be executed. The Wide 1/0 DRAM can accept aread or write command at time tRCD
after the activate command is sent. Once a bank has been activated it must be precharged before another Activate
command can be applied to the same bank. The bank active and precharge times are defined astRAS and tRP,
respectively. The minimum time interval between successive Activate commands to the same bank is determined by
the RAS cycle time of the device (tRC). The minimum time interval between Activate commands to different banks
istRRD. No more than 2 banks may be activated in arolling tTAW window.

RA/ RA/ RA/ RA

. tRRD
tRAS tRP
< > >
TAW
< »
tRC
< »

. = Don,Adt Ca

Figure 17 — Active Command

No more than 2 banks may be activated in arolling tTAW window. Converting to clocks is done by dividing
tTAW[ns] by tCK[ns], and rounding up to next integer value. As an example of the rolling window, if RU{ (tTAW /
tCK) } is 10 clocks, and an activate command isissued in clock n, only one activate commands may be issued at or
between clock n+1 and n+9.

tTAW is per channel on asingle slice restriction.
Tn+1 Tn+2 Tn+9 Tn+10

muumﬂ

N . = Don,Adt Ca
|

Example for 200MHz: Two Activate commands allowed between Tn and Tn+9.

Figure 18 — Sequential Bank Activation Restriction
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4.1 Active (cont’d)
Table 17 — Two bank Activate Window Timing

Parameter Symbol Min Max Unit

Two Bank Activate window tTAW 50 - ns

4.2 Read Operation

421 Read

The READ command is used to initiate a burst read access to an active row with a burst length as set in the Mode
Register. BAO and BA 1 select the bank and the address inputs select the starting column location. The value of A10
determines whether or not Auto Precharge is used. If Auto Precharge is selected, the row being accessed will be
precharged at the end of the read burst; if Auto Precharge is not selected, the row will remain open for subsequent
accesses.

The basic Read timing parameters for DQs are shown in Figure 19 —.

The controller indicates read with full preamble by driving A11 low when signalling aread command. The controller
indicate read with short preamble by driving A11 high when signalling a read command.

During Read bursts, DQS is driven by the Wide I/O DRAM along with the output data. Theinitial Low state of the
DQS is known as the read preamble; the Low state coincident with last data-out element is known as the read
postamble. The first data-out element is center aligned with the first rising edge of DQS and the successive data-out

elements are center aligned to successive edges of DQS. Thisis shown in Figure 2 with a READ latency of 3.
Upon completion of aread burst, assuming no other READ command has been initiated, the DQs will go to High-Z.

tCK tCK tCH tCL  tHZ(DQS)
»< < »< »
o [T e
Lz@Qs) tDQSCK
<
»|
tRPRE
DOS N
tDQSCKmax
| 1LZOR) | | Qs |1oH N
DQ iz00 DOn H
1LZ(DQS) tHE(D(gS)
> tHZ(DO
tRPST
DQS
tDQSCKmin OH
DQ DO n+1
. = Don,Adt Ca

BL=2 accesses are shown.
DO n = Data out from column n

Figure 19 — Basic Read Timing Parameters
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(SRR WA WA

421 Read (cont’'d)

S RWRWAW

CMD <READ>.<NOP>.<NOP>.<NOP

ADD
tDQSCK
oes _\__
tHZ(DQ)
- I (= (o = o
RL=3, BL=4 accesses are shown = Ad
Shown with nominal tDQSCK. . Don,Act Ca

DO n = Data out from column n, BA=Bank A

Figure 20 — Read Bur st Showing Read L atency

4.2.2 Read to Read (samerank)

Data from aread burst may be concatenated or truncated by a subsequent READ command only when no auto
precharge command has been issued. Thefirst data from the new burst follows either the last element of a completed
burst or the last desired element of alonger burst that is being truncated. The new READ command should be issued
X cycles after the first READ command, where X equals the number of desired data-out elements. X islimited to 2n,
where nisan integer.

oo AN

DQS

y 2 A ooaoa@a@

RL=3, BL=4 accesses are shown - Ad
Shown with nominal tDQSCK. . Don,Adt Ca
DO n (or b) = Data out from Col n (or b), BA = Bank A

Figure 21 — Read to Read command interval (same rank)
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4.3 DQSTiming

DQS will have the following timing values as related to CK timing parameters.

tCK

tCL

A

e,

o

tR

AN

Figure 22 — Clock Timing Definition

80%

20%

tDQSCK tDQSCK
f [ tDQSCKS
tAC tDQSCKS
CA { _\
tDQSCK tQS
DS -~—— - - - - - -——- - - - --
\4 tQH tQs|\ | _ _ _ _ _ _ __ _._
tRPRE tRPST

Figure 23 — DQS réelated timing Definition

tCL  tCH

{CKHDQS

“ U Y

{CKHDQS

DQSO - ----

preamble

tDQSCK _” tbQSCK

tDQSCK\— tDQSH

tRPRE

tDQSDQS

DQS1

/| tDQsHC
DQS Composite

Short preamble

RSPRE

tDQSLC

AR wRY

Figure 24 — DQS Composite timing Definition
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4.3 DQS Timing (cont’d)

| tCH | tCL

tDS | tDH

DQ (from CTRL)

Figure 25 — Write timing Definition

4.4 Read With Short Preamble

To support zero-bubble rank-to-rank, back-to-back read cycles, Wide /O DRAMSs support read with both full and
short preambles. During aread with full preamble (that is, a normal read), the Wide I/O DRAM will drive DQS low
at the beginning of the clock immediately proceeding its first datatransfer if it was not already driving DQS for a
previous read. During aread with short preamble, the Wide 1/0 DRAM will also begin driving DQS low in the clock
before the first data transfer but only after atime such that it will not fight with another DRAM driving DQS high.

Read with short preamble must be used when the controller is requesting aread from a second DRAM rank where
there is no bubble between a previous read from afirst DRAM rank. If the second DRAM rank wereto drive afull
preamble, its preamble might contend with the DQS from the last data transfer of the first DRAM rank.

In the case of back-to-back reads within the same rank, the second read within the same rank can be signalled by
either anormal read command or by aread with short preamble command.

The controller indicates aread with normal preamble by driving A11 low when signalling aread command. The
controller indicates a read with short preamble by driving A11 high when signalling aread command. Thisissimilar
to how it indicates aread with or without precharge.

Read with short preamble can indicate autoprecharge.

Read with short preamble without autoprecharge will be indicated by the acronym: RSP. Read with short preamble
with autoprecharge will be indicated by the acronym: RSPA.

4.5 DQ/DQS Contention During Zero-Bubble Back-to-Back Reads from Different Ranks

451 Rank-to-Rank Switching

Multirank Wide I/0O DRAM devices will support zero-bubble rank-to-rank read switching with no DQ or DQS
contention even if the AC timing parameters would seem to indicate otherwise. When requesting a read from one
rank where another rank was driving DQS/DQ in the clock immediately before the first clock of the requested read,
the controller must signal a read-with-short-preamble command to the second rank to tell the second rank that it
should drive a short preamble on DQS so as to not contend with the final DQS transition from the first rank. The
multiple chips comprising the multiple DRAM ranks will ensure that DQS will not glitch or float during zero-bubble
rank-to-rank reads.
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4.6 Write Operation

46.1 Write

The WRITE command is used to initiate a burst write access to an active row with aburst length as set in the Mode
Register. BAO and BA1 select the bank and the address inputs select the starting column location.

The value of A10 determines whether or not Auto Precharge is used. If Auto Precharge is selected, the row being
accessed will be precharged at the end of the write burst; if Auto Precharge is not selected, the row will remain open
for subsequent accesses.

Input data appearing on the data bus is written to the memory array subject to the DM input logic level appearing
coincident with the data. If agiven DM signal is registered L ow, the corresponding data will be written to the
memory; if the DM signal is registered High, the corresponding data inputs will be ignored and a write will not be
executed to that byte / column location.

| | |
. = Don,Adt Ca

WL=1, BL=2 accesses are shown.
BA, Col n=Bank A, Coln

Figure 26 — Burst Write access
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46.2 WritetoWrite

Datafor any WRITE burst may be concatenated with or truncated with a subsequent WRITE command when no auto
precharge command has been issued. In either case, a continuous flow of input data can be maintained. The new
WRITE command can be issued on any positive edge of the clock following the previous WRITE command.
Thefirst data-in element from the new burst is applied after either the last el ement of a completed burst or the last

desired data element of alonger burst which is being truncated. The new WRITE command should be issued X cycles
after the first WRITE command, where X equals the number of desired data-in element.

