SMART® ST1026MP41W693HC

Modular Technologies February 12, 2019

Ordering Information

Part Number Description Device Vendor

ST1026MP41W693HC | 1Gx64 (8GB), DDR4, 216-Pin Unbuffered Module in Pack- | Hynix, Rev. C
age (MIP), Non-ECC, 1Gx16 Based (SR DDP - two 1Gx8), | HSANAGENCMR-VKC
DDR4-2666-19-19-19, 22.25mm, 1.2V, Halogen-Free &
RoHS Compliant.

(All specifications of this module are subject to change without notice.)
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Part Number Decode

ST 102 6 MP4 1W6 9 3 H C

SMART Modular Technologies

Module Process Technology
T: RoHS Compliant DDR4 Enterprise

Module Address Depth
102: 1G

Module Data Bus Width
6: x64

Module Configuration
MP4: 1.2V DDR4 216-Pin Unbuffered Module in Package
(MIP)

Device Configuration
1W6: 1Gx16 SR DDP Based

CAS Latency
9:CL19

Device Speed
3: DDR4-2666

Device Vendor
H: Hynix

Device Revision
C: Revision C
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Modular Technologies February 12, 2019

Revision History

Date Description

January 31, 2019 Datasheet released.
February 12, 2019 Added the ECC Block Diagram on page 8.

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom « Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 ¢ Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2019 SMART Modular - Confidential 3



= SMART

= Modular Technologies

ST1026MP41W693HC
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8GB (1Gx64) DDR4 SDRAM Module - 1Gx16 Based (SR DDP - two 1Gx8)
216-Pin Unbuffered Module in Package (MIP), Non-ECC

Features

» Standard = Custom

+ Configuration = Non-ECC

*  Number of Module Ranks = 1 Rank

*  Number of Devices =8

. VDD = VDDQ =1.2V

. Vpp = 25V

. VDDSPD =1.4V to 3.6V

* Cycle Time = 0.833ns

+ CAS Latency =10, 11,12, 13, 14, 15, 16, 17, 18,
19, 20

+ CAS Latency with Read DBI = 12, 13, 14, 15, 16,
18, 19, 20, 21, 22, 23

+ Additive Latency =0, CL-1,and CL - 2

+ CAS Write Latency (CWL) =9, 10, 11, 12, 14, 16,
18

* Burst Length (BL) switch on-the-fly BL8 or BC4
(Burst Chop)

« Burst Type = Sequential & Interleave

» Bi-Directional Differential Data Strobe

*  On-Die Termination (ODT)

» 8 bit pre-fetch

* Device Package = DDP FBGA

« Ball Finish = SAC305 (SnAgCu)

* Length x Height = 22.25mm x 22.25mm
* No. of sides = Double-sided

» Bank Grouping is applied, and CAS to CAS latency
(tcep L tecp s) for the banks in the same or differ-
ent bank group accesses are available

* Temperature sensor

+ Per DRAM Addressability is supported

* Internal Vrgf for data inputs

*  Write CRC is supported

« DBI (Data Bus Inversion) is supported

*  CA parity (Command/Address Parity) mode is sup-
ported

Addressing
Device Configuration 1Gx16 SR DDP*
Number of Bank Groups 4
Bank Groups BGO - BG1
Bank Address BAO - BA1
Row Address AO - A15
Column Address A0 - A9
Page size - per array 1KB
Page size - package 2KB

* x16 Single Rank (SR) Dual Die Package (DDP) is
comprised of two x8 devices connected in parallel.
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SMART® ST1026MP41W693HC

Modular Technologies February 12, 2019

Pin Description Table

Symbol

CKO0, CKO

Type

Input

Function

Clock: CK and CK are differential clock inputs. All address and control input signals are sampled on the cross-
ing of the positive edge of CK and negative edge of CK.

CKEO

Input

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock signals and device input buffers
and output drivers. Taking CKE Low provides Precharge Power- Down and Self-Refresh operation (all banks
idle), or Active Power-Down (row Active in any bank). CKE is synchronous for Self-Refresh exit. After Vgrgrca
and Internal DQ Vggg have become stable during the power on and initialization sequence, they must be main-
tained during all operations (including Self-Refresh). CKE must be maintained high throughout read and write
accesses. Input buffers, excluding CK, CK, ODT and CKE are disabled during power-down. Input buffers,
excluding CKE, are disabled during Self- Refresh.

Cso

Input

Chip Select: All commands are masked when CSis registered HIGH. cs provides for external Rank selection
on systems with multiple Ranks. CS is considered part of the command code.

OoDTO

Input

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance internal to the DDR4
SDRAM. When enabled, ODT is only applied to each DQ, DQS, DQS and DM/DBI/TDQS, NU/TDQS (When
TDQS is enabled via Mode Register A11=1 in MR1) signal. The ODT pin will be ignored if MR1 is programmed
to disable RTT_NOM.

ACT

Input

Activation Command Input: ACT defines the Activation command being entered along with CS. The input into
RAS/A16, CAS/A15 and WE/A14 will be considered as Row Address A16, A15 and A14.

RAS/A16,
CASIA15,
WE/A14

Input

Command Inputs: RAS/A16, CAS/A15 and WE/A14 (along with CS) define the command being entered.
Those pins have multi function. For example, for activation with ACT Low, those are Addressing like A16, A15
and A14 but for non-activation command with ACT High, those are Command pins for Read, Write and other
command defined in command truth table.

DMO0/DBIO-
DM7/DBI7

Input/
Output

Input Data Mask and Data Bus Inversion: DM is an input mask signal for write data. Input data is masked when
DM is sampled LOW coincident with that input data during a Write access. DM is sampled on both edges of
DQS. DM is muxed with DBI function by Mode Register A10, A11, A12 setting in MR5. The function of DM is
enabled by Mode Register A11 setting in MR1. DBI is an input/output identifying whether to store/output the
true or inverted data. If DBI is LOW, the data will be stored/output after inversion inside the DDR4 SDRAM and
not inverted if DBI is HIGH.

BGO-BG1

Input

Bank Group Inputs: BGO define to which bank group an Active, Read, Write or Precharge command is being
applied. BGO also determines which mode register is to be accessed during a MRS cycle.

BAO-BA1

Input

Bank Address Inputs: BAO - BA1 define to which bank an Active, Read, Write or Precharge command is being
applied. Bank address also determines which mode register is to be accessed during a MRS cycle.

AO0-A15

Input

Address Inputs: Provide the row address for ACTIVATE Commands and the column address for Read/Write
commands to select one location out of the memory array in the respective bank. (A10/AP, A12/BC, RAS/A16,
CAS/A15 and WE/A14 have additional functions, see other rows. The address inputs also provide the op-code
during Mode Register Set commands.

A10/AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to determine whether Auto-precharge should
be performed to the accessed bank after the Read/Write operation. (HIGH: Auto-precharge; LOW: no Auto-
precharge). A10 is sampled during a Precharge command to determine whether the Precharge applies to one
bank (A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected by bank
addresses.

A12/BC

Input

Burst Chop: A12/BC is sampled during Read and Write commands to determine if burst chop (on-the-fly) will
be performed. (HIGH, no burst chop; LOW: burst chopped). See command truth table for details.

RESET

Input

Active Low Asynchronous Reset: Reset is active when RESET is LOW, and inactive when RESET is HIGH.
RESET must be HIGH during normal operation. RESET is a CMOS rail to rail signal with DC high and low at
80% and 20% of Vpp.
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Pin Description Table (Continued)

Symbol Type Function
Inout/ Data Input/Output: Bi-directional data bus. If CRC is enabled via Mode register, then CRC code is added at the
DQO-DQ63 gst“ | end of Data Burst. Any DQ from DQO~DQ3 may indicate the internal Ve level during test via Mode Register
PUL | Setting MR4 A4 = HIGH.
DQS0-DQS7, Input/ Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered in write data.
DQS0-DQS7 Output | DDR4 SDRAM supports differential data strobe only and does not support single-ended.
Command and Address Parity Input: DDR4 Supports Even Parity check in DRAMs with MR setting. Once it's
PARITY Inout enabled via Register in MR5, then DRAM calculates Parity with ACT, RAS/A16, CAS/A15, WE/A14, BG0-BG1,
P BAO-BA1, A16-A0. Input parity should maintain at the rising edge of the clock and at the same time with com-
mand & address with CS LOW.
Alert: It has multiple functions, such as CRC error flag, or Command and Address Parity error flag. If there is
Inout/ error in the CRC, then ALERT goes LOW for a period of time and goes back HIGH. If there is error in the Com-
ALERT Sptu ¢ mand Address Parity Check, then ALERT goes LOW for a relatively long period until on going DRAM internal
utpu recovery transaction to complete. During Connectivity Test mode, this pin works as input. Using this signal or
not is dependent on system. In case it is not connected, ALERT Pin must be connected to Vpp on the board.
SAO Inout This signal is tied at the system to either Vgg or Vppgpp to configure the serial temperature sensor address
P range.
SDA Input/ This bidirectional pin is used to transfer data into or out of the temperature sensor. An external resistor may be
Output | connected from the SDA bus line to Vppgpp to act as a pull-up on the system board.
scL Inout This signal is used to clock data into and out of the temperature sensor. An external resistor may be con-
npu nected from the SDA bus line to Vppgpp to act as a pull-up on the system board.
This signal indicates that a thermal event has been detected in the thermal sensing device.The system should
EVENT Output | guarantee the electrical level requirement is met for the EVENT pin on thermal sensing part. No pull-up
resister is provided on the MIP.
NC - No Connect.
RFU - Reserved for Future Use
Vpp Supply | Power Supply.
Vss Supply | Ground.
Vpp Supply | DRAM Activating Power Supply.
VREFCA Supply | Reference voltage for address/command inputs.
VppspPD Supply | Power supply for the Temperature Sensor.
V17 Supply | Termination voltage for address/command/control/clock nets.
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SMART® ST1026MP41W693HC

Modular Technologies February 12, 2019

DDR4 216-Pin Unbuffered Module in Package (MIP) Pin List

A Vit A16/RAS ODTO Vob Vss RFU Vss Vob
B CKEO Vbp CKO Vss DQ30 Vbp DQ28 Vss
Cc A14/WE CSo CKO DQ24 DQ26 DM6/DBI6 DQ54 DQ48
D A15/CAS Vss BGO DQS3 DQS3 Ves DQ52 DQ50
E AB Vb BA1 DQS7 DQS7 Vb DQ17 Vss
F BG1 A0 PARITY Vss DQ19 DM2/DBI2 DQ61 DQ57
G A10 Vss A13 DQ23 DQ21 Ves DQ63 DQ59
H A8 Vb A2 Vss DQ31 Vb DQ29 Vss
J BAO A1 A3 DQ25 DQ27 DM3/DBI3 DQ55 DQ51
K A9 A1 A5 DQS2 DQS2 Ves DQ53 DQ49
L A7 Vb A4 DQS6 DQS6 Vob DQ18 Vss
M A12 Vit ACT Vss DQ16 DM7/DBI7 DQ60 DQ58
N EVENT Vss scL DQ22 DQ20 Ves DQ62 DQ56
P ALERT VREFCA RESET Vpp Vss Vob Vss Vpp
R SA0 VpbpspDd SDA DQ14 DQ12 Vss DQ46 DQ40
T A12 Vit ACT Vss DQ8 DM5/DBI5 DQ44 DQ42
u A7 Vb A4 DQS4 DQS4 Vob DQ10 Vss
Vv A9 A1 A5 DQS1 DQSH1 Vss DQ37 DQ33
w BAO A11 A3 DQ1 DQ3 DMO/DBIO DQ39 DQ35
Y A8 Vop A2 Vss DQ7 Vbp DQ5 Vss
AA A10 Vss A13 DQ15 DQ13 Vss DQ47 DQ43
AB BG1 A0 PARITY Vss DQ11 DM1/DBIA DQ45 DQ41
AC A6 Vpp BA1 DQS5 DQS5 Vpp DQ9 Vss
AD A15/CAS Vss BGO DQS0 DQS0 Vss DQ36 DQ34
AE A14/WE CSso CKO DQO DQ2 DM4/DBl4 DQ38 DQ32
AF CKEO Vbp cKo Vss DQ6 Vb DQ4 Vss
AG Vit A16/RAS oDTO Vop Vss RFU Vss Vbp

Notes:
1. The pins in blue are not used on this part number. They should be left unconnected.
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Routing Guidelines

*  Point-to-point connection. All signals should be connected directly from the controller to the MIP unless ECC is
used. See the ECC section below for more details on how to route the signals when ECC is used.