WL=1
| | | | |
| | | | | | |
~EEA A A A A A A
| | | | | |
i i i T i i
| | | | | |

WL=1, BL=4 accesses are shown. - = Don,Adt Ca

BA, Col n (or b) = Bank A, Col n(or b)
Figure 27 — Writeto Write command interval (samerank)

47 Read to Write

471 ReadtoWrite

Data from READ burst must be completed or truncated before a subsequent WRITE command can be issued.
The earliest timing when the WRITE command can be issued is the first rising clock edge after DQ becomes HiZ.

AEpEpERWRWE

RL=3 R
i« " tDQSCK
DQS
Z(DQ) tHZ(DQ)

oo P oo K oo (o YO)Ere)
g

RL=3, BL=2 accesses are shown - PO
Shown with nominal tDQSCK. . Don.Aot Ca
DO n = Data out from Col n, DI b = Data in to Col b

Figure 28 — Read to Write command interval
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472 WritetoRead

Data for any Write burst may be followed by a subsequent READ command. To follow a Write, twTr should be met
as shown in Figure 29.

Data for any Write cannot be truncated by a Read command even if data-in element is masked with DM. This means
tWTR is aways referenced from the rising clock edge coincident with the last data-in element.

ﬂﬁﬂpwuum
oo Grrs o K mor e nor Y wor Mm@ o X o B o

DM

tWTR is referenced from the positive clock edge coincident with . = Don Adt Ca
the last data in element. !

RL=3, WL=1, BL=2 accesses are shown
Shown with nominal tDQSCK.
DI n = Data in to Col n, DO b = Data out from Col b

Figure 29 — Writeto Read Command Interval
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4.8 Burst Terminate

481 Read Burst Terminate

Data from any READ burst may be truncated with a BURST TERMINATE command. The BURST TERMINATE
latency is equal to the Read latency, i.e., the BURST TERMINATE command should be issued X cycles after the
READ command where X equalsthe desired data-out element. X islimited to 2n, where nis an integer.

CK-‘J_\_/—\_/

CMD <READ>.<NOP>.< BST>.<NOP

ADD

DQS
tLZ(DQ)

>
- d( Ded |

RL=3, BL=4 accesses are shown . = Don.Adt Ca
Shown with nominal tDQSCK. ’
DO n = Data out from column n, BA, Col n = Bank A, Col n

Figure 30 — Read Burst Terminate
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482 WriteBurst Terminate

Data from any WRITE burst may be truncated with a BURST TERMINATE command. The BURST TERMINATE
latency is equa to the Write latency, i.e., the BURST TERMINATE command should be issued X cycles after the
WRITE command where X eguals the desired data-out element.

O W U WA A W A W A

BA

>

]

o
(@)
=3
>

n

v]
QO
| |

WL=1, BL=4 accesses are shown. = AD
BA, Coln =Bank A, Col n . DonAdt Ca

Figure 31 — Write Burst Terminate

49 Write Data M ask

No information at this time.
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410 Precharge and Auto Precharge operation

4.10.1 Read to Precharge

A READ burst cannot be terminated by the PRECHARGE command.
The minimum READ to PRECHARGE command interval (same bank) is Burst Length (BL).

BL=4 RU(tRP/tCK)

S alalalalalalalalais

ADD

DQS

J 2 @0 |

RL=3, BL=4 accesses are shown = Don Adt Ca
Shown with nominal tDQSCK. . on,A0
DO n (or b) = Data out from Col n, BA, Col n=Bank A, Col n

Figure 32 — Read to Precharge command interval (same bank)

4.10.2 Writeto Precharge

A WRITE burst cannot be terminated by the Precharge command.
The minimum WRITE to PRECHARGE command interval (same bank) is WL+BL-1+RU(tWR/tCK) cycles.

U

o BB

z
o
\Ul

WL=1, BL=2 accesses are shown. . = Don,Adt Ca
BA, Col n =Bank A, Coln

Figure 33 — Writeto Precharge command interval (same bank)
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4.10.3 Auto Precharge

Auto Precharge is afeature which performs the bank precharge function without requiring an explicit command. This
issignalled by driving A10=High) with a specific READ or WRITE command. A precharge of the bank / row that is
addressed with the READ or WRITE command is automatically performed upon completion of the read or write
burst. Auto Precharge is non persistent: it is either enabled or disabled for each individual READ or WRITE
command.

Auto Precharge ensures that a precharge is initiated at the earliest valid stage within a burst. The user must not issue
another command to the same bank until the precharging time (trRP) is completed. Thisis determined asif an explicit

PRECHARGE command was issued at the earliest possible time as described for each burst type in the Operation
section of this specification.

Internal Precharge
Starts here
P BL=4 P RU(tRP/tCK)

ADD

DQS

D 7
3 ool
) Q\

RL=3, BL=4 accesses are shown - AB
Shown with nominal tDQSCK. . Don.Adt Ca
DO n = Data out from Col n, BA, Col n= Bank A, Col n

Figure 34 — Read with Autoprecharge
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Internal Precharge starts here

CK_t

CMD <\1RIT%.<NOP>.<NOP>.<NOP>.<NOP>.<NOP>.<ACT>‘

ADD

DQ

nWR

WL=1, BL=2 accesses are shown. - Ad
BA, Coln =Bank A, Col n . Don.Adt Ca
nWR is programmed using 2bit A8 and A9.

Figure 35— Write with Autoprecharge

DM

| @
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411 AutoRefresh

An auto refresh command isissued by having CS _n, RAS nand CAS n held low with CKE and WE_n high at the
rising edge of the clock (CK). All banks must be precharged and idle for tRP(min) before the auto refresh command
isapplied. Oncethis cycle has been started, no control of the external address micropillars are required because of the
internal address counter. When the refresh cycle has completed, all banks will be in theidle state. A delay between
the auto refresh command and the next activate command or subsequent auto refresh command must be greater than
or equal to the tRFC(min).

o U

cMD <PRE>.<NOP>.<NOP>.42‘#§;>.<NOP>"<NOP>.<NOP>.<ACT>.<NOP>.<NOP>.
\
)

CKE =High

tRP tRFC(min)
< » < »

DQS Hi-z

. = Don,Adt Ca

Figure 36 — Auto Refresh Timing

The Auto Refresh command is used during normal operation. This command is non-persistent so it must be issued
each time arefresh is required. Refresh addresses are generated by an internal refresh controller.

Regular, distributed refresh pattern is used for Wide 1/0 DRAM. An Auto Refresh command must be issued at an
average periodic interval of tREFI.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of 8 Refresh commands can be postponed, meaning that the maximum absolute
interval between any Auto Refresh command and the next Auto Refresh command is 9*tREFI.

Postponing Refresh commands may introduce the possibility of violating refresh time tREF.

The number of refresh commands R in any tREF window must always be satisfied.

tREFI

=2 | \(,\)IHH L, ¢

IH\"HH

8 REF commands postponed

Figure 37 — Postponing Refresh commands (Example)

Table 18 — Refresh Requirement Parameters

Parameter Symbol 1Gb | 2Gb 4Gb 8Gb Unit | Note
Refresh time tREF (0 °C<Tc<85 °C) 64 64 64 64 ms
Average periodic refresh interval tREFI (0°C<Tc<85°C) | 15.6 7.8 39 39 us 1
Required number of refresh commandsin
) R 4096 | 8192 | 16384 | 16384
Refresh time tREF
AUTO REFRESH to ACTIVE/ AUTO
. tRFC 90 130 130 210 ns
REFRESH command period

NOTE 1 For temperatures above 85 °C, use the refresh rate specified by status register.
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412  Self Refresh

A Self Refresh command is defined by having CS _n, RAS n, CAS nand CKE held low with WE_n high at the ris-
ing edge of the clock. Once the self Refresh command is initiated, CKE must be held low to keep the device in Self
Refresh mode. After 2 clock cycle from the self refresh command, all of the external control signalsincluding system
clock(CK) can be disabled except CKE. The clock is internally disabled during Self Refresh operation to reduce
power. Before returning CKE high to exit the Self Refresh mode, apply stable clock input signal with Deselect or
NOP command asserted. The Wide I/O SDRAM initiates a minimum of one all-bank refresh command internally
within tCKESR period once it enters Self Refresh mode.

o [\ ) (AR
Stable Clock

cvp  {NOP Self NOP NOP NOP Xit Se NOP NOP ACT
efres efres
. tCKESR(min) tXSR(min)

CKE =High \\ *

<> <>
tis tis

DQs Hi-Z

. = Don,Adt C:

Figure 38 — Self refresh timing

NOTE 1 Input clock frequency may be changed or stopped during self-refresh, provided that upon exiting self-
refresh, aminimum of 2 clocks of stable clock are provided and the clock frequency is between the minimum and
maximum frequency for the particular speed grade.

NOTE 2 Device must bein the al banksidle state prior to entering Self Refresh mode.
NOTE 3 The minimum time that the device must remain in Self Refresh mode istCKESR.