+ Signal matching should follow the recommendations of the controller for a solder-down device.

* Address/control/command and clock signals should be matched together and referenced to Vpp.

+ Each data byte should be matched together. Data signals should be referenced to Vgg.

+ Data byte lanes can be swapped byte to byte. Bit swapping is only allowed at the nibble level.

+  Signals on the MIP are 60Q for single-ended and 100Q for differential with a tolerance of +10%.
+ All termination resistors are already placed on the MIP.

* Ryt termination is not required to be placed on the system.

« Decoupling and bulk capacitors placed near the MIP are required for all voltages.
+ If Address, Command, Control and Clock signals are referenced to Vgg on the system, capacitors must be

placed near the powers pins at the address inputs to provide a Vgg to Vpp return path.
* The voltage rails on the MIP are connected by capacitors as follows:

Vbp - Vss
V17 - Vop
VRrerca - Vbp
Vep - Vss
Vpopspp - Vss

ECC

It is possible to use ECC with the MIP. An additional ECC device should be installed on the opposite side of the
PCB. See the below image for an example.

ECC on Opposite Side of the MIP

ECC Block Diagram

The recommended routing procedure is to connect the controller in a daisy chain fashion first to the ECC device
and then to the MIP. Signal matching should follow the above Routing Guidelines.

DQO-DQ63, DQSO-DQS7, DAS0-DQS?, DMO/DBIO-DM7/DBIT R

~ »

AO-A16, BAO-BAT, BGO-BGT, PARITY. | | A0-A16, BAO-BA1, BGO-BG1, PARITY.

- - d MIP

ACT, ALERT, RESET ACT, ALERT, RESET
Memory > >
Controller €S0, CKEO, ODTO, CKO, CKO . 1Gx8  ©so, ckE, 0DTO, CKO, CKO -

Device "
CB0-CB7, DQS8, DQS8, DME/DBIS
a
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Block Diagram

Cs0
CKEO
oDTO I |
DQS0 DQS S CKE ODT DQS2 DQS S CKE ODT
DQS0 DQS DQS2 DQS
DMO/DBIO DM/DBI DM2/DBI2 DM/DBI
DQO 110 0 DQ16 110 0
DQt /0 1 DQ17 /0 1
DQ2 10 2 DQ18 /0 2
DQ3 wos Y10 DQ19 oz U0
DQ4 110 4 DQ20 IO 4
DQ5 10 5 DQ21 0 5
DQ6 110 6 pa22 — 1ios
DQ7 110 7 DQ23 110 7
YU f | — 2apn 12
DQS4 =1DQS S CKE ODT DQS7 = 1DQS S CKE ODT
___DQs4 DQS __DQs7 DQS
DM4/DBI4 DM/DBI DM7/DBI7 DM/DBI
DQ32 110 0 DQ56 110 0
DQ33 /0 1 DQ57 /0 1
DQ34 0 2 DQ58 /0 2
DQ35 s YT DQ59 oz U3
DQ36 /0 4 DQ60 /0 4
DQ37 0 5 DQ61 0 5
DQ38 110 6 DQ62 10 6
DQ39 110 7 DQ63 10 7
2400 £1£2 —— 2400 £1£9 ——
DQS1 DQS S CKE ODT DQS3 DQS S CKE ODT
___DQS1 DQS__ DQS3 DQS__
DM1/DBI1 DM/DBI DM3/DBI3 DM/DBI
DQ8 110 0 DQ24 10 0
DQY 10 1 DQ25 /0 1
DQ10 10 2 DQ26 /0 2
DQ11 oz Y20 DQ27 oz U0
DQ12 110 4 DQ28 IO 4
DQ13 110 5 DQ29 0 5
DQ14 10 6 DQ30 10 6
DQ15 110 7 DQ31 110 7
d00£184 TN o Y | —
DQS5 —DQS S CKE ODT DQS6 =DQS S CKE ODT
_ DQS5 DQS__ ___DQsS6 DQS__
DM5/DBI5 DM/DBI DM6/DBI6 DM/DBI
DQ40 110 0 DQ48 110 0
DQ41 /0 1 DQ49 IO 1
DQ42 110 2 DQ50 /0 2
DQ43 s Y2t DQ51 oz U
DQ44 110 4 DQ52 IO 4
DQ45 110 5 DQ53 0 5
DQ46 110 6 DQ54 10 6
DQ47 110 7 DQ55 110 7
2400 £71£9 2400 £71£9

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom « Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 ¢ Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2019 SMART Modular - Confidential 9



SMART® ST1026MP41W693HC
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Block Diagram (Continued)

_A0-A15 — > to all SDRAMSs (U1-U4)
WE/A14 — > to all SDRAMs (U1-U4)
CAS/A15 —— > to all SDRAMSs (U1-U4)

Temperature Sensor
SCL —ISer Voob— Vooseo RAS/A16 — to all SDRAMs (U1—U4;
)
)

oo ek BGO-BG1 — > to all SDRAMs (U1-U4

BAO-BA1 — P to all SDRAMs (U1-U4

u7 ACT — to all SDRAMs (U1-U4
ALERT — > to ball location B1

SAD —ADDO ERRI— EVENT PARITY — P to all SDRAMSs (U1-U4)

RESET — to all SDRAMs (U1-U4)

CS0 — to all SDRAMSs (U1-U4)

)

)

ODTO —» to all SDRAMs (U1-U4
CKEO — to all SDRAMSs (U1-U4

VDDSF’D - = u7

Vop == U1-U4 Clock Wiring
Vi —TF——F
VREFCA I U1-U4 CK Signals Clock Wiring
Vep = U1-U4
Vss T U1-U4,uU7 CKO0/CKO 4 SDRAMs (U1-U4)

Vop

CKO —WV——

CKO ———W——

Notes:
1. All address, command and control signal lines are terminated through a series resistor to V.

2. Ux 0 and Ux_1 represent the lower and upper dies in the DDP Ux. For example, U1_0 and U1_1 represent
lower and upper dies in the DDP U1.

3. Data bits may be swapped within a device. However, DQ/DQS/DM relationship must be maintained as shown
on page 9.

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom « Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 ¢ Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2019 SMART Modular - Confidential 10



SMART ST1026MP41W693HC

== Modular Technologies February 12, 2019

Physical Dimensions

216-Pin Unbuffered Module in Package (MIP)
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(All dimensions are in millimeters with £0.15mm tolerance unless specified otherwise.)
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State Diagram

fromany  RESET

Power

MRS,MPR,
Write Leveling
VrefDQ training

Reset
Procedure

Self
Refreshing

ZQ

» Refreshing
Calibration -

Connectivity
Test

- EmEEmmom ¢

ACT

CKE_L CKE_L

Write Read

Writing ?| Reading

PRE, PREA
Reading

PRE, PREA PRE, PREA

= mmmmm====== = «Prechargin
g = = = = m = P Automatic Sequence

———» Command Sequence
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Abbreviation Function Abbreviation Function Abbreviation Function
ACT Activate Read RD, RDS4, RDS8 PDE Enter Power-
Down
RDA, RDAS4, Enter Power-
PRE Precharge Read A RDAS8 PDX Down
. WR, WRS4, WRS8
PREA Precharge All Write with/without CRC SRE Self-Refresh Entry
WRA, WRAS4,
MRS Mode Register Set Write A WRASS8 with/with- SRX Self-Refresh Exit
out CRC
Refresh, Fine Start RESET Multi Purpose
REF Granularity Refresh RESET Procedure MPR Register
Boundary Scan
TEN Mode Enable
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Mode Registers

MRO
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BG, BA1-BAO MR Select 001 = MR! 1017 MRS
! 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
s | wmanaRTeEs e e e
A8 DLL Reset 0=No 1=Yes
A7 ™ 0 = Normal 1 =Test
A12, AB-A4, A2 CAS Latency? (See CAS Latency table)
A3 Read Burst Type 0 = Sequential 1 = Interleave
00 = 8 (Fixed)
A1-AO Burst Length e ‘(’;Iie(g)” the fly)
11 = Reserved
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

2. WR (write recovery for auto-precharge)min in clock cycles is calculated following rounding algorithm. The WR
value in the mode register must be programmed to be equal or larger than WRmin. The programmed WR
value is used with tgp to determine tpp, .

3. The table shows the encodings for Write Recovery and internal Read command to Precharge command delay.
For actual Write recovery timing, please refer to AC timing table. -

4. The table only shows the encodings for a given CAS Latency. For actual supported CAS Latencies, please
refer to the Speed Bin tables.

5. A13 for WR and RTP setting is optional for 4Gb.
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Write Recovery and Read to Precharge (Cycles)

A13 A11 A10 A9 WR RTP

0 0 0 0 10 5

0 0 0 1 12 6

0 0 1 0 14 7

0 0 1 1 16 8

0 1 0 0 18 9

0 1 0 1 20 10

0 1 1 0 24 12

0 1 1 1 22 11

1 0 0 0 26 13

1 0 0 1 Reserved | Reserved
1 0 1 0 Reserved | Reserved
1 0 1 1 Reserved | Reserved
1 1 0 0 Reserved | Reserved
1 1 0 1 Reserved | Reserved
1 1 1 0 Reserved | Reserved
1 1 1 1 Reserved | Reserved

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom « Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 ¢ Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2019 SMART Modular - Confidential

15



SMART

Modular Technologies

ST1026MP41W693HC

February 12, 2019

CAS Latency

A12 A11  A10 A9 WR CAS Latency

0 0 0 0 0 9

0 0 0 0 1 10

0 0 0 1 0 11

0 0 0 1 1 12

0 0 1 0 0 13

0 0 1 0 1 14

0 0 1 1 0 15

0 0 1 1 1 16

0 1 0 0 0 18

0 1 0 0 1 20

0 1 0 1 0 22

0 1 0 1 1 24

0 1 1 0 0 23

0 1 1 0 1 17

0 1 1 1 0 19

0 1 1 1 1 21

1 0 0 0 0 25

1 0 0 0 1 26

1 0 0 1 0 27

1 0 0 1 1 28

1 0 1 0 0 Reserved for 29
1 0 1 0 1 30

1 0 1 1 0 Reserved for 29
1 0 1 1 1 32

1 1 0 0 0 Reserved
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MR1
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BGO, BA1-BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
0 = Output buffer enabled
2
A12 Qoff 1 = Output buffer disabled
A11 TDAQS enable 0 = Disable 1 = Enable
A10-A8 RTT_NOM (See RTT_NOM table)
A7 Write Leveling Enable | 0 = Disable 1 =Enable
AG-A5 RFU 0 = must be programmed to 0 during MRS
. 00 = 0 (AL disabled) 10=CL-2
A4-A3 Additive Latency 01=CL -1 11 = Reserved
A2-A1 Output Driver (See Output Driver Impedance Control table)
Impedance Control
A0 DLL Enable 0 = Disable3 1 = Enable
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