413 Mode Register Write

For application flexibility, various functions, features, and modes are programmable in Wide /O DRAM Mode
Registers. Values are programmed into M ode Registers viaa Mode Register Set (MRS) command. The default values
of the Mode Registers (MR#) are not defined so they must be programmed during the reset and initialization
sequence.

The contents of the Mode Registers can be altered by re-executing the MRS command during normal operation.
When programming the mode registers, even if the user chooses to modify only a sub-set of the MRS fields, all
address fields within the accessed mode register will be redefined when the MRS command is issued.

MRS commands do not affect array contents regardless of when these commands are executed.
After the mode register set command, tMRD is required to complete the write operation to the mode register and is

the minimum time required between two MRS commands.

The mode registers are divided into various fields depending on the functionality and/or modes.
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414 Power-Down

Power down scheme support each channel. The device enters power down mode when CKE low, and it exits when
CKE high. Once the power down mode isinitiated, all of the receiver circuits except CK and CKE are gated off to
reduce power consumption. All banks shall bein idle state prior to entering the precharge power down mode and
CKE should be set in high for at least tXP prior to Row active command. Refresh operation cannot be performed dur-
ing power down mode longer than 9*tREFI (minustPDEX to be accurate). Two stable clocks must be registered prior
to Power Down exit.

— R o W e W I I It Vool
4 44 \ [ S S I \ oA 4
ck = == f\ U f\ — ) f\ o f\ u T R f\
| | | | | | | | | | | |
| | | | | | | ‘ |
| ﬁ\ Precharge | . % R*\ ) recharge \ \ / Active \ ﬁll‘ﬁ /, Active \\ / |
pow er | er \/ \ ./ power |
Command (P recharg \NOP\ down n NOP m . A %%V\yvnr //u Nop —\Acuve\ %own >\NOP F\/\*R#\ %own "HH\READ/“
\ \ Entry / \ \ BExit ) \ \ﬂf | ;o\ Bt |
I | | \ | (NOP) I | | I I |
\ \ « ——f— tcKE > olp | « 4 feke e Xy
| | | | | < } » | | | |
| o\ | | | Voo | o\ | [ | |
CKE | | ! ! N 4 | N L ! | [
[ [ ( [ [ bilg [ [ [ [ <« [
\ \ us | | | uis | | tis | | tis | |
DQs T T T T T Hi-Z 7 T I I \ I
| | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
Figure 39 — Power-Down
4.15 Deep Power Down
4.15.1 Deep Power Down Entry
TO T1 T2 CLK must be stable until this falling edge

| | |
| |
o Y1 O | \
| |
| ' \
RST_n
|

Enter Deep Power Down mode

Note
Any channels in a slice is not allowed to stay at DPD state individually. After all channels in
a slice receive the DPD command, the internal power circuit will enter off state IDD8.

Figure 40 — Deep Power Down



JEDEC Standard No. 229
Page 43

4.15.2 Deep Power Down Exit

For Deep Power Down exit, the RST_n micropillar is used.
Because RST_nis per dlice (not per channdl), al channels on that slice will exit Deep Power Down mode.

The Deep Power Down EXxit sequence follows step 2 thru 5 in Power up and initialization
seguence (sequence after power ramp).
Tb Tc Td Te Tf g

Reset Initialization
»< >

oK _%meﬂmﬂ%‘ L

\
N = 200us (min) Ntz = 500us (min)

RST n

A 4

t|N|T2 =10ns (m|n

tiscke
| ISCKE

CKE “ “

tiniTs = 200us (mln)
g

0 [ S Q) o -4y (s s Ay v

oo I | b

Figure 41 — Deep Power Down Exit

~—
—
~—
—

4.16 Input Clock Sop and Frequency Change
Wide 1/0 devices support input clock frequency change during CKE LOW under the following conditions:
tekviny @d tex max) are met for each clock cycle;
Refresh Requirements apply during clock frequency change;
During clock frequency change, only REF commands may be executing;
Any Activate or Precharge commands have executed to completion prior to changing the frequency;

The related timing conditions (tgcp, trp) have been met prior to changing the frequency;

Theinitia clock frequency shall be maintained for aminimum of 2 clock cycles after CKE goes LOW,;

The clock satisfies tep(ans) and ter aps) for aminimum of 2 clock cycles prior to CKE going HIGH.

After theinput clock frequency is changed and CKE isheld HIGH, additional MRS commands may be required to set
the WR, RL, etc. These settings may need to be adjusted to meet minimum timing requirements at the target clock

frequency.
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4.16 Input Clock Stop and Frequency Change (cont’d)
Wide 1/0 devices support clock stop during CKE LOW under the following conditions:
CK_tisheld LOW (and CK_cisheld HIGH if differential clock is supported) during clock stop;

Refresh Reguirements apply during clock stop;
During clock stop, only REF commands may be executing;
Any Activate or Precharge commands have executed to completion prior to stopping the clock;

The related timing conditions (tgcp, trp) have been met prior to stopping the clock;

Theinitial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
The clock satisfies tcpans) and tey (apg) for aminimum of 2 clock cycles prior to CKE going HIGH.

Wide I/O devices support input clock frequency change during CKE HIGH under the following conditions:
tekviny and tex max) are met for each clock cycle;
Refresh Requirements apply during clock frequency change;
Any Activate, Read, Write, Precharge, Mode Register Set, or Status Register Read commands must have executed
to completion, including any associated data bursts prior to changing the frequency;

The related timing conditions (trcp. twr, tre tMrD: tsrr, €C.) have been met prior to changing the frequency;

CS _n shall be held HIGH during clock frequency change;

During clock frequency change, only REF commands may be executing;

The Wide I/0 device is ready for normal operation after the clock satisfies tepyang) and tep ans) for aminimum of
2tCK + tXP.

After theinput clock frequency is changed, additional MRS commands may be required to set the WR, RL etc. These
settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.

Wide 1/0 devices support clock stop during CKE HIGH under the following conditions:
CK _tisheld LOW (and CK_cisheld HIGH if differential clock is supported) during clock stop;
CS _n shall be held HIGH during clock stop;
Refresh Reguirements apply during clock stop;
During clock stop, only REF commands may be executing;
Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have exe-
cuted to completion, including any associated data bursts prior to stopping the clock;

The related timing conditions (tgcp, twrs trRp tMrD: tsrr, €EC.) have been met prior to stopping the clock;

The Wide 1/0 deviceisready for normal operation after the clock is restarted and satisfies tcpans) and tey (ang) for a
minimum of 2tCK + tXP.
4.17 No Operation Command

The purpose of the No Operation command (NOP) is to prevent the Wide I/O device from registering any unwanted
command between operations. Only when the CKE level is constant for clock cycle N-1 and clock cycle N, aNOP
command may be issued at clock cycle N. A NOP command has two possible encodings:

1. CS nHIGH at the clock rising edge N.
2.CS nLOW and RAS n, CAS n, WE_nHIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst read or
write cycle.
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418 Truth Table
Table 19 — Truth Table - Commands
NAME(FUNCTION) CS#t | RAS# | CASt | WE# BA A"A\lgl AS%/ ADD | NOTES
DESELECT (NOP) H X X X X X X X
NO OPERATION (NOP) L H H H \Y, Y Y \Y,
ACTIVATE (select bank and activate L L H H BA Row Row Row
row)
READ (select bank and column and
start read burst), Full Preamble L H L H BA L L Col
READ with AP (read burst with Auto
Precharge), Full Preamble L H L H BA H L Col 3
READ (select bank and column and
start read burst), Short Preamble L H L H BA L H Col H
READ with AP (read burst with Auto
Precharge), Short Preamble L H L H BA H H Col 31
WRITE (select bank and column and
start write burst) L H L L BA L Y Col
WRITE with AP (write burst with L H L L BA H Vv Col 3
Auto Precharge)
BURST TERMINATE or enter
DEEP POWER DOWN L H H L v v v v 45
PRECHARGE (deactivate row in
selected bank) L L H L BA L Y, Y 6
PRECHARQE ALL (deactivaterows L L H L Vv H Vv Vv 6
in al banks)
AUTO REFRESH or enter SELF
REFRESH L L L H \Y, \Y \Y, \Y 7,89
MODE REGISTER SET L L L L BA Op-code 10

V: HorL (defined logic level)  X: either “defined or undefined (like floating) logic level.

NOTE 1 All states and sequences not shown areiillegal or reserved.

NOTE 2 DESEL ECT and NOP are functionally interchangeable.

NOTE 3 Autoprecharge is non-persistent. A10 High enables Auto Precharge, while A10 Low disables Autoprecharge
NOTE 4 Burst Terminate applies to only Read bursts or Write bursts with Auto Precharge disabled.

NOTE 5 This command is BURST TERMINATE if CKE is High and DEEP POWER DOWN entry if CKE is Low.