2. Outputs disabled - DQs, DQSs, DQSs.
3

States reversed to “0 as Disable” with respect to DDRA4.
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RTT_NOM

A1 A10 A9 RTT_NOM
RTT_NOM Disable
RzQ/4
RzQ/2
RzQ/6
RzQ/1
RzQ/5
RzQ/3
RzQ/7

S A Al Al O] O] O] ©
= A O Of | ] O] ©

0
1
0
1
0
1
0
1

Output Driver Impedance Control

).V A1 Output Driver Impedance Control

0 0 RzQ/7
0 1 RzQ/5
1 0 Reserved
1 1 Reserved
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MR2
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BG, BA1-BAO MR Select 8% z m&; 1% z ,\'\222
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 Write CRC 0 = Disable 1 = Enable
RFU 0 = must be programmed to 0 during MRS
A11-A9 RTT_WR (See RTT_WR table)
A8, A2 RFU 0 = must be programmed to 0 during MRS
00 = Manual Mode (Normal Operating Temperature Range)
A7-A Low Power Auto Self- 01 = Manual Mode (Reduced Operati_ng Temperature Range)
Refresh (LP ASR) 10 = Manual Mode (Extended Operating Temperature Range)
11 = ASR Mode (Auto Self-Refresh)
A5-A3 CAS Write Latency (CWL) | (See CAS Write Latency table)
A1-A0 RFU 0 = must be programmed to 0 during MRS
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.
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RTT_WR

A1l A10 A9 RTT_WR
0 0 0 Dynamic ODT off
0 0 1 RzQ/2
0 1 0 RzQ/1
0 1 1 Hi-Z
1 0 0 RzQ/3
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

CWL (CAS Write Latency)

Speed Grade in MT/s for Speed Grade in MT/s for

1 tck Write Preamble 2 tck Write Preamble
0 0 0 9 1600
0 0 1 10 1866
0 1 0 1 2133 1600
0 1 1 12 2400 1866
1 0 0 14 2666 2133 2400
1 0 1 16 3200 2400 2666 2400
1 1 0 18 2666 3200 2666
1 1 1 20 3200 3200

Notes:
1. The 2 tck Write Preamble is valid for DDR4-2400/2666/3200 Speed Grade. For the 2nd Set of 2 tc Write Pre-

amble, no additional CWL is needed.
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MR3
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BG, BA1-BAO MR Select 8% z m&; 1% z ,\'\222
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
AT2-ATT MPR Read Format 8? z ﬁ::i:l:el 1? ; Izs{faas%%;szemperature
A10-A9 Write CMD Latency when | (See Write Command Latency when CRC and DM are both
CRC and DM are enabled | Enabled table)
A8-A6 Fine Gra”,\‘/‘l':c;i;y Refresh | see Fine Granularity Refresh Mode table)
A5 Temperature Sensor | 4 _ pyigapjed 1 = Enabled
Readout
A4 Per DRAM Addressability | 0 = Disable 1 =Enable
A3 Geardown Mode 0 =1/2 Rate 1=1/4 Rate
A2 MPR Operation 0 = Normal 1 = Dataflow from/to MPR
00 = Serial 10 = Staggered
A1-A0 MPR Page Selection 01 = Parallel 11 = Reserved Temperature
(See MPR Data Format section)
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.
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Fine Granularity Refresh Mode

Fine Granularity

A8 AT A6 Refresh
0 0 0 Normal (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved
1 0 0 Reserved
1 0 1 Enable on the fly 2x
1 1 0 Enable on the fly 4x
1 1 1 Reserved

Write Command Latency when CRC and DM are both Enabled

e s R Bt Speed Bin (in MT/s)

Command Latency

0 0 4 nCK 1600
0 0 5nCK 1866, 2133, 2400
0 1 6 nCK TBD
0 1 RFU RFU

MPR Data Format
MPR page 0 (Training Pattern)

Address MPR Location [7]

00 = MPRO 0 1 0 1 0 1 0 1

01 = MPR1 0 0 1 1 0 0 1 1 :
BA1-BAO Read/Write

10 = MPR2 0 0 0 0 1 1 1 1 | (default value)

11 = MPR3 0 0 0 0 0 0 0 0
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MPR page 1 (C/A Parity Error Log)

Address  MPR Location  [7] [6] 5] [4 [31 [ [ [0] Note
00=MPRO | A[7] | A[6] | A5l | A4l | AB] | A2l | A1 | Af0]

01 = MPR1 %z/ WE/A14 | A[13] | A[12] | A[11] | A[10] | A[9] | A[8]

BA1-BAO 10=MPR2 | PAR | ACT |BG[1]|BG[0] | BA[1] | BA[0] | A[17] RA’?%/ Read-Only

crc | CA CI/A Parity Latency*

_ Parity
11 = MPR3 Error Error | MR5. | MR5. | MR5. C[2] | C[1] | CIO]

Status | giatus | AR2] | AM] | AO]

Notes:

1. MPR used for C/A parity error log readout is enabled by setting A[2] in MR3.

2. For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as don’t care.

3. Ifadevice is used in monolithic application, where C[2:0] are not used, then MPR3[2:0] should be treated as
don’t care.

4. MPR3 bit 0~2 (C/A parity latency) reflects the latest programmed C/A parity latency values.

MPR page 2 (MRS Readout)

MPR

Address | o (71 [6] 5] [4] Bl 2 M [0]
Temperature CRC
PPR sPPR |RTT_WR/| Sensor Status Write RTT_WR
00 = MPRO (See table below) | Enable
- - MR2 - - MR2 MR2
- - A11 - - A12 A10 A9
Vrer DQ Gear-
Training Vrer DQ Training Value down
01=MPR1 | Range Enable
BA1-BAO MR6 MR6 MR3 gi%d'
A6 A5 A4 A3 A2 A1 AO A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO MR2
A6 A5 A4 A2 A12 A5 A4 A3
RTT_NOM RTT_PARK Driver Impedance
11 = MPR3 MR1 MR5 MR2
A10 A9 A6 A8 A7 A6 A2 A1
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MR bit for Temperature

MR3 bit A5=1: DRAM updates the temperature sensor status to MPR Page 2 (MPRO bits A4:A3). Temperature
data is guaranteed by the DRAM to be no more than 32ms old at the time of MPR Read of the
Temperature Sensor Status bits.

MR3 bit A5=0: DRAM disables updates to the temperature sensor status in MPR Page 2(MPRO-bit A4:A3)

MPRO bit A4 MPRO bit A3 Refresh Rate Range

0 0 Sub 1X Refresh (> trer)
0 1 1X Refresh Rate (= trep))

1 0 2X Refresh Rate (1/2 * trgg))
1 1 Reserved

MPR page 3 (Vendor Use Only)

Address MPRLocation [7] [6] [51 1[4 [31 [21 [ [0] Note

Don’t | Don’t | Don’'t | Don’'t | Don’'t | Don’'t | Don’'t | Don’t
Care | Care | Care | Care | Care | Care | Care | Care

Don’t | Don’t | Don’'t | Don’'t | Don’'t | Don’'t | Don’'t | Don’t

01=MPR1 Care | Care | Care | Care | Care | Care | Care | Care
BA1-BAO , , - ; ; ; ; — Read-Only
10 = MPR2 Don’t | Don’t | Don’t | Don’t | Don’'t | Don’'t | Don’'t | Don’t

Care | Care | Care | Care | Care | Care | Care | Care
Don’t | Don’t | Don’t | Don’t

11 = MPR3 Care | care | Care | Care MAC | MAC | MAC | MAC

00 = MPRO

Notes:
1. MPR page 3 is specifically assigned to DRAM. Actual encoding method is vendor specific.
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MR4
Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS

000 = MRO 100 = MR4
BG, BA1-BAO MR Select 8% z m&; 1% z ,\'\222

011 = MR3 111 = RCW'

A17 RFU 0 = must be programmed to 0 during MRS

A13 PPR 0 = Disable 1= Enable

A12 Write Preamble 0=1nCK 1=2nCK

A1 Read Preamble 0=1nCK 1=2nCK

A10 Read Preamble Training 0 = Disable 1 = Enable

Mode

A9 Self-Refresh Abort 0 = Disable 1 = Enable

000 = Disable 100=6
pas | SSOMDDDR 0o, 10 = Reserved

011=5_ 111 = Reserved
(See CS to CMD/ADDR Latency Mode Setting table)

A5 sPPR 0 = Disable 1= Enable

A4 Internal Vggg Monitor | 0 = Disable 1 = Enable

A3 Temperature Lontrolled | g = pisable 1= Enable

A2 Temgi;f;iaesa%rgf"e" 0 = Normal 1= Extended

A1 Maximum Power Down |  _ pisaple 1= Enable

Mode
AO RFU 0 = must be programmed to 0 during MRS
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.
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CS to CMD/ADDR Latency Mode Setting

>
o

>
N

A6

CAL

Disable

3

8

Reserved

S A Al Al O] O] O] ©

= A O Of | ] O] ©

0
1
0
1
0
1
0
1

Reserved
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MR5
Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS

000 = MRO 100 = MR4
BG, BA1-BAO MR Select 8% z m&; 1% z ,\'\222

011 = MR3 111 = RCW'

A17 RFU 0 = must be programmed to 0 during MRS

A13 RFU 0 = must be programmed to 0 during MRS

A12 Read DBI 0 = Disable 1 = Enable

A1 Write DBI 0 = Disable 1 = Enable

A10 Data Mask 0 = Disable 1 = Enable

A9 C/A Parity Persistent Error | 0 = Disable 1 = Enable

A8-A6 RTT_PARK (See RTT_PARK table)
A5 ODT Input Buffer during | 0 = ODT Input Buffer !s activa_ted
Power Down Mode 1 = ODT Input Buffer is deactivated
Ad C/A Parity Error Status | 0 = Clear 1 =Error
A3 CRC Error Clear 0 = Clear 1 = Error
A2-A0 C/A Parity Latency Mode | (See C/A Parity Latency Mode table)
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.
2. When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.
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RTT_PARK
A8 A7 A6 RTT_PARK
0 0 0 RTT_PARK Disable
0 0 1 RzQ/4
0 1 0 RzQ/2
0 1 1 RzQ/6
1 0 0 RzQ/M
1 0 1 RzQ/5
1 1 0 RzQ/3
1 1 1 RzQ/7

C/A Parity Latency Mode

A5 Ad A3 PL Speed Bin (in MT/s)
0 0 0 Disable

0 0 1 4 1600, 1866, 2133
0 1 0 5 2400

0 1 1 6 RFU

1 0 0 8 RFU

1 0 1 Reserved

1 1 0 Reserved

1 1 1 Reserved

Notes:
1. Parity latency must be programmed according to the timing parameters in the speed grade table.
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MR6
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BG, BA1-BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12-A10 tCCD_L (See tCCD_L table)
A9-A8 RFU 0 = must be programmed to 0 during MRS
- 0 = Disable (Normal Operation Mode)
AT VrerDq Training Enable 1 = Enable (Training Mode)
A6 VRerpq Training Range | (See Vrgppq Training: Range table)
A5-A0 VRerDq Training Value | (See Vrgppq Training: Values table)
Notes:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1-BAO = 111 and
doesn’t respond. When RFU MR code setting is inputted, DRAM operation is not defined.