NOTE 6 If A10is Low, bank address determines which bank isto be precharged. If A10is High, all banks are precharged and
BAO-BAlaredon't care.

NOTE 7 This command isAUTO REFRESH if CKE isHigh, and SELF REFRESH if CKE islow.

NOTE 8 All address inputs and 1/0 are ‘don't care’ except for CKE. Internal refresh counters control bank and row addressing.
NOTE 9 All banks must be precharged before issuing an AUTO-REFRESH or SELF REFRESH command.

NOTE 10 A16, BAO and BA1 values select the mode register.

NOTE 11 READ command with Short Preamble can only be used for zero bubble rank to rank, back to back Read cycles or Read
interrupted by Read in the samerank. For details refer to chapter4.4.

NOTE 12 CKE isHIGH for all commands shown except SELF REFRESH and DEEP POWER-DOWN.
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4.18 Truth Table (cont’d)
Table 20 — Truth Table- CKE and RST_n

CKEN-1|CKEN|RST_nN-1| RST_nN Current State COMMAND N ACTIONN NOTES
L L H H Power Down X Maintain Power Down
L L H H Self Refresh X Maintain Self Refresh
Maintain Deep Power

L L H H Deep Power Down X

Down
L H H H Power Down NOP or DESL Exit Power Down 56,9
L H H H Self Refresh NOP or DESL Exit Self Refresh 5,7,10
L L H L Deep Power Down X Exit Deep Power Down 8

Precharge Power Down

H L H H All banks Idle NOP or DESL 5

Entry

] Active Power Down

H L H H Bank(s) Active NOP or DESL 5

Entry
H L H H All Banksldle REFRESH Self Refresh Entry

BURST TERMI-
H L H H All Banksldle Enter Deep Power Down
NATE

H H H H See the other Truth Tables

NOTE 1 CKE N isthelogic state of CKE at clock edge N; CKEN-1 is the state of CKE at the previous clock edge.
RST_ nisthelogic state of RST_n N at clock edge n; RST_ n N-1 isthe state of RST_n N at the previous clock edge.

NOTE 2 Current state is the state of Wide I/O DRAM immediately prior to clock edge N.

NOTE 3 Command is the command registered at clock edge N, and ACTION N is the result of COMMAND N.

NOTE 4 All states and sequences not shown areillegal or reserved.

NOTE 5 DESEL ECT and NOP are functionally interchangeable.

NOTE 6 Power Down exit time (tXP) should elapse before a command other than NOP or DESEL ECT isissued.

NOTE 7 SELF REFRESH exit time (tXSR) should elapse before a command other than NOP or DESELECT isissued.

NOTE 8 The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of the Functional
Description.

NOTE 9 The clock must toggle at least once during the tXP period.
NOTE 10 The clock must toggle at least once during the tX SR time.

Table 21 — Truth table - Current state Bank n -Command to Bank n

Current State Command Operation Next State NOTES
Any NOP,DESL Continue Previous operation Current state
ACTIVATE Select and activate row Active
AUTO REFRESH Begin to refresh Refresh 6
Idie MODE _ _
Load value to Mode Register MR Write 6
REGISTER SET
PRECHARGE Deactivate row in bank or banks Precharge 7,14
READ Select column, and start read burst Read 9
Active WRITE Select column, and start write burst Write 10
PRECHARGE Deactivate row in bank or banks Precharge 7
Read (Auto READ Select column, and start new read burst Read 8,9
Precharge WRITE Select column, and start write burst Write 8.10,11
disabled) BST Read burst terminate Active 12
Write (Auto READ Select column, and start read burst Read 8,9,13
Precharge WRITE Select column, and start new write burst Write 8,11
Disabled) BST Write burst terminate Active 12
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418  Truth Table (cont’d)
Notes to Table 21

NOTE 1 The table applies when both CKE N-1 and CKE N are HIGH, and after tXSR or tXP has been met if the previous state
was Self Refresh or Power Down.

NOTE 2 All states and sequences not shown areillegal or reserved.
NOTE 3 Current state definitions
Idle: The bank or banks have been precharged, and tRP has been met.

Active: A row in the bank has been activated, and tRCD has been met. No data bursts / accesses and no register accessesarein
progress.

Reading: A Read burst has been initiated with Auto Precharge disabled and has not yet terminated or been terminated.
Writing: A Write burst has been initiated with Auto Precharge disabled and has not yet terminated or been terminated.

NOTE 4 The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable com-
mands to the other bank should beissued on any clock edge occurring during these states. Allowable commandsto the other banks
are determined by its current state.

Precharging: starts with the registration of a Precharge command and ends when tRP is met. Once tRP is met, the bank will bein
theidle state.

Row Activating: starts with registration of an Activate command and ends when tRCD is met. Once tRCD is met, the bank will be
in the Active state

Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when tRP has
been met. Once tRP has been met, the bank will bein theidle state.

Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when tRP has been
met. Once tRP is met, the bank will bein theidle state.

NOTE 5 The following states must not be interrupted by any executable command; NOP commands must be applied to each posi-
tive clock edge during these states.

Refreshing: startswith registration of an Auto Refresh command and ends when tRFC is met. Once tRFC is met, the device will be
inan al banksidle state.

MR writing: starts with the registration of a MRS command and ends when tMRD has been met. Once tMRD has been met, the
bank will be in the Idle state.

Precharging All: starts with the registration of a Precharge-All command and ends when tRP is met. Once tRP is met, the bank will
bein theidle state.

NOTE 6 Not bank-specific; requiresthat al banks are idle and no bursts are in progress.

NOTE 7 This command may or may not be bank specific. If all banks are being precharged, they must be in avalid state for pre-
charging.

NOTE 8 A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Prechargeis
enabled.

NOTE 9 Reads listed in the Command column can be Reads w/ Auto Precharge enabled or Reads w/ Auto Precharge disabled.
Also they can be Reads Full Preamble or Reads Short Preamble.  Reads with Short Preamble can only be used for zero bubble
rank to rank, back to back Read cycles, or Read interrupt by Read in the same rank. For details refer to 4.2.

NOTE 10 Writes listed in the command column can be Writes w/ Auto Precharge enabled or Writes w/ Auto Precharge disabled.

NOTE 11 A Write command may be applied after the completion of the Read burst; otherwise, aBST must be used to end the
Read prior to asserting a Write command.

NOTE 12 Not bank-specific. Burst Terminate (BST) command affects the most recent read/write burst started by the most recent
Read/Write command, regardless of bank.

NOTE 13 A Read command may be applied after the completion of the Write burst; otherwise, a BST must be used to end the
Write prior to asserting a Read command.

NOTE 14 If aPrecharge command isissued to abank in the Idle state, tRP shall still apply.
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418 Truth Table (cont’d)

Table 22 — Truth table - Current Sate Bank n -Command to Bank m

Current State Command Operation Next State NOTES
Any NOP,DESL Continue Previous operation Current state of Bank m
Idle Any Any command allowed to Bank m - 14
ACTIVATE Select and activate row in bank m Active 7
— READ Select column, and start read burst from bank m Read 8
Row Activating _ )
) WRITE Select column, and start write burst to bank m Write 9
Activeor PRECHARGE Deactivate row in bank or banks Precharge 10
Precharg Read or write burst terminate an ongoing _
BST _ Active 14
Read/Write from/to bank m
Read (Auto READ Select column, and start read burst from Bank m Read 8
Precharge WRITE Select column, and start write burst to Bank m Write 9,11
ACTIVATE Select and activate row in Bank m Active
Disabled) PRECHARGE Deactivate row in bank or banks Precharge 10
Write (Auto READ Select column, and start read burst from Bank m Read 8,13
Precharge WRITE Select column, and start write burst to Bank m Write 9
ACTIVATE Select and activate row in Bank m Active
Disabled) PRECHARGE Deactivate row in bank or banks Precharge 10
READ Select column, and start read burst from Bank m Read 8,12
Read with WRITE Select column, and start write burst to Bank m Write 911,12
Autoprecharge ACTIVATE Select and activate row in Bank m Active
PRECHARGE Deactivate row in bank or banks Precharge 10
READ Select column, and start read burst from Bank m Read 8,12,13
Write with WRITE Select column, and start write burst to Bank m Write 9,12
Autoprecharge ACTIVATE Select and activate row in Bank m Active
PRECHARGE Deactivate row in bank or banks Precharge 10

NOTE 1 The table applies when both CKEn-1 and CKEn are HIGH, and after tX SR or tXP has been met if the previous state was
Self Refresh or Power Down.
NOTE 2 All states and sequences not shown areillegal or reserved.
NOTE 3 Current State Definitions:
Idle: the bank has been precharged, and tRP has been met.

Active: arow in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses arein

progress.