tcep L & toLk

tpLLkmin (nCK)'

0 0 0 4 Data rate < 1333Mbps
0 0 1 5 597 1333Mbps< Data rate < 1866Mbps
(1600/1866Mbps)
1866Mbps< Data rate < 2400Mbps
0 1 0 6 768 (2133/2400Mbps)
0 1 1 <TBD
1024
1 0 0 8 <TBD
1 0 1
1 1 0 Reserved
1 1 1
Notes:

1. tcep_L/toLk should be programmed according to the value defined in AC parameter table per operating fre-

quency.
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VRrerpq Training: Values

VRrEerDq Training: Range

A6 VRrerpq Range
0 Range 1
1 Range 1

A5-A0 Range 1 Range 2 - A5-A0 Range 1 Range 2
00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 01 1011 77.55% 62.55%
00 0010 61.30% 46.30% 01 1100 78.20% 63.20%
00 0011 61.95% 46.95% 011101 78.85% 63.85%
00 0100 62.60% 47.60% 011110 79.50% 64.50%
00 0101 63.25% 48.25% 01 1111 80.15% 65.15%
000110 63.90% 48.90% 10 0000 80.80% 65.80%
000111 64.55% 49.55% 10 0001 81.45% 66.45%
00 1000 65.20% 50.20% 10 0010 82.10% 67.10%
00 1001 65.85% 50.85% 10 0011 82.75% 67.75%
00 1010 66.50% 51.50% 10 0100 83.40% 68.40%
00 1011 67.15% 52.15% 10 0101 84.05% 69.05%
00 1100 67.80% 52.80% 10 0110 84.70% 69.70%
00 1101 68.45% 53.45% 10 0111 85.35% 70.35%
00 1110 69.10% 54.10% 10 1000 86.00% 71.00%
00 1111 69.75% 54.75% 10 1001 86.65% 71.65%
01 0000 70.40% 55.40% 10 1010 87.30% 72.30%
01 0001 71.05% 56.05% 10 1011 87.95% 72.95%
010010 71.70% 56.70% 10 1100 88.60% 73.60%
010011 72.35% 57.35% 10 1101 89.25% 74.25%
010100 73.00% 58.00% 10 1110 89.90% 74.90%
010101 73.65% 58.65% 10 1111 90.55% 75.55%
010110 74.30% 59.30% 11 0000 91.20% 76.20%
010111 74.95% 59.95% 11 0001 91.85% 76.85%
011000 75.60% 60.60% 11 0010 92.50% 77.50%
01 1001 76.25% 61.25% 11 0011 to 11 1111 Reserved Reserved

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom « Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 ¢ Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2019 SMART Modular - Confidential 30



SMART® ST1026MP41W693HC

Modular Technologies February 12, 2019

Truth Tables
Command Truth Table

a. Notes 1-4 apply to the entire Command Truth Table.
b. Note 5 applies to all Read/Write command. .
[BG= Bank Group Address, BA= Bank Address, RA= Row Address, CA = Column Address, BC = Burst chop, X = Don’t care, V = Valid]

Command Truth Table

CKE S I
Abbrevi — —— RAS/ CAS/ WE/ BGO- BA0- C2- A12
Function i CS ACT —
ol M et A16 A15 A14 BG1 BA1 CO J/BC
s Cycle Cycle
Mode Register Set| MRS H H L|H]| L L | L |BG|BA]|V OP Code 12
Refresh REF H H L | H | L L |H | V V| Vv| Vv]vVv ] [v][ v
Self-Refresh Entry | SRE H L L|H | L L |H| V Vv |V |V vV Vv ] 7o
H | X | X X | X | X X | X | X | X | X | X |789
Self-Refresh Exit | SRX L H AL
L | H H H H v v vV | Vv v vV | v 10
Single Bank Pre- | pop H H L|H| L H|lL|Bs|BA |V V]V |L|V
charge
Precharge Al PREA H H L|H| L H | L | v v iv|iv]|v |H|V
Banks
RFU RFU H H L|H | L H | H RFU
Bank Activate ACT H H L L Row Address (RA) | BG BA \% Row Address (RA)
Write (Fixed BL8 WR H H L|H| H L |L|Be|BA|V]|V]V | L]|caA
or BC4)
\éY;';e(BC‘m”the WRS4 | H H LlH| H | L |loLlB|Balv]|iL|vVv]|L]|ca
\éY;';e(B"B‘ onthe | \wrss | H H LlH| H ]| L |lLlB|BAa|vVv | H|V]|L]|cA
Write with Auto-
Precharge (Fixed | WRA H H L|H]| H L |L|Be|BA|V]|V]|V |H]|cCA
BL8 or BC4)
Write with Auto-
Precharge (BC4, | WRAS4 | H H L|H|H L |L|B|BA|V]|L|V |H]|cCA
on the Fly)
Write with Auto-
Precharge (BL8, |WRAS8| H H L|H|H L |L|Be|BA|V|H| V |H]|cCA
on the Fly)
Read (Fixed BL8 RD H H L|H| H L |H|Be|BA|V]|V]V | L] |caA
or BC4)
E;")"d(BCA"mthe RDS4 H H L|H|H L |H|B|BA|V|L| VI |L]|caA
E;")"d (BL8,onthe | phsg H H L|H|H L |H|BE|BA|V|H| V |L]|cA
Read with Auto-
Precharge (Fixed | RDA H H L|H]| H L |H|BE|BA|V]|V]|V |H]|CA
BL8 or BC4)
Read with Auto-
Precharge (BC4, | RDAS4 | H H L|H]| H L |H|BE|BA|V]|L|V |H]|CA
on the Fly)
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Command Truth Table

CKE SR e—
Abbrevi — —— RAS/ CAS/ WE/ BGO- BAO- C2- A12

Functio - Cs AcT
unction A | TR | R A16 A15 A14 BG1 BA1 CO /BC

s Cycle Cycle

Read with Auto-

Precharge (BLS, RDASS8 H H L H H L H BG BA \Y, H Y, H | CA

on the Fly)

No Operation NOP H H L H H H H Vv Vv Y, Y Y, Y, Vv 10
Device Dese- DES H H H X X X X X X X X X X X

lected

Power-Down PDE H L H X X X X X X X X X X X 6
Entry

Power-Down Exit PDX L H H X X X X X X X X X X X 6
ZQ Calibration zacL H H L H H H L Vv \Y; \Y; Y, \Y H \

Long

ZQ Calibration zacs H H L H H H L Vv \Y; \Y; Y, \Y L \

Short

Notes:

1. AllDDR4 SDRAM commands are defined by states of CS, ACT, RAS/A16, CAS/A15, WE/A14 and CKE at the rising edge of the clock. The
MSB of BG, BA, RA and CA are device density and configuration dependant. When ACT = H; pins RAS/A16, CAS/A15, and WE/A14 are
used as command pins RAS, CAS, and WE respectively. When ACT = L; pins RAS/A16, CAS/A15, and WE/A14 are used as address pins
A16, A15, and A14 respectively

RESET is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.

Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank group to be operated upon. For MRS com-
mands the BG and BA selects the specific Mode Register location.

4.  “V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”.

5. Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.

6. The Power Down Mode does not perform any refresh operation.
7
8

w N

The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.
. Controller guarantees Self-Refresh exit to be synchronous.
9. Vpp and Vger(VrRerca) Mmust be maintained during Self-Refresh operation.
10. The No Operation command should be used in cases when the DDR4 SDRAM is in Gear Down Mode and Max Power Saving Mode Exit
11. Refer to the CKE Truth Table for more detail with CKE transition.
12. During a MRS command A17 is Reserved for Future Use and is device density and configuration dependent.
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CKE Truth Table

) — Command (N)® B
Current State _—— — — Action (N)
Previous Cycle1 (N-1) Current Cycle1 (N) RAS, CAS, WE, CS
L L X Maintain Power-Down 14, 15
Power-Down
L H DESELECT Power-Down Exit 11,14
L L X Maintain Self-Refresh 15, 16
Self-Refresh
L H DESELECT Self-Refresh Exit 8,12, 16
Bank(s) Activate H L DESELECT Active Power-Down Entry 11, 13, 14
Reading H L DESELECT Power-Down Entry 11, 13, 14,17
Writing H L DESELECT Power-Down Entry 11,13, 14,17
Precharging H L DESELECT Power-Down Entry 11, 13, 14,17
Refreshing H L DESELECT Precharge Power-Down Entry 11
H L DESELECT Precharge Power-Down Entry 11,13, 14,18
All Banks Idle
H L REFRESH Self-Refresh 9,13,18
For more details with all signals, see Command Truth Table on page 31. 10
Notes:
1. CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.
2. Current state is defined as the state of the DDR4 SDRAM immediately prior to clock edge N.
3.  COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N),ODT is not included here.
4. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
5. The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.
6. During any CKE transition (registration of CKE H->L or CKE L->H), the CKE level must be maintained until 1nCK prior to tcxgmin being

satisfied (at which time CKE may transition again).

DESELECT and NOP are defined in the Command Truth Table.

8.  On Self-Refresh Exit DESELECT commands must be issued on every clock edge occurring during the tyg period. Read or ODT com-
mands may be issued only after tygp, | is satisfied.

9. Self-Refresh mode can only be entered from the All Banks Idle state.

10. Must be a legal command as defined in the Command Truth Table.

11.  Valid commands for Power-Down Entry and Exit are DESELECT only.

12. Valid commands for Self-Refresh Exit are DESELECT only except for Gear Down mode and Max Power Saving exit. NOP is allowed for
these 2 modes.

13. Self-Refresh can not be entered during Read or Write operations.

14. The Power-Down does not perform any refresh operations.

15. “X” means “don’t care” (including floating around VREF) in Self-Refresh and Power-Down. It also applies to Address pins.

16. Vpp and VRgrca Must be maintained during Self-Refresh operation.

17. If all banks are closed at the conclusion of the read, write or precharge command, then Precharge Power-Down is entered, otherwise
Active Power-Down is entered.

18. ‘Idle state’ is defined as all banks are closed (trp, tpaL, etc. satisfied), no data bursts are in progress, CKE is high, and all timings from pre-
vious operations are satisfied (tyrp, tmop: trrc, tzainit tzaoper tzacs. etc.) as well as all Self-Refresh exit and Power-Down Exit parame-

ters are satisfied (tyg, txp etc.)

N
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Rounding Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For
example, a system may use a memory clock with a nominal frequency of 933.33... MHz, or a clock period of
1.0714... ns. Similarly, a system with a memory clock frequency of 1066.66... MHz yields mathematically a clock
period of 0.9375... ns. In most cases, it is impossible to express all digits after the decimal point exactly, and round-
ing must be done because the DDR4 SDRAM specification establishes a minimum granularity for timing parame-
ters of 1 ps.

Rules for rounding must be defined to allow optimization of device performance without violating device parame-
ters. These algorithms rely on results that are within correction factors on device testing and specification to avoid
losing performance due to rounding errors.