Read: a Read burst has been initiated with Auto Precharge disabled and has not yet terminated or been terminated.
Write: a Write burst has been initiated with Auto Precharge disabled and has not yet terminated or been terminated.
NOTE 4 Refresh, Self-Refresh, and Mode Register Set commands may only be issued when all bank areidle.
NOTE 5 A Burst Terminate (BST) command cannot be issued to another bank; it appliesto the bank represented by the current

state only.

NOTE 6 The following states must not be interrupted by any executable command; NOP commands must be applied during each

clock cycle while in these states:
MR Writing: starts with the registration of a MRS command and ends when tMRD has been met. Once tMRD has been met, the
bank will be in the Idle state.

NOTE 7 tRRD must be met between an Activate command to Bank n and a subsequent Activate command to Bank m.

NOTE 8 Reads listed in the Command column can be Reads w/ Auto Precharge enabled or Reads w/ Auto Precharge disabled.
Also they can be Reads Full Preamble or Reads Short Preamble. Reads with Short Preamble can only be used for zero bubble rank
to rank, back to back Read cycles, or Read interrupt by Read in the same rank. For details refer to 4.2.

NOTE 9 Writes listed in the command column can be Writes w/ Auto Precharge enabled or Writes w/ Auto Precharge disabled.
NOTE 10 This command may or may not be bank specific. If all banks are being precharged, they must bein avalid state for

precharging.
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418  Truth Table (cont’d)

Notes to Table 22 (cont’ d)

NOTE 11 A Write command may be applied after the completion of the Read burst, otherwise a BST must be issued to end the
Read prior to asserting a Write command.

NOTE 12 Read with auto precharge enabled or a Write with auto precharge enabled may be followed by any valid command to
other banks provided that the timing restrictionsin Table 42.

NOTE 13 A Read command may be applied after the completion of the Write burst; otherwise, a BST must be issued to end the
Write prior to asserting a Read command.

NOTE 14 BST isalowed only if a Read or Write burst is ongoing.

5 Boundry Scan

51 Implementation

Capture signal state, then scan out.

Output Mux can set DQ to aknown state from scan chain.

- Complements scan capture capability

Global scan enable

- SSEN micropillar on lower right NC, opposite diagona from KEY
CA and DQ Rx active only on parallel input mode are necessary.
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bose: boundary scan serial output enable
bpie: boundary scan serial input enable
bsdc: boundary scan scan data capture
bpoc: boundary scan output data select

[_IScan Logic [ | Normal Logic

Figure 42 — Conceptual Block diagram
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Scan Chain Order
- Chain starts near the middle of the die and works out from there.
- The exit order isthe reverse of this, so AQ isthefirst bit to exit the chain and DQ112 is

the last.
- Thefollowing signals are excluded: Power, NC, DA, DA(0), TEST, CS_n, SSEN, SSH_n, SDI, SCK, SDO, SOE _n,
RST _n, and VPIN.
- A12 thru A15 will be included in boundary scan chain regardless of memory density. Scan Chain order

JEDEC Standard No. 229

Table 23 — Boundary scan exit order (per channel)
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BIT Loca | Signal BIT Loca- Signal BIT Loca- Signa BIT# | Locat | Signa BIT# Loca- | Signal
# tion name # tion name # tion name ion name tion name
1 A2 A0 41 B13 DQ11 81 C24 DQ44 121 E34 DQ78 161 F45 DQ127
2 B2 Al 42 A13 DM1 82 D24 DQ45 122 F34 DQ79 162 E45 DQ126
3 Cc2 A2 43 Cl4 DQ12 83 E24 DQ46 123 F35 DQ95 163 D45 DQ125
4 D2 A3 44 D14 DQ13 84 F24 DQ47 124 E35 DQY4 164 C45 DQ124
5 E2 A4 45 El4 DQ14 85 F25 DQ63 125 D35 DQ93 165 A46 DM15
6 F2 A5 46 F14 DQ15 86 E25 DQ62 126 C35 DQ92 166 B46 DQ123
7 F3 A6 47 F15 DQ31 87 D25 DQ61 127 A36 DM11 167 E46 DQ122
8 E3 A7 48 E15 DQ30 88 C25 DQ60 128 B36 DQ91 168 F46 DQ121
9 D3 A8 49 D15 DQ29 89 A26 DM7 129 E36 DQ90 169 F47 DQ120
10 C3 A9 50 C15 DQ28 90 B26 DQ59 130 F36 DQ89 170 E47 DQ119
1 c4 A10 51 Al6 DM3 91 E26 DQ58 131 F37 DQ88 171 D47 DQS7_t
12 D4 All 52 B16 DQ27 92 F26 DQ57 132 E37 DQ87 172 A48 DM14
13 E4 A12 53 E16 DQ26 93 F27 DQ56 133 D37 DQS5 t 173 B48 DQ118
14 F4 A13 54 F16 DQ25 94 E27 DQ55 134 A38 DM10 174 E48 DQ117
15 F5 Al4 55 F17 DQ24 95 D27 DQS3_t 135 B38 DQ86 175 F48 DQ116
16 E5 A15 56 E17 DQ23 96 A28 DM6 136 E38 DQ85 176 F49 DQ115
17 D5 BAO 57 D17 DQSL1_t 97 B28 DQ54 137 F38 DQ84 177 E49 DQ114
18 C5 BA1 58 A18 DM2 98 E28 DQ53 138 F39 DQ83 178 D49 DQ113
19 A6 CK_t 59 B18 DQ22 99 F28 DQ52 139 E39 DQ82 179 C49 DQ112
20 C6 RAS n 60 E18 DQ21 100 F29 DQ51 140 D39 DQ81

21 D6 CAS n 61 F18 DQ20 101 E29 DQ50 141 C39 DQ80

22 E6 WE_n 62 F19 DQ19 102 D29 DQ49 142 C40 DQY6

23 F6 Al6 63 E19 DQ18 103 C29 DQ48 143 D40 DQ97

24 F7 CKE1 64 D19 DQ17 104 | C30 DQ64 144 E40 DQ98

25 E7 CKEO 65 C19 DQ16 105 D30 DQ65 145 F40 DQ99

26 E8 CKE3 66 C20 DQ32 106 E30 DQ66 146 F41 DQ100

27 F8 CKE2 67 D20 DQ33 107 F30 DQ67 147 E41 DQ101

28 C10 DQO 68 E20 DQ34 108 F31 DQ68 148 B41 DQ102

29 D10 DQ1 69 F20 DQ35 109 E31 DQ69 149 A4l DM12

30 E10 DQ2 70 F21 DQ36 110 B31 DQ70 150 D42 DQS6_t

31 F10 DQ3 71 E21 DQ37 111 A3l DM8 151 E42 DQ103

32 F11 DQ4 72 B21 DQ38 112 D32 DQSA t 152 F42 DQ104

33 E11 DQ5 73 A21 DM4 113 E32 DQ71 153 F43 DQ105

34 B11 DQ6 74 D22 DQS2_t 114 F32 DQ72 154 E43 DQ106

35 All DMO 75 E22 DQ39 115 F33 DQ73 155 B43 DQ107

36 D12 DQS0_t 76 F22 DQ40 116 E33 DQ74 156 A43 DM13

37 E12 DQ7 77 F23 DQ41 17 | B33 DQ75 157 C44 DQ108

38 F12 DQ8 78 E23 DQ42 118 A33 DM9 158 D44 DQ109

39 F13 DQ9 79 B23 DQ43 119 C34 DQ76 159 E44 DQ110

40 E13 DQ10 80 A23 DM5 120 D34 DQ77 160 F44 DQ111
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52 Scan Chain order (cont’d)

50 Vss Vss
49 vss vss DQ112 DQ113 DQ114 DQ115
48 DM14 DQ118 VSSQ VSSQ DQ117 DQ116
47 DQS7_n DQS7_t DQ119 DQ120
46 DM15 DQ123 VDDQ VDDQ DQ122 DQ121
45 DQ124 DQ125 DQ126 DQ127
44 DQ108 DQ109 DQ110 DQ111
43 DM13 DQ107 VDDQ VDDQ DQ106 DQ105
42 DQS6_n DQS6_t DQ103 DQ104
41 DM12 DQ102 VSSQ VSSQ DQ101 DQ100
40 vss vss DQ96 DQ97 DQ98 DQ99
39 vss Vss DQ80 DQ81 DQ82 DQ83
38 DM10 DQ86 VSSQ VSSQ DQ85 DQ84
37 DQS5_n DQS5_t DQ87 DQ88
36 DM11 DQ91 VDDQ VDDQ DQ90 DQ89
35 DQ92 DQ93 DQ94 DQ95
34 DQ76 DQ77 DQ78 DQ79
33 DM9 DQ75 VDDQ VDDQ DQ74 DQ73
32 DQS4_n DQS4_t DQ71 DQ72
31 DM8 DQ70 VSSQ VSSQ DQ69 DQ68
30 vss Vss DQ64 DQ65 DQ66 DQ67
29 vss vss DQ48 DQ49 DQ50 DQ51
28 DM6 DQ54 VSSQ VSSQ DQ53 DQ52
27 DQS3_n DQS3_t DQ55 DQ56
26 DM7 DQ59 VDDQ VDDQ DQ58 DQ57
25 DQ60 DQ61 DQ62 DQ63
24 DQ44 DQ45 DQ46 DQ47
23 DM5 DQ43 VDDQ VDDQ DQ42 DQ41
22 DQS2_n DQS2_t DQ39 DQ40
21 DM4 DQ38 VSSQ VSSQ DQ37 DQ36
20 vss vss DQ32 DQ33 DQ34 DQ35
19 vss vss DQ16 DQ17 DQ18 DQ19
18 DM2 DQ22 VSSQ VSSQ DQ21 DQ20
17 DQSL n DQSL_t DQ23 DQ24
16 DM3 DQ27 VDDQ VDDQ DQ26 DQ25
15 DQ28 DQ29 DQ30 DQ31
14 DQ12 DQ13 DQ14 DQ15
13 DM1 DQI1 VDDQ VDDQ DQ10 DQ9
12 DQSO_n DQSO_t DQ7 DQ8
11 DMO DQ6 VSSQ VSSQ DQ5 DQ4
10 vss Vss DQO DQ1 DQ2 DQ3
9 vss vss
8 cs3n cs2.n CKE3 CKE2
7 cso_n csin CKEO CKE1
6 CK_t RAS_n CAS_n WE_n Al6
5 vss vss BA1 BAO Al5 Al4
4 A10 A1l A12 A13
3 A9 A8 A7 A6
2 A0 AL A2 A3 A4 A5
1 VsSs Vss (Note 1)

A B c D E F

NOTE 1 Thisis Key (missing micropillar) for channel d, NC for channel b, VPIN for channel A, and SSEN for channel ¢

NOTE 2 Channel descriptors are not explicitly shown. For details refer to micropillar Definition and Description.
Figure 43 — Scan chain order (per channel)
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Table 24 — Scan Micropillar description

Hless Symbol Type Description
tion
. Scan Shift: capture the data input from the micropillar at logic HIGH
E9 SSH_n[ad] Input and shift the data on the chain at logic LOW.
Scan Clock. Not atrue clock, could be asingle pulse or series of
c9 SCKlad] Input pulses. All scan inputswill be referenced to the rising edge of
the scan clock.
D9 SDI[ad] Input Serial Data Input
B8 SDO[ad] Output Serial Data Output
C1, SSEN Input Scan Enable: logic HIGH enables scan logic. Scan logicis
Chc disabled at logic LOW. Must betied to VSS or VSSQ when not in use.
F8 SOE_n[ad] Input Scan Output Enapl e enables (registered LOW) and disables
(registered HIGH) DQ Tx or SDO
Table 25— Boundary Scan Truth Table
. SOE
Description SSEN | CS n N SSH n SDI SDO DQ, CA SCK
Serial Data In/out H L L L Valid | valid Hiz Valid CLK
Seria dataln (No Serial out) H L H L Valid Hiz Hiz Valid CLK
Parallel Input H H H H X Hiz Valid Dataln Valid CLK
Parallel Output H L H H X Hiz Valid Data Out X
NOP (DQ,SDO hoth float, no H H . L X HiZ Hiz "
data capture)
Normal DRAM functionality, . .
Scan chain disabled L Vaid X X X Hiz X

NOTE Channel descriptors are not explicitly shown for signal name.

x: Don’t care (VIH or VIL)

Table 26 — Boundary Scan AC characteristics

Par ameter Symbol Min Max Unit
Clock cycletime tSCK 40 - ns
Scan enable setup time tSES 20 - ns
Scan enable hold time tSEH 20 - ns
Scan command setup time for CS_n, SOE_n, SSH_n tSCS 14 - ns
Scan command hold time for CS _n, SOE n, SSH n tSCH 14 - ns
Scan capture setup time tSDS 10 - ns
Scan capture hold time tSDH 10 - ns
Valid scan output tSAC - 10 ns
Scan output hold tSOH 1.0 - ns
Scan output Low Z tSLZ 1.0 - ns
Scan output Hi Z tSHZ - 10 ns
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Figure 44 — Serial Data In (synchronous oper ation)
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Figure 45 — Serial Data Out (synchronous oper ation)
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Figure 46 — Parallel Data I n (synchronous oper ation)
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Figure 47 — Parallel Out (asynchronous oper ation)
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6 Absolute Maximum Ratings

Stresses greater than those listed may cause permanent damage to the device. Thisisa stressrating only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections of

this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

reliability.
Table 27 — Absolute Maximum DC Ratings
Parameter Symbol Min Max Units Notes

VDD1 supply voltage relativeto VSS vDD1 -04 23 \% 2

VDD2 supply voltage relativeto VSS VDD2 -04 16 \% 2

VDDQ supply voltage relative to VSSQ VDDQ -04 16 \% 2

Voltage on any 1/O micropillar relativeto VSS VIN, VOUT -0.4 16 \

Storage Temperature Tsre -55 125 C 3

NOTE 1 Stresses greater than those listed under “ Absolute Maximum Ratings’ may cause permanent damage to the device. Thisis
astress rating only and functional operation of the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability

NOTE 2 See 3.2.2, Power-Ramp, for relationships between power supplies.

NOTE 3 Storage Temperature is the die surface temperature on the center/top side of the Wide /O chip. For the measurement
conditions, please refer to the JEDEC standard.

7 AC and DC Operating Conditions

7.1 Recommended DC Operating Conditions

Table 28 — DC Operating Conditions

Widel/O .
Symbol - DRAM Unit
Min Typ Max
VDD1 1.70 1.80 1.95 Core Powerl \Y,
VDD2 114 1.20 13 Core Power2 and Control/Address Input Buffer Power \%
VDDQ 1.14 1.20 13 1/0 Buffer Power \Y

NOTE 1 VDD1 uses significantly less power than VDD2

NOTE 2 The voltagerangefor VDD1, VDD2 and VDDQ isfor DC voltage only. DC is defined as the voltage supplied at the
DRAM andisinclusive of al noise up to IMHz at the DRAM micropillar.

7.2 Input Leakage Current
Table 29 — Input L eakage Current

Parameter / Condition Symbol Min Max Unit
Input Leakage current
P ag IL -5 5 UA
(0<=VIN <=VDD2(orVDDQ)
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7.3 Operating Temperature Range
Table 30 — Operating Temperature Range
Parameter / Condition Symbol Min M ax Unit
Standard -25 85 C
- Toper
High 85 105 C

NOTE 1 Operating Temperature is the backside temperature of center of Wide I/0O DRAM device
NOTE 2 Some applications require operating the Wide 1/0 DRAM in the maximum temperature conditions of the High

Temperature Range between 85 °C and 105 °C case temperature. For Wide I/O DRAM devices, some derating is necessary to
operatein thisrange. See 3.3.3.1, Status Register Read.

NOTE 3 Either the device case temperature or the temperature sensor (See 3.3.3.1, Status register read) may be used to set an
appropriate refresh rate, determine the need for AC timing de-rating and/or monitor the operating temperature.

7.4 AC and DC Input Measurement Levels
Table 31 — AC and DC Input Measurement Levels

Parameter Symbol Min Max Unit
Input high level (AC) VIH(AC) 0.80*VDD2(or VDDQ) VDD2(or VDDQ)+0.2 \%
Input low level (AC) VIL(AC) -0.2 0.20*VDD2(or VDDQ) Y;
Input high level (DC) VIH(DC) 0.70*VDD2(or VDDQ) VDD2(or VDDQ)+0.2 Y
Input low level (DC) VIL(DC) -0.2 0.30*VDD2(or VDDQ) Y;

NOTE 1VDD2 for ADD/CMD micropillars, VDDQ for DQ/DM/DQS micropillars.

— 0.5*VDD2
CK_t |
\
tIS, tDS tIH, tDH

VIH(AC) VIH(DC)
Other < KVIL(AC) XVIL(DC) >
Inputs | |

= Don't Care

Note:

AC timing is defined with 1V/nsinput slew rate on CK.
AC level is guaranteed transition point.
DC level ishysteresis.

Figure 48 — Input AC timing definition
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8 AC and DC Output Meassureent Levels

8.1 Output Levels
Table 32 — Output Levels

Par ameter Symbol Min Max Unit
Output high voltage VOH 0.80* VDDQ - \%
Output low voltage VOL - 0.20* VDDQ \%

NOTE 1 Output timing reference voltage is VOH/VOL for DQ, 0.5*VDDQ for DQS.
NOTE 2 Output AC timing is defined with 1V/ns output slew rate on CK/DQS.
NOTE 3 Output dlew rate is defined between VOH and VOL.