These rules are:
+  Clock periods such as tckaygmin are defined to 1 ps of accuracy; for example, 0.9375... ns is defined as 937

ps and 1.0714... ns is defined as 1071 ps.
* Using real math, parameters like tyomin, tgcpmin, etc. which are programmed in systems in numbers of clocks

(nCK) but expressed in units of time (in ns) are divided by the clock period (in ns) yielding a unitless ratio, a
correction factor of 2.5% is subtracted, then the result is set to the next higher integer number of clocks:
nCK = ceiling [(parameter_in_ns / application_tck_in_ns) - 0.025]

+ Alternatively, programmers may prefer to use integer math instead of real math by expressing timing in ps,
scaling the desired parameter value by 1000, dividing by the application clock period, adding an inverse cor-
rection factor of 97.4%, dividing the result by 1000, then truncating down to the next lower integer value:

nCK = truncate [{(parameter_in_ps x 1000) / (application_tck_in_ps) + 974} / 1000]

» Either algorithm yields identical results.
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Absolute Maximum Ratings
Absolute Maximum DC Ratings

Symbol Parameter Rating Units Notes
Vpp Voltage on Vpp relative to Vgg -0.3~1.5 \Y 1,3
Vpp Voltage on Vpp relative to Vgg -0.3~3.0 \ 1,4
ViN, VouT | Voltage on any pin relative to Vgg -0.3~15 \ 1
Vopspeb Voltage on Vppgpp relative to Vgg -05~4 \Y 1
Tste Storage Temperature -55to +100 °C 1,2
Notes:

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

Storage Temperature is the case surface temperature on the center/top side of the DRAM.

Vreg must be not greater than 0.6 * Vpp. When Vpp is less than 500 mV, Vgrgg may be less than or equal to

300 mV.
4. Vpp must be equal or greater than Vpp at all times.

Sl

Recommended DC Operating Conditions

Rating
Parameter Units Notes
i Typical
Vbp Supply Voltage 1.14 1.2 1.26 \% 1,2
Vpp Supply Voltage for Output 2.375 2.5 2.75 \% 1
Vbpsed Temperature Sensor Supply Voltage 1.4 250r3.3 3.6 \%
V17 Termination Voltage 0.57 0.6 0.63 \% 2
Vgs Ground 0 0 0 vV
Notes:
1. DC bandwidth is limited to 20MHz.
2. VTT = VDD/2
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Operating Temperature Range

Symbol Parameter Units Notes
Toper Normal Operating Temperature Range (Case) 0to 85 °C 1,2
Extended Operating Temperature Range (Case) 8510 95 °C 1,3
Notes:

1. Operating Temperature Topgr is the case surface temperature on the center/top side of the DRAM.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported.
During operation, the DRAM case temperature must be maintained between 0 °C and 85 °C under all operat-
ing conditions.

3. Some applications require operation in the Extended Temperature Range between 85 °C and 95 °C. Full spec-
ifications are supported in this range, but the following additional conditions apply:

a) Refresh commands must be doubled in frequency, therefore reducing the Refresh interval tgrgp, to 3.9ps.
It is also possible to specify a component with 1X refresh (tggg, to 7.8ps) in the Extended Temperature
Range.

b) If Self-Refresh operation is required in the Extended Temperature Range, then it is mandatory to either
use the Manual Self-Refresh mode with Extended Temperature Range capability (MR2 A6 = 1b and
MR2 A7 = 0b). DDR4 SDRAMSs support Auto Self-Refresh and Extended Temperature Range.

Temperature Sensor Characteristics

Test Condition

Range -40 - 125 °C
-25°Cto85°C - 0.5 +2 °C
Accuracy
-40°Cto125°C - +1 +3 °C
Resolution - 0.0625 - °C
Conversion Time' Worst Case Conversion Time - 26 35 ms
Notes:

1. Using a 12-bit resolution.

Refresh Parameters

Parameter

O oC < TCASE < 85 OC 78 US
Average periodic refresh interval tReF
85°C<Tcase£95°C 3.9 us
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Differential AC and DC Input Levels for CK-CK

DDR4-2666
Symbol Parameter Units Notes
Min Max
V|HDIFF Differential input logic high TBD Note 3 Vv 1
V\LDIFF Differential input logic high Note 3 TBD V 1
Vinpirr(AC) | AC input logic high 2* (VIH(AC) - VReF) Note 3 v 2
ViLpirr(AC) | AC input logic low Note 3 2* (V(AC) - VReF) v 2

Notes:

1. Used to define a differential signal slew-rate.

2. For CK/CK, use V|H/V||_(AC) of ADD/CMD and VREFCA'

3. These values are not defined, however the single-ended signals CK, CK, need to be within the respective limits
(V|x(DC) max, V| (DC) min) for single-ended signals as well as the limitations for overshoot and undershoot.

Single-Ended Levels for CK-CK

DDR4-2666
Symbol Parameter . Units  Notes
VseH Single-ended high-level for CK-CK TBD Note 3 v 1,2
VgL Single-ended low-level for CK-CK Note 3 TBD v 1,2
Notes:

1. For CK/CK, use Vj,/V, (AC) of ADD/CMD.
2. V|H(AC)/V||_(AC) for ADD/CMD is based on VREFCA'

3. These values are not defined, however the single-ended signals CK, C_K, need to be within the respective limits
(V|x(DC) max, V| (DC) min) for single-ended signals as well as the limitations for overshoot and undershoot.
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AC Overshoot/Undershoot Specification for Address and Control Pins

Parameter Symbol DDR4-2666 Units Notes
Maximum peak amplitude above Vgg Vaosp 0.06 \
Upper boundary of overshoot area Appg1 Vaos Vpp +0.24 \Y; 1
Maximum peak amplitude allowed for undershoot Vaus 0.30 V
Maximum overshoot area per 1 tck above Vg Anos2 0.0055 V-ns
Maximum overshoot area per 1 tck between Vpp and Vpos | Aaost 0.1699 V-ns
Maximum undershoot area per 1 tck below Vgg Apus 0.1762 V-ns
(A0-A13, A17, BG0-BG1, BA0-BA1, ACT, RAS/A16, CAS/A15, WE/A14, CS, CKE, ODT, C0-C2)

Notes:
1. The value of Vpng matches Vpp absolute max as defined in the Absolute Maximum DC Ratings if Vpp equals

Vpp max as defined in Recommended DC Operating Conditions. If Vpp is above the recommended operating
conditions, Vpng remains at Vpp absolute max as defined in the Absolute Maximum DC Ratings.

\\;AOSP Anos2
AOS Anos1
o VoD 11CK
VSS
Aaus
Vaus
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AC Overshoot/Undershoot Specification for Clock

Parameter Symbol DDR4-2666 Units Notes
Maximum peak amplitude above Vgg Veosp 0.06 V
Upper boundary of overshoot area Acpg Vcos Vpp +0.24 \Y; 1
Maximum peak amplitude allowed for undershoot Veus 0.30 V
Maximum overshoot area per 1 Ul above Vgg Acos2 0.0025 V-ns
Maximum overshoot area per 1 Ul between Vpp and Vg Acos1 0.0750 V-ns
Maximum undershoot area per 1 Ul below Vgg Acus 0.0762 V-ns
(CK, CK)
Notes:

1. The value of Vcgg matches Vpp absolute max as defined in the Absolute Maximum DC Ratings if Vpp equals
Vpp max as defined in Recommended DC Operating Conditions. If Vpp is above the recommended operating
conditions, Vcpg remains at Vpp absolute max as defined in the Absolute Maximum DC Ratings.

t//COSP ACOSZ
CcOS Acos1
Volts VDD
v)
VSS
Acus
Vcus
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AC Overshoot/Undershoot Specification for Data, Strobe and Mask

Parameter Symbol DDR4-2666 Units Notes
Maximum peak amplitude above Vgg Vbosp 0.16 \
Upper boundary of overshoot area Appg1 Vbos Vpp +0.24 \Y; 1
Maximum peak amplitude allowed for undershoot Vpus 0.30 V 2
Maximum peak amplitude allowed for undershoot Vpusp 0.10 \%
Maximum overshoot area per 1 tck above Vg Aposo 0.0100 V-ns
Maximum overshoot area per 1 tck between Vpp and Vpos | Apost 0.0700 V-ns
Maximum undershoot area per 1 tck below Vgg Apus1 0.0700 V-ns
Maximum undershoot area per 1 tck below Vgg Apus2 0.0100 V-ns

(DQ, CB, DQS, DQS, DM, DBI, TDQS, TDQS)

Notes:
1. The value of Vpog matches (V |y, VoyT) max as defined in the Absolute Maximum DC Ratings if Vpp equals

Vpp max as defined in the Recommended DC Operating Conditions. If Vg is above the recommended oper-
ating conditions, Vpgg remains at (V |y, Vout) max as defined in the Absolute Maximum DC Ratings.
2. The value of Vpyg matches (V|y, Voyt) min as defined in the Absolute Maximum DC Ratings.

Q//DOSP # - ADOSZ
DOS Apos1
VDD —
Volts
(V) Vss - 1 Ul -
Vpus ; Apus1
Vpusp Apus2
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Cross Point Voltage for Differential Input Signals (CK-&)
DDR4-2666

Parameter

Area of VSEH' VSEL TBD TBD TBD TBD

Differential Input Cross
Vx(CK) Point Voltage relative to TBD TBD TBD TBD
Vpp/2 for CK, CK

VDD

CK_t
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Single-Ended AC & DC Output Levels

Symbol Parameter DDR4-2666 Units Notes

Von(DC) | DC output high measurement level (for IV curve linearity) 1.1* Vpp

Vom(DC) | DC output mid measurement level (for IV curve linearity) 0.8*Vpp Y

VoL(DC) | DC output low measurement level (for IV curve linearity) 0.5* Vpp Y

Von(AC) | AC output high measurement level (for output SR) (0.7 +0.15) * Vpp Y 1

VoL(AC) | AC output low measurement level (for output SR) (0.7-0.15) * Vpp v 1
Notes:

1. The swing of £ 0.15 * Vpp is based on approximately 50% of the static single-ended output peak-to-peak swing
with a driver impedance of RZQ/7Q and an effective test load of 50Q to V11 = Vpp.