8.2 Output Timing Reference L oad
I/0
.__l_ 3pF(Full) / 2pF(Weak)

Figure 49 — Timing reference load

8.3 Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and rising edges is defined and

measured between VoL and VoH for single ended signals

Table 33 — Output Slew Rate

M easured
Description Defined by
from to
Output slew rate for rising edges VOL VOH (VOH-VOL) / Tr
Output slew rate for falling edges VOH VOL (VOH-VOL) / Tf

o
(@)
2
o
3
S
g
>
]
Figure 50 — Output Slew Rate Definition
Table 34 — Output Slew Rate
Parameter Symbol Min Max Unit
Output Slew rate SRQ 1.0 - Vins

NOTE 1 Full strength driver for 3pF load condition, weak strength driver for 2pF load condition




84 Over/Under shoot

Table 35 — Over/Under shoot
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Parameter Specification
Maximum peak Amplitude allowed for overshoot area 0.35v
Maximum peak Amplitude allowed for undershoot area 0.35v
Maximum overshoot area above VDD2/VDDQ 0.8V-ns
M aximum undershoot area below VSS/VSSQ 0.8V-ns

Maximum Amplitude

-

VDD

Overshoot Area

4

Volts
V)

~

Maximum Amplitude

Time (ns)

N

Undershoot Area

NOTE 1 For CKE, CK, Address and CMD, VDD stands for VDD2. For DQ and DMQS, VDD stands for VDDQ.
NOTE 2 For CKE, CK, Address and CMD, VSS stands for VSS. For DQ and DMQS, VSS stands for VSSQ.
Figure 51 — AC Overshoot and Under shoot Definition for Addressand Control Micropillars

9 I nput/Output Capacitance

Table 36 — Input/Output Capacitance

Par ameter Symbol Min Max Unit

Input capacitance, RST_n Cin_RST_n - 1.0 pF

Input capacitance, all other input-only micropillars Cin - 0.5 pF
Input/output capacitance, DQ/DM/DQS Cio - 0.5 pF

NOTE 1 These capacitance values are for single monolithic devices only. Multiple die stacks will have parallel capacitive |oads.
NOTE 2 micropillars for test purposes (TEST, DA, VPIN, and Boundary Scan micropillars) do not comply with above table.
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10 IDD Specification Parameters and Test Conditions

10.1 IDD Measurement Conditions

The following definitions and conditions are used in the IDD measurement tables unless stated otherwise:

a) LOW: VIN - VIL(DC)max
b) HIGH: VIN - VIH(DC)min
c) STABLE: Inputsare stable at aHIGH or LOW level

d) SWITCHING: See Table 2 through Table 5
Table 37 — SDR Switching for Command and Address Input Signals, IDD2P, IDD2N, IDD3P, IDD3N

CK CK CK CK CK CK CK CK
(Rising) (Rising) (Rising) (Rising) (Rising) (Rising) (Rising) (Rising)
Cycle 0 1 2 3 4 5 6 7
CSn HIGH
RAS n H L L H H L L H
CAS n L L H H L L H H
WE_n H L L H H L L H
A0 L L H H L L H H
Al H L L H H L L H
A2 L L H H L L H H
A3 H L L H H L L H
A4 L L H H L L H H
A5 H L L H H L L H
A6 L L H H L L H H
A7 H L L H H L L H
A8 L L H H L L H H
A9 H L L H H L L H
A10 L L H H L L H H
All H L L H H L L H
Al2 L L H H L L H H
Al3 H L L H H L L H
Al4 L L H H L L H H
A15 H L L H H L L H

NOTE1 CS_nmust dways be driven HIGH.
NOTE 2 For each clock cycle, 50% of the address bus is changing between HIGH and LOW.

The noted pattern (N, N + 1, N + 2, N + 3...) isused continuously during | pp measurement for | pp valuesthat require switching on
the address bus.
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10.1 1DD Measurement Conditions (cont’d)
Table 38 — SDR Switching for 1ppg
Clock o |es RAS n
Loop | Cycle Clock E n Command | CAS n | BA[1:Q] Address DQ
Number WE_n
0 0 Rising H L ACTIVE LHH 00 LHLHLHLHLHLHLHLH
0 1 Rising H H DESELECT LHL 00 LLLLLLLLLLLLLLLL
0 2 Rising H L NOP HHH 00 HLHLHLHLHLHLHLHL
0 3 Rising H H DESELECT HLL 00 HHHHHHHHHHHHHHHH
0 4 Rising H L NOP HHH 00 LHLHLHLHLHLHLHLH
0 5 Rising H H DESELECT LHH 00 LLLLLLLLLLLLLLLL
0 6 Rising H L NOP HHH 00 HLHLHLHLHLHLHLHL L
0 7 Rising H H DESELECT HLL 00 HHHHHHHHHHHHHHHH
- PRE-
0 8 Rising H L CHARGE HLH 00 LHLHLHLHLHLHLHLH
0 9 Rising H H DESELECT LHH 00 LLLLLLLLLLLLLLLL
0 10 Rising H L NOP HHH 00 HLHLHLHLHLHLHLHL
0 11 Rising H H DESELECT HLH 00 HHHHHHHHHHHHHHHH
1 12-23 Repesat Loop 0 with BA[1:0] = 01
2 24-35 Repeat Loop 0 with BA[1:0] = 10
3 36 - 47 Repeat Loop 0 with BA[1:0] =11
4 Repesat Loops 0-3
Table 39 — SDR Switching for 1ppsr
Clock CK |Ccs_ e _ DQ
Loop | Cycle Clock E n Command | CAS n | BA[1:Q] Address (557 )
Number WE_n
0 0 Rising H L READ HLH 00 LHLHLHLHLHLHLHLH 0x33
0 1 Rising H H DESELECT LHL 00 LLLLLLLLLLLLLLLL OxFO
0 2 Rising H H DESELECT LHL 00 HLHLHLHLHLHLHLHL 0x3C
0 3 Rising H H DESELECT HLH 00 HHHHHHHHHHHHHHHH OxOF
1 4-7 Repeat Loop 0 with BA[1:0] =01
2 8-11 Repeat Loop 0 with BA[1:0] =10
3 12-15 Repeat Loop 0 with BA[1:0] =11
4 Repesat Loops 0-3
NOTE1 DQ,DQS t, DQS c areat mid-level when not driving datain burst sequence.
NOTE2 DM isLOW.
NOTE 3 All bankswill remain open during data burst loops.
NOTE 4 DQ switching 50% on each burst data transfer.
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10.1 IDD Measurement Conditions (cont’d)
Table 40 — SDR Switching for 1ppaw
Clock RAS n
Loop | Cycle Clock CEK C:— Command | CAS n | BA[1:0] Address (perDt?yte)
Number WE_n
0 0 Rising H L WRITE HLL 00 LHLHLHLHLHLHLHLH 0x33
0 1 Rising H H DESELECT LHH 00 LLLLLLLLLLLLLLLL OxFO
0 2 Rising H H DESELECT LHH 00 HLHLHLHLHLHLHLHL 0x3C
0 3 Rising H H DESELECT HLL 00 HHHHHHHHHHHHHHHH OxOF
1 4-7 Repeat Loop 0 with BA[1:0] =01
2 8-11 Repesat Loop 0 with BA[1:0] = 10
3 12-15 Repeat Loop 0 with BA[1:0] =11
4 Repesat Loops 0-3

NOTE1 Datamask (DM) must dways be driven LOW (data NOT masked).

NOTE 2 All banks remain open during data burst loops.
NOTE 3 DQ switching 50% on each burst data transfer.

10.2 I1DD Specifications

Ipp values are for the entire operating voltage range, and all of them are for the entire standard
temperature range, with the exception of |ppeer Which isfor the elevated temperature range. All

specifications apply to the device on a per-die basis, with asingle channel in the required state for
the applicable measurement parameter, and all other channelsin the Idle Power-Down Standby

state.

Table 41 — | pp Specification Parametersand Operating Conditions
Notes 1, 2 & 3 apply for all values. CA bus is comprised of RAS_n, CAS_n, WE_n, and A[msb:Isb].

Parameter/Condition Symbol Power Supply Notes

Operating one bank active-precharge current: Iopo1 Vb1
'CK ='CKmin; 'RC = 'RCmin; IpDo2 Vbp2
CKE isHIGH,;
CS_nisHIGH between valid commands;

_ o Ibpoin Vbbo
CA businputs are switching;
Data bus inputs are stable
Idle power-down standby current: IpD2r1 Vpp1
{CcK ='CKmin; IbD2P2 Vbb2
CKEisLOW;
CS nisHIGH;
All banks areidle; Ibb2prin Vbpo
CA businputs are switching;
Data bus inputs are stable
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Table 41 — | 5 Specification Parameters and Operating Conditions
Notes 1, 2 & 3 apply for all values. CA bus is comprised of RAS_n, CAS_n, WE_n, and A[msb:Isb].
Par ameter/Condition Symbol Power Supply Notes

Idle power-down standby current with clock stop: IbD2ps1 Vpp1
CK =LOwW, IDD2PS2 Vb2
CKEisLOW;
CS nisHIGH;
All banks areidle; IpD2Psin Vbbg
CA businputs are stable;
Data bus inputs are stable
Idle non-power-down standby current: IpD2N1 Vpp1
IcK ='CKmin; Ipp2n2 Vb2
CKE isHIGH,;
CS nisHIGH,;
All banks areidle; IDD2N,in Vbbpg
CA businputs are switching;
Data bus inputs are stable
Idle non-power-down standby current with clock stopped: lopanst Vb1
CK =LOwW;, IpD2Ns2 Vbb2
CKE isHIGH,;
CS nisHIGH,;
All banks areidle; Ibb2nsin Vbbo
CA businputs are stable;
Data bus inputs are stable
Active power-down standby current: Ipp3P1 Vb1
K ='CKmin; Ippar2 Vbp2
CKE isLOW;
CS nisHIGH,;
One bark is active; Ibp3arin Vbbpo
CA businputs are switching;
Data bus inputs are stable
Active power-down standby current with clock stop: IbD3PsL Vpp1
CK=LOW; IpD3psS; Vb2
CKE isLOW;
CS nisHIGH,;
One bank is active; IDD3PS;in VbbQ
CA businputs are stable;
Data bus inputs are stable
Active non-power-down standby current: IpD3ant Vpp1
lcK ='CKmin: Ippan2 Vop2
CKE isHIGH;
CS nisHIGH;
One bank is active: IpDaN,in Vbpo

CA businputs are switching;
Data bus inputs are stable
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Table 41 — | 5 Specification Parameters and Operating Conditions
Notes 1, 2 & 3 apply for all values. CA bus is comprised of RAS_n, CAS_n, WE_n, and A[msb:Isb].

Par ameter/Condition Symbol Power Supply Notes

Ippanst Vbp1

Active non-power-down standby current with clock stopped: Ippans? Vpp2

CK =LOW,;

CKE isHIGH,;

CSNIsHIGH; IbDansn Vbbg

One bank is active; '

CA businputs are stable;

Data bus inputs are stable

Operating burst READ current: lppar1 Vpp1

{cK ='CKmin; IpD4R2 Vb2

All banks active;

BL=4 _RL =3 o IDD4R,in Vbbo 5

CA businputs are switching;

50% data change each burst transfer

Operating burst WRITE current: lopaw1 Vb1

IcK ='CKmin; Ippaw2 Vbb2

All banks active;

BL =4; WL =WLmin;

_ o | DDaWin Vbbo

CA businputs are switching;

50% data change each burst transfer

All-bank REFRESH burst current: Ipps1 Vpp1

IcK ='CKmin; Ipps2 Vb2

CKE isHIGH between valid commands;

'RC = 'RFCmin;

Burst refresh; Ibpsin VbbQ

CA businputs are switching;

Data bus inputs are stable

All-bank REFRESH average current: IpDsAL Vpp1

IcK ='CKmin; IppsA2 Vb2

CKE isHIGH between valid commands;

'RC = 'REFI; oS | Vop

CA businputs are switching; " ©

Data bus inputs are stable

Self refresh current (Standard Temperature Range): Ippe1 Vpp1

CK =LOW; IpD62 Vb2

CKEisLOW;

CA businputs are stable; 46
Ipp6IN Vbbo

Data bus inputs are stable
Maximum 1x self refresh rate
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Table 41 — | 5 Specification Parameters and Operating Conditions
Notes 1, 2 & 3 apply for all values. CA bus is comprised of RAS_n, CAS_n, WE_n, and A[msb:Isb].
Par ameter/Condition Symbol Power Supply Notes

Self refresh current (Elevated Temperature Range): IbDeETL Vpp1
CK =LOwW, IppeET2 Vb2
CKEisLOW; 7,6
CA businputs are stable; IbDeET,in VbbQ
Data bus inputs are stable
Deep power-down current: Ipps1 Vpp1
CK =LOwW;, IpDs2 Vb2
CKE isLOW; 7
CA businputs are stable; IppgIN Vbbo
Data bus inputs are stable

NOTE 1 Published Ipp values are the maximum of the distribution of the arithmetic mean.
NOTE 2 Ipp current specifications are tested after the device is properly initialized.
NOTE 3 All other channels arein idle power-down standby with clock-stopped state (I ppops)

NOTE4 The 1x self refresh rateisthe rate at which the device is refreshed internally during self refresh, before going into the
elevated temperature range.

NOTES5 Guaranteed by design with output reference load and minimum 1 V/ns slew rate.

NOTE 6 Thisisthe genera definition that appliesto full-array SELF REFRESH.

IppeeT @nd I ppg are typical values, are sampled only, and are not tested.
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11

Electrical Characteristicsand AC Timing

111 AC Timings

Table 42 — AC Timings

Parameter Symbol Wide I/0 200MHz Wide I/O 266MHz Unit
Clock Timing min max min max
1|Average Clock Period tCK (avg) 5 100 3.75 100 ns
2|Average high pulse width tCH(avg) 0.45 0.55 0.45 0.55 tCK
3|Average low pulse width tCL (avg) 0.45 0.55 0.45 0.55 tCK
Read Parameters
1|DQ output data access time from CK tAC 1 5 1 5 ns
2|DQS output accesstime from CK falling edgel tDQSCK 1 5 1 5 ns
3|rank-to-rank DQS delay tDQSDQS 18 2.2 18 22 tCK
4|Average DQS High Pulse Width (slice) tDQSH 0.9 11 0.9 1.1 tCK
5|Average DQS Low Pulse Width (slice) tDQSL 0.9 11 0.9 11 tCK
6|/Average DQS Low Pulse Width (stack) tDQSLC TBD TBD TBD TBD tCK
7|DQ output setup time from DQS tQS 1.0 0.8 ns
8|DQ output hold time from DQS tQH 1.0 0.8 ns
9|DQS full preambletime tRPRE 0.9 11 0.9 11 tCK
10|DQS short preamble time tRSPRE 0.4 0.6 04 0.6 tCK
11/Read postamble tRPST 04 0.6 04 0.6 tCK
12|DQS low-Z from clock falling edge tLZ(DQS) 0.5 05 ns
13|DQ low-Z from clock tLZ(DQ) 0.5 0.5 ns
14|DQS high-Z from clock falling edge tHZ(DQS) 5 5 ns
15|DQ high-Z from clock tHZ(DQS) 5 5 ns
Write Parameters
1DQ and DM input setup time tDS 1 0.8 ns
2|DQ and DM input hold time tDH 1.25 1 ns
3|DQ and DM input pulse width tDIPW 0.7 TBD TBD tCK
CKE Input Parameters
1/CKE min. pulse width (high and low pulse tCKE 3 3 tCK
width)
Command Address |nput Parameters
1|Address and control input setup time tIsS 1 0.8 ns
2|Address and control input hold time tiH 1.25 1 ns
3|Address and control input pulse width tIPW 0.7 TBD TBD tCK
Mode Register Parameters
1M ode Register Write command period tMRW 2 2 tCK
2|Status Register Read command period tSRR 2 2 tCK
3|Read of SRR to next valid command tSRC RL+4 RL+4 tCK
Wide /O SDRAM Core Parameters
1/ACTIVE to ACTIVE command period tRC tRASHRP tRASHRP ns
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Table 42 — AC Timings
2|CKE min. pulse width during Self-Refresh tCKESR max (15, max (15, ns
(low pulse width during Self-Refresh) 3tCK) 3tCK)
3|Self refresh exit to next valid command delay| tXSR tRFC+10 tRFC+10 ns
4|Exit power down to next valid command tXP max(10, max (10, ns
delay 2tCK) 2tCK)
5|CASto CASdelay for Read tCCD Read 2 2 tCK
6/CASto CAS delay for Write tCCD 1 1 tCK
Write
7|IRASto CAS Delay tRCD 18 18 ns
8|Row Precharge Time tRP 18 18 ns
9|Row Active Time tRAS 42 70000 42 70000 ns
10|Write Recovery Time tWR max(15, max(15, ns
3tCK) 3tCK)
11{Internal Write to Read Command Delay tWTR max (15, max (15, ns
2tCK) 2tCK)
12|Active bank A to Active bank B tRRD 10 10 ns
13| Two bank active window tTAW 50 50 ns
14|Minimum Deep Power Down Time tDPD 500 500 us
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