Differential AC & DC Output Levels

DDR4-2666
Symbol  Parameter Units Notes
Min
Voudiit(AC) | AC differential output high measurement level (for output SR) 0.3* Vpp Y, 1
VoLqi(AC) | AC differential output low measurement level (for output SR) -0.3 * Vpp \Y; 1
Notes:

1. The swing of + 0.3 * Vpp is based on approximately 50% of the static differential output peak-to-peak swing
with a driver impedance of RZQ/7Q and an effective test load of 50Q to V1 = Vpp at each of the differential
outputs.
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Device Standard Speed Bins

DDR4-2666 Speed Bins

Speed Bin DDR4-2666
CL - nRCD - nRP 19-19-19 Units Notes
Parameter i Max
Internal read command to first data tan 13.75 18 ns 7
Internal read command to first data with tan DEI taa(min) + | taa(max) + ns 7
read DBI enabled - 3nCK 3nCK
ACT to internal read or write delay time trcD 13.75 - ns 7
PRE command period trRp 13.75 - ns 7
ACT to ACT or REF command period trc 45.75 - ns 7
ACT to PRE command period tras 32 9 " tReF ns 7
Normal Read DBI tck(avg)
CWL=9 CL=9 CL =11 toxang) Reserved ns 4
CL=10 CL=12 1.5 1.6 ns 1,2,3,5,6,8
CL=10 CL=12 Reserved ns 4
CWL=9, 11 CL=11 CL=13 tck(avg) 1.25 <15 ns 1,2,3,5
CL=12 CL=14 1.25 <15 ns 1,2,3,5
CL=12 CL=14 Reserved ns 4
CWL =10, 12 CL=13 CL=15 tck(avg) 1.071 <1.25 ns 1,2,3,5
CL=14 CL=16 1.071 <1.25 ns 1,2,3,5
CL=14 CL=17 Reserved ns 4
CWL=11,14 CL=15 CL=18 tck(avg) 0.937 <1.071 ns 1,2,3,5
CL=16 CL=19 0.937 <1.071 ns 1,2,3,5
CL=15 CL=18 Reserved ns 4
CWL = 12, 16 CL=16 CL=19 toxang) Reserved ns 4
CL=17 CL=20 0.833 < 0.937 ns 1,2,3
CL=18 CL =21 0.833 < 0.937 ns 1,2,3
Supported CL Settings 10, 111;21;31;4235 16, Nck
Supported CL Settings with read DBI 12 1323421152;62;8 19, NcK
Supported CWL Settings 9,10, 11,12, 14, 16, 18 NcK
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Speed Bin Tables Notes

Absolute Specification
-Vpp = 1.20V +/- 0.06 V

- Vpp = 2.5V +0.25/-0.125 V/

- The values defined with the above mentioned table are the case where DLL ON.
- DDR4-2400 Speed Bin Table is valid only when Geardown Mode is disabled.

1.

ok

o

The CL setting and CWL setting result in tck(aygymin and teokavgymax requirements. When making a selection
of tck(avg): Poth need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.
tck(avg)min limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the
DLL - all possible intermediate frequencies may not be guaranteed. CL in clock cycle is calculated from tpp fol-
lowing Rounding Algorithm section

tck(avgymax limits: Calculate tok(avg) = taamax / CL SELECTED and round the resulting tcy avg) down to the
next valid speed bin (i.e. 1.5ns or 1.25ns or 1.071 ns or 0.937 ns or 0.833 ns). This result is tckaygymax corre-
sponding to CL SELECTED.

‘Reserved’ settings are not allowed. User must program a different value.

Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the table which
are not subject to Production Tests but verified by Design/Characterization.

DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

Parameters apply from tcy avg)Min to tekavgymax at all standard JEDEC clock period values as stated in the
Speed Bin Tables.

DDR4 SDRAM supports CL = 9 as long as a system meets tpa(min).
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Device Timing Parameters by Speed Bin

DDR4-2666

Parameter Units Notes
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tekoLL oFF) 8 20 ns
Average Clock Period tek(avg) 0.833 <0.937 ns 35, 36
Average HIGH Pulse Width tcH(avg) 0.48 0.52 tckavg)
Average LOW Pulse Width tcLavg) 0.48 0.52 tcK(avg)

t min + t max +
Absolute Clock Period tCK(abs) tj:((:::jitotmin tle((?::;itotmax tCK(avg)
Absolute Clock HIGH Pulse Width tcH(abs) 0.45 - tckavg) 23
Absolute Clock LOW Pulse Width tcL(abs) 0.45 - tckavg) 24
Clock Period Jitter - Total taIT(per)_tot -42 42 ps 25
Clock Period Jitter - Deterministic tm(perLdJ -21 21 ps 26
Clock Period Jitter during DLL Locking Period T per, Ick) -33 33 ps
Cycle to Cycle Period Jitter tirco) - 83 ps
Cycle to Cycle Period Jitter during DLL Locking Period tJ|T(CC, Ick) - 67 ps
Duty Cycle Jitter tiT(duty) TBD TBD ps
Cumulative Error across 2 Cycles tERR(2per) -61 61 ps
Cumulative Error across 3 Cycles tERR3per) -73 73 ps
Cumulative Error across 4 Cycles tERR@per) -81 81 ps
Cumulative Error across 5 Cycles tERR(5per) -87 87 ps
Cumulative Error across 6 Cycles tERR(Bper) -92 92 ps
Cumulative Error across 7 Cycles teRR(7per) -97 97 ps
Cumulative Error across 8 Cycles tERR(8per) -101 101 ps
Cumulative Error across 9 Cycles tERR(9per) -104 104 ps
Cumulative Error across 10 Cycles tERR(10per) -107 107 ps
Cumulative Error across 11 Cycles tERR(11per) -110 110 ps
Cumulative Error across 12 Cycles tERR(12per) -112 112 ps
Cumulative Error across 13 Cycles tERR(13per) -114 114 ps
Cumulative Error across 14 Cycles tERR(14pe,) -116 116 ps
Cumulative Error across 15 Cycles tERR(15per) -118 118 ps
Cumulative Error across 16 Cycles tERR(16per) -120 120 ps
Cumulative Error across 17 Cycles tERR(17per) -122 122 ps
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Device Timing Parameters by Speed Bin (Continued)

DDR4-2666
Parameter Units Notes
Cumulative Error across 18 Cycles tERR(18per) -124 124 ps
. ((1+0.68In(n)) * | ((1+0.68In(n)) *
Cumulative Error across n = 19-50 Cycles t . S
y ERR(nper) t)iT(per)_totMin) tyiT(per)_totMax) P

Command and Address Setup Time to CK, CK Referenced t 62
to Vi4(AC) / V| (AC) Levels IS(base) - ps
Command and Address Setup Time to CK, CK Referenced t
to Vger Levels IS(vref) 162 ) ps
Command and Address Hold Time to CK, CK Referenced ¢ 87
to Vj4(DC) / VL (DC) Levels IH(base) - ps
Command and Address Hold Time to CK, CK Referenced .
to Vger Levels IH(Vref) 162 ) ps
Control and Address Input Pulse Width for Each Input tipw 410 - ps
Command and Address Timing
CAS to CAS Command Delay for Same Bank Group tcep L Max(5nCK, 5ns) - nCK 34
CAS to CAS Command Delay for Different Bank Group tcco s 4 - nCK 34
ACTIVATE to ACTIVATE Command Delay to Different t Max(4nCK, ) nCK 34
Bank Group for 2 KB Page Size RRD_S(2K) 5.3ns)
ACTIVATE to ACTIVATE Command Delay to Different t Max(4nCK, ) nCK 34
Bank Group for 1 KB Page Size RRD_S(1K) 3.3ns)
ACTIVATE to ACTIVATE Command Delay to Different t Max(4nCK, ) nCK 34
Bank Group for 1/2 KB Page Size RRD_S(1/2K) 3.3ns)
ACTIVATE to ACTIVATE Command Delay to Same Bank t Max(4nCK, ) nCK 34
Group for 2 KB Page Size RRD_L(2K) 6.4ns)
ACTIVATE to ACTIVATE Command Delay to Same Bank t Max(4nCK, ) nCK 34
Group for 1 KB Page Size RRD_L(1K) 4.9ns)
ACTIVATE to ACTIVATE Command Delay to Same Bank t Max(4nCK, ) nCK 34
Group for 1/2 KB Page Size RRD_L(1/2K) 4.9ns)
Four Activate Window for 2 KB Page Size teaw (k) Ma);%::)CK‘ - ns 34
Four Activate Window for 1 KB Page Size tEAW(1IK) Ma’;(fr?sn)CK' - ns 34
Four Activate Window for 1/2 KB Page Size traw(1/2K) Ma);(;::)CK, - ns 34
Delay from Start of Internal Write Transaction to Internal t Max(2nCK, ) ns 1234
READ Command for Same Bank Group WTR_S 2.5ns) T
Delay from Start of Internal Write Transaction to Internal t Max(4nCK, ) ns 134
READ Command for Different Bank Group WTR L 7.5ns) :
Internal READ Command to PRECHARGE Command t Max(4nCK,

RTP - ns 34
Delay 7.5ns)
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Device Timing Parameters by Speed Bin (Continued)

DDR4-2666
Parameter
WRITE Recovery Time twr 15 - ns 1
WRITE Recovery Time when Both CRC and DM are t twr + Max(5nCK, ) ns 1 28
Enabled WR_CRC_DM 3.75ns) ’
Delay from Start of Internal Write Transaction to Internal twrr s t+ 2 29
READ Command for Same Bank Group when Both CRC twTrR_s_crc_pm Max(5nCK, - ns ‘34 ’
and DM are Enabled 3.75ns)
Delay from Start of Internal Write Transaction to Internal twrr L+ 3 30
READ Command for Different Bank Group when Both CRC twTR L CRC_DM Max(5NCK, - ns ‘34 ’
and DM are Enabled 3.75ns)
DLL locking time toLik 768 - nCK
Mode Register Set Command Cycle Time tMRD 8 - nCK
Mode Register Set Command Update Delay tvop Ma);(SZ:Sn)CK, - nCK 50
Multi-Purpose Register Recovery Time tMPRR 1 - nCK 33
t in + AL +
Multi-Purpose Register Write Recovery Time twr_MPR MODm::L - nCK
Programmed WR
Auto Precharge Write Recovery Time + Precharge Time tpaL + roundup (trp/ - nCK
tck(avg))
DQO or DQLO Driven to 0 Setup Time to First DQS Rising trpA S 05 ) ul 45,47
Edge =
DQO or DQLO Driven to 0 Hold Time from Last DQS Falling tppA H 05 ) Ul 46, 47
Edge _|
CS to Command Address Latency
= Max(3nCK
t ’ -
CS to Command Address Latency CAL 3.748ns) nCK
Mode Register Set Command Cycle Time in CAL Mode tvrD_tcaL tvop * tcaL - nCK
Mode Register Set Update Delay in CAL Mode tmMoD_tcAL tmop * tead - nCK
DRAM Data Timing
— 13, 18,
DQS, DQS to DQ Skew, Per Group, Per Access tbasa - 0.17 Ul 39 49
S 13,17,
DQ Output Hold Time from DQS, DQS ton 0.74 - ul 18, 39,
49
Data Valid Window per Device per Ul: (tqq - tpqsq) of Each ¢ 0.64 Ul 17,18,
Ul on a Given DRAM pVWwd ' 39, 49
Data Valid Window per Pin per Ul: (tqn - tpasq) Each Ul on t 0.72 ul 17,18,
a Pin of a Given DRAM DVWe ' 39, 49
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Device Timing Parameters by Speed Bin (Continued)

DDR4-2666

Parameter
DQ@S, DQS Low-Impedance Time from CK, CcK tLzpq) -330 175 ps 39
DQ@S, DQS High-Impedance Time from CK, CK thzpas) - 175 ps 39
Data Strobe Timing
DQS, DQS Differential READ Preamble (1 Clock) trRPRE 0.9 Note 44 tok 39, 40
DQS, DQS Differential READ Preamble (2 Clock) tRPRE2 1.8 Note 44 tok 39, 41
DQS, DQS Differential READ Postamble trRpsT 0.33 Note 45 tck 39
DQS, DQS Differential Output High Time tasH 0.4 - tok 21, 39
DQ@S, DQS Differential Output Low Time tasL 0.4 - tok 20, 39
DQS, DQS Differential WRITE Preamble (1 Clock) twpre 0.9 - tok 42
DQS, DQS Differential WRITE Preamble (2 Clock) twprE2 1.8 - tok 43
DQS, DQS Differential WRITE Postamble twpsT 0.33 - tek
DQS, DQS Low-Impedance Time (Referenced from RL-1) tLz(pas) -330 175 tck 39
DQS, DQS High-Impedance Time (Referenced from
RL+BL/2) thz(pas) - 175 tok 39
DQS, DQS Differential Input Low Pulse Width tbasL 0.46 0.54 tck
DQS, DQS Differential Input High Pulse Width tbasH 0.46 0.54 tok
DQS, DQS Rising Edge to CK, CK Rising Edge (1 Clock ) )
Preamble) DQss -0.27 0.27 CK 42
DQS, DQS Rising Edge to CK, CK Rising Edge (2 Clock ¢ ¢
Preamble) Dass2 TBD TBD CK 43
DQS, DQS Falling Edge Setup Time from CK, CcK Rising

tbss 0.18 - tek
Edge
DQS, DQS Falling Edge Hold Time from CK, CK Rising tosH 018 ) tex
Edge
DQS, DQS Rising Edge Output Timing Location from Ris- t DLL O ) 37, 38,
ing CK, CK with DLL On Mode pasck ( n) 175 175 ps 39
DQ@S, DQS Rising Edge Output Variance Window per 37, 38,
DRAM 9 g p p tDQSCKl (DLL On) - 290 ps 39
MPSM Timing

. tmopmin +
Command Path Disable Delay upon MPSM Entry tmMPED ¢ min -
CPDED
. . tmopmin +
Valid Clock Requirement after MPSM Entry tckmpPE ¢ min -
CPDED

Valid Clock Requirement before MPSM Exit tokmpx tcksrxmin -
Exit MPSM to Commands not Requiring a Locked DLL txmp tysmin -
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Device Timing Parameters by Speed Bin (Continued)

Parameter

DDR4-2666

. .. tXMpmin +
Exit MPSM to Commands Requiring a Locked DLL txmPDLL ) -
txspLLmin
CS Setup Time to CKE tmpx_s tigmin + t,ymin -
Calibration Timing
Power-up and RESET Calibration Time tzQinit 1024 - nCK
Normal Operation Full Calibration Time tzQoper 512 - nCK
Normal Operation Short Calibration Time tzacs 128 - nCK
RESET/Self-Refresh Timing
. ) Max(5nCK,
Exit RESET from CKE HICH to a Valid Command txpr trecmin + 10ns) - nCK
Exit Self-Refresh to Commands not Requiring a Locked tys trecmin +10ns ) nCK
DLL
SRX to Commands not Requiring a Locked DLL in Self- .
Refresh ABORT e xs_ABORT tRrcamin +10ns - nCK
Exit Self-Refresh to ZQCL, ZQCS and MRS (CL, CWL )
’ ’ ’ t t +10 -
WL, RTP and Geardown) XS_FAST RFC4MIN +10NS nCK
Exit Self Refresh from to Commands Requiring a Locked .
quinng txspLL tpLLkmin - nCK
DLL
I\/I.lm.mum CKE Low Width for Self-Refresh Entry to Exit fokEsR toxemin + 1nCK ) nCK
Timing
Minimum CKE Low Width for Self-Refresh Entry to Exit ¢ tckemin + 1nCK + ) nCK
Timing with CA Parity Enabled CKESR_PAR PL
Valid Clock Requirement after Self-Refresh Entry (SRE) or
t R
Power-Down Entry (PDE) CKSRE Max(5nCK; 10ns) nCK
Valid Clock Requirement after Self-Refresh Entry (SRE) or t Max(5nCK, 10ns) ) nCK
Power-Down Entry (PDE) when CA Parity us Enabled CKSRE_PAR +PL
Valid Clock Requirement before Self-Refresh Exit (SRX) or
t -
Power-Down Exit (PDX) or RESET Exit CKSRX Max(5nCK, 10ns) nCK
Power Down Timing
Exit Power Down with DLL on to any Valid Command; Exit
Precharge Power Down with DLL Frozen to Commands txp Max(4nCK, 6ns) - nCK
not Requiring a Locked DLL
CKE Minimum Pulse Width toke Max(3nCK, 5ns) - nCK 31, 32
Command Pass Disable Delay tcPDED 4 - nCK
Power Down Entry to Exit Timing tpp tockemin 9 * treF nCK 6
Timing of ACT Command to Power Down Entry tACTPDEN 2 - nCK 7
Timing of PRE or PREA Command to Power Down Entry tPRPDEN 2 - nCK 7
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Device Timing Parameters by Speed Bin (Continued)

DDR4-2666
Parameter
Timing of RD/RDA Command to Power Down Entry tRDPDEN RL+4+1 - nCK
Timing of WR Command to Power Down Entry (BL8OTF, i WL +4 + (twr/
BL8MRS, BC40TF) WRPDEN tek(avg) i nCK 4
;Ei&%g"vggfoﬁ_c;r;mand to Power Down Entry (BL8OTF, {WRAPDEN WL +4 +WR + 1 ) nCK 5
Timing of WR Command to Power Down Entry (BC4MRS) tWRPBCADEN WL t::f(::)t)WR/ - nCK 4
v
;I'éncwz\g/)lgfs\)NRA Command to Power Down Entry {WRAPBCADEN WL 42 + WR + 1 ) nCK 5
Timing of REF Command to Power Down Entry tREFPDEN 2 - nCK 7
Timing of MRS Command to Power Down Entry tMRSPDEN tmopmin - nCK
PDA Timing
Mode Register Set Command Cycle Time in PDA Mode tvrRD_PDA Ma);(gr?:)CK‘ - nCK
Mode Register Set Command Update Delay in PDA Mode tmop_ppa tmMop nCK
ODT Timing
Asynchronous RTT Turn-On Delay (Power Down with DLL tAONAS 1 9 ns
Frozen)
Asynchronous RTT Turn-Off Delay (Power Down with DLL tAGFAS 1 9 ns
Frozen)
RTT Dynamic Change Skew tanc 0.3 0.7 tck(avg)
Write Leveling Timing
ELrsérZ%i/eD(jQS Rising Edge after Write Leveling Mode is tWLMRD 40 ) nCK 12
DQS/DQS Delay after Write Leveling Mode is Programmed twLDQSEN 25 - nCK 12
gg::ng\gg?%%L?rJégsgrom Rising CK, CK Crossing to twLs 013 ) tek(avg)
\llq\/.ri.te Leveling Hold Timg from Rising CK, CcK Crossing to fwin 013 ) tekavg)
ising DQS, DQS Crossing
Write Leveling Output Delay twLo 0 9.5 ns
Write Leveling Output Error twLoE 0 2 ns
CA Parity Timing
_lei?nn;mands not Guaranteed to be Executed during this {PAR_UNKNOWN ) PL nCK
Delay from Errant Command to ALERT Assertion tPAR_ALERT ON - PL + 6ns nCK
Pulse Width of ALERT Signal when Asserted tpAR_ALERT PW 72 144 nCK
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Device Timing Parameters by Speed Bin (Continued)

DDR4-2666

Parameter

Time from when ALERT is Asserted until Controller Must

Start Providing DES Commands in Persistent CA Parity tPAR_ALERT_ RSP - 64 nCK
Mode

Parity Latency PL 5 nCK
CRC Error Reporting

CRC Error to ALERT Latency tcrRc_ALERT 3 13 ns
CRC ALERT Pulse Width tcRC_ALERT PW 6 10 nCK

Refresh Timing

1x Refresh Cycle Time - 8Gb tRFC1 350 - ns 34
2x Refresh Cycle Time - 8Gb tRFc2 260 - ns 34
4x Refresh Cycle Time - 8Gb trREC4 160 - ns 34

Device Timing Parameters Notes

Ul = tCK(an)min/Z

1. Start of internal write transaction is defined as follows:
For BL8 (Fixed by MRS and on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.

2. A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled.

3. Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.

4. tyris defined in ns, for calculation of tyyrppen it is necessary to round up tyr/tck following the rounding algorithm defined in the Rounding
Algorithm Section

5. WRin clock cycles as programmed in MRO.

6. tREFl depends on tOPER'

7. CKE is allowed to be registered low while operations such as row activation, precharge, auto-precharge or refresh are in progress, but
power-down IDD spec will not be applied until finishing those operations.

8.  Forthese parameters, the DDR4 SDRAM device supports tparam [NCK] = RU {tparam [NSl/tck(avg) [NST} which is in clock cycles assuming
all input clock jitter specifications are satisfied.

9. When CRC and DM are both enabled, tyr crc pwm is used in place of tyyr.

10. When CRC and DM are both enabled tWTR S CRC DM is used in place of tWTR S-

11. When CRC and DM are both enabled tytr | crc pm is used in place of ty1r |-

12. The max values are system dependent.

13. DAQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. BER
spec and measurement method are TBD.

14. The deterministic component of the total timing. Measurement method is TBD.

15. DQ to DQ static offset relative to strobe per group. Measurement method is TBD.

16. This parameter will be characterized and guaranteed by design.

17. When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock
(output deratings are relative to the SDRAM input clock). Example TBD.

18. DRAM DBI mode is off.

19. DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.
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tosL describes the instantaneous differential output low pulse width on DQS - ﬁ as measured from on falling edge to the next consec-
utive rising edge. -

tash describes the instantaneous differential output high pulse width on DQS - DQS, as measured from on falling edge to the next consec-
utive rising edge.

There is no maximum cycle time limit besides the need to satisfy the refresh interval tggg.

tcH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

tcL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method are TBD.
The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.

This parameter has to be even number of clocks

When CRC and DM are both enabled, twr crc pm is used in place of tyr.

When CRC and DM are both enabled tyrr s cre pu is Used in place of tyrr .

When CRC and DM are both enabled tyrr | crc pwm IS used in place of tyg (-

After CKE is registered LOW, CKE signal level shall be maintained below V; (DC) for tckg specification (LOW Pulse Width).

After CKE is registered HIGH, CKE signal level shall be maintained above V|4(DC) for tckg specification (HIGH Pulse Width).

Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

Parameters apply from tcy(ayg)min to tck(avgmax at all standard JEDEC clock period values as stated in the Speed Bin Tables.

This parameter must keep consistency with Speed-Bin Table.

DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

Applied when DRAM is in DLL ON mode.

Assume no jitter on input clock signals to the DRAM.

Value is only valid for RZQ/7 RONNOM = 34 ohms.

1 tck toggle mode with setting MR4:A11 to 0.

2 tck toggle mode with setting MR4:A11 to 1.

1 tck mode with setting MR4:A12 to 0.

2 tck mode with setting MR4:A12 to 1.

The maximum read preamble is bounded by t; 7 pgs)min on the left side and tpgsck(max) on the right side.

DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS differential signal cross point.

Last falling edge of DQS differential signal cross point to DQ rising signal middle-point of transferring from Low to High.

VRerDpq Value must be set to either its midpoint or Veent pg(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.
The maximum read postamble is bound by tpqogck(min) ;;Ius tasH(min) on the left side and tzpgs)max on the right side.

Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 *
Vppq as a center level of the static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load
of 50 ohms to V1 = Vppq.

For MR7 commands, the minimum delay to a subsequent non-MRS command is 5 nCK.
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Speed Bin DDR4-2666
Parameter 19-19-19
tck 0.833 ns
CL 17 nCK
CWL 16 nCK
nRCD 17 nCK
nRC 56 nCK
nRAS 39 nCK
nRP 17 nCK
x4 16
nFAW x8 26 nCK
x16 36
x4 4
nRRDS x8 4 nCK
x16 7
x4 6
nRRDL x8 6 nCK
x16 8
nRFC 421 nCK

Ipp and lIpp Measurement-Loop Patterns Timing
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Ipp and lpp Measurement Conditions

* Ipp currents (such as Ippg, Ippoas Ibp1: Ibp1as Ipb2ns Ipb2nas IpoznLs IboanT Ibpb2p Ibb2as Ibpans Ippanas Ibpsp

lbp4ar: IbparAs IbDaws Ippawas Ibpse. IbpsF2: IppsFas Ibpen: Ippee: Ibpber: Ibpsas Ibp7 @nd Ippg) are measured
as time-averaged currents with all Vpp balls of the DDR4 SDRAM under test tied together. Any Ipp current is

not included in Ipp currents.
* Ipp currents have the same definition as |pp except that the current on the Vpp supply is measured.

+  “0”and “LOW’” is defined as V|y = V| (AC)max.

*  “1”and “HIGH” is defined as V|y 2 V|{(AC)min.

+  “MID-LEVEL" is defined as inputs that are Vg = Vpp/2.

+ Timings used for Ipp and Ipp Measurement-Loop Patterns are provided in the Ipp and Ipp Measurement-Loop
Patterns Timing on page 53.

+ Basic Ipp and Ipp Measurement Conditions are described on pages 55-60.

+ Detailed Ipp and |pp Measurement-Loop Patterns are described on pages 62-70.

* Ipp and Ipp Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not lim-

ited to setting:
RON = RzZQ/7 (34 Ohm in MR1);
RTT_NOM = RZQ/6 (40 Ohm in MR1);
RTT_WR = RzZQ/2 (120 Ohm in MR2);
RTT_PARK = Disable;
Qoff = 0B (Output Buffer enabled) in MR1;
TDQS disabled in MR1;
CRC disabled in MR2;
CA parity feature disabled in MRS5;
Gear down mode disabled in MR3;
Read/Write DBI disabled in MRS;
DM disabled in MRS

+ Attention: The Ipp and Ipp Measurement-Loop Patterns need to be executed at least one time before actual Ipp

and Ipp measurement is started.

- Define D = {CS, ACT, RAS, CAS, WE}: = {HIGH, HIGH, HIGH, HIGH, HIGH}
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Basic Ipp and lpp Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current (AL = 0)
CKE: HIGH; External Clock: On; tck, NRC, nRAS, CL: See Ipp and Ipp Measurement-Loop Pat-

terns Timing on page 53; BL: 8'; AL: 0; CS: HIGH between ACT and PRE; Command, Address,
Bank Group Address, Bank Address Inputs: Partially toggling according to Ippg, Ippoa @nd Ippg
Measurement-Loop Pattern on page 62; Data 1/O: Vpp; DM: Stable at 1; Bank Activity: Cycling with
one bank active ata time: 0, 0, 1, 1, 2, 2,... (See Ippg, Ippga and Ippg Measurement-Loop Pattern on

page 62); Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Stable at 0; Pattern
Details: See Ippg, Ippga and Ippg Measurement-Loop Pattern on page 62

Ippo

| Operating One Bank Active-Precharge Current (AL =CL -1)
DDOA | AL: CL-1; Other conditions: See Ipp,

Operating One Bank Active-Precharge IPP Current

I g
PPO | Same conditions as Ippy

Operating One Bank Active-Read-Precharge Current (AL = 0)
CKE: HIGH; External Clock: On; tck, nRC, nRAS, CL: See Ipp and |pp Measurement-Loop Pat-

terns Timing on page 53; BL: 8"; AL: 0; CS: HIGH between ACT, RD and PRE; Command,
| Address, Bank Group Address, Bank Address Inputs, Data 1/0: Partially toggling according to
DD1 Ipp1, Ipp1a @nd Ippq Measurement-Loop Pattern on page 63; DM: Stable at 1; Bank Activity:

Cycling with one bank active at a time: 0, 0, 1, 1, 2, 2,... (See Ipp1, Ipp1a @and lppq Measurement-

Loop Pattern on page 63); Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Sta-
ble at 0; Pattern Details: See Ipp1, Ipp1a and Ipp4 Measurement-Loop Pattern on page 63

| Operating One Bank Active-Read-Precharge Current (AL = CL - 1)
DD1A | AL: CL - 1; Other Conditions: See Ipp;

| Operating One Bank Active-Read-Precharge IPP Current
PP1

Same Conditions as Ipp4
Precharge Standby Current (AL = 0)
CKE: HIGH; External Clock: On; tck, CL: See Ipp and |pp Measurement-Loop Patterns Timing on
page 53; BL: 8': AL: 0; CS: Stable at 1; Command, Address, Bank Group Address, Bank
| Address Inputs, Data I/O: Partially Toggling according to Ippons Ippana: Ipp2an: Ibp2ane: Ipp2ane:
DD2N

lDDZND' IDD2N_par1 IDD3N’ lDD3NA and IPP3N Measurement-Loop Pattern on page 64; DM: Stable at 1;

Bank Activity: All Banks Closed; Output Buffer and RTT: Enabled in Mode Registersz; ODT Sig-

nal: Stable at 0; Pattern Details: See IDDZN’ IDDZNA’ IPPQN’ IDDZNL' lDDZNG' lDDZND’ IDD2N_par1 lDD3N'
Ipp3na @nd Ippsy Measurement-Loop Pattern on page 64

| Precharge Standby Current (AL =CL - 1)
DD2NA | AL: CL - 1; Other conditions: See Ippop

Precharge Standby IPP Current

I o
PP2N" | Same Conditions as Ippoy
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Basic Ipp and lpp Measurement Conditions (Continued)

Symbol Description

Precharge Standby ODT Current
CKE: HIGH; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on

page 53; BL: 8': AL: 0; E: Stable at 1; Command, Address, Bank Group Address, Bank

Ippont | Address Inputs: Partially Toggling according to Ippont Measurement-Loop Pattern on page 65;

Data I/O: Vgg; DM: Stable at 1; Bank Activity: All Banks Closed; Output Buffer and RTT: Enabled
in Mode Registersz; ODT Signal: Toggling according to IpponyT Measurement-Loop Pattern on
page 65; Pattern Details: See IpponT Measurement-Loop Pattern on page 65

| Precharge Standby Current with CAL Enabled

DD2NL | same Conditions as Ippy; CAL Enabled?

| Precharge Standby Current with Geardown Mode Enabled

DD2NG | 5ame Conditions as Iopan; Geardown Mode Enabled?

| Precharge Standby Current with DLL Disabled

DD2ND | same Conditions as Ipp,y; DLL Disabled®
Precharge Standby Current with CA Parity Enabled

IbD2N_par

Same Conditions as Ipp,y; CA Parity Enabled?

Precharge Power-Down Current
CKE: LOW; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on

Iopzp | page 53; BL: 8'; AL: 0; CS: Stable at 1; Command, Address, Bank Group Address, Bank
Address Inputs: Stable at 0; DATA 1/O: Vpp; DM: Stable at 1; Bank Activity: All Banks Closed;

Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Stable at 0

Precharge Power-Down IPP Current

I "
PP2P | Same Conditions as Ippop

Precharge Quiet Standby Current
CKE: High; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on

Ipb2q page 53; BL: 8': AL: 0; E: Stable at 1; Command, Address, Bank Group Address, Bank
Address Inputs: Stable at 0; DATA 1/O: Vpp; DM: Stable at 1; Bank Activity: All Banks Closed,;

Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Stable at 0

Active Standby Current (AL = 0)

CKE: HIGH; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on
page 53; BL: 8': AL: 0; CS: Stable at 1; Command, Address, Bank Group Address, Bank

| Address Inputs: Partlally Toggllng according to IDDZN' IDDZNA’ lPPZN’ IDDZNL' lDDZNG’ lDDZNL
P3N | Ippan_par IDD3N: Ippana and Ippgy Measurement-Loop Pattern on page 64; DATA 1/O: Vpp; DM:
Stable at 1; Bank Activity: All Banks Closed; Output Buffer and RTT: Enabled in Mode Registersz;
oDT Signal: Stable at 0; Pattern Details: See IDDZN' lDDZNA’ lPPZN' lDDZNL' IDDZNG’ lDDZND'
Ipp2N_par IDD3Ns Ibp3na @nd Ippay Measurement-Loop Pattern on page 64
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Basic Ipp and lpp Measurement Conditions (Continued)

Symbol Description

| Active Standby Current (AL =CL - 1)
DD3NA | AL: CL - 1; Other conditions: See Ipp3y

| Active Standby IPP Current
PP3N | Same Conditions as Ipps

Active Power-Down Current
CKE: LOW; External Clock: On; tck, CL: See Ipp and lIpp Measurement-Loop Patterns Timing on

Iopsp | page 53; BL: 8'; AL: 0; CS: Stable at 1; Command, Address, Bank Group Address, Bank
Address Inputs: Stable at 0; DATA 1/0: Vpp; DM: Stable at 1; Bank Activity: All Banks Open; Out-

put Buffer and RTT: Enabled in Mode Registers?; ODT Signal: Stable at 0

| Active Power-Down IPP Current
PP3P | Same Conditions as Ippgzp

Operating Burst Read Current (AL = 0)

CKE: HIGH; External Clock: On; tck, CL: See Ipp and |pp Measurement-Loop Patterns Timing on
page 53; BL: 8": AL: 0; CS: HIGH between RD: Command, Address, Bank Group Address, Bank
Address Inputs: Partially Toggling according to Ippsr. |pp4ras Ippare @nd Ippsr Measurement-

Loop Pattern on page 66; DATA 1/O: Seamless Read Data Burst with Different Data between One

Burst and the Next One according to Ipp4r, Ipp4ra. IDD4rB @nd Ippsr Measurement-Loop Pattern on
page 66; DM: Stable at 1; Bank Activity: All Banks Open, RD Commands Cycling through Banks: 0,
0,1,1,2,2,... (See Ippar. Ippara, Ippsrs and Ippyr Measurement-Loop Pattern on page 66); Out-

put Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Stable at 0; Pattern Details: See
Ibb4rs Ibp4rAs IDD4rB @Nd Ippsar Measurement-Loop Pattern on page 66

Ippar

| Operating Burst Read Current (AL=CL - 1)
DD4RA | AL: CL - 1; Other conditions: See Ippar

Operating Burst Read Current with Read DBI

[
DD4RB | Same Conditions as Iopar; Read DBI Enabled?

Operating Burst Read IPP Current

I "
PP4R | Same Conditions as Ippsgr
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Basic Ipp and lpp Measurement Conditions (Continued)

Symbol Description

Operating Burst Write Current (AL = 0)

CKE: HIGH; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on
page 53; BL: 8': AL: 0; CS: HIGH between WR; Command, Address, Bank Group Address,
Bank Address Inputs: Partially Toggling according to Ippaw: Ippawas Ippaws: lbpaw_par @nd lppawy
Measurement-Loop Pattern on page 67; DATA 1/O: Seamless Write Data Burst with Different Data
IDD4W between One Burst and the Next One ac&ding to IDD4W’ IDD4WA’ IDD4WB’ IDD4W_par and IPP4W
Measurement-Loop Pattern on page 67; DM: Stable at 1; Bank Activity: All Banks Open, WR Com-
mands Cycllng through Banks: 0,0,1, 1, 2, 2,... (See IDD4W’ lDD4WA’ lDD4WB’ |DD4W_par and lPP4W
Measurement-Loop Pattern on page 67); Output Buffer and RTT: Enabled in Mode Registersz;
oDT Signal: Stable at HlGH, Pattern Details: See IDD4W’ IDD4WA’ IDD4WB’ IDD4W_par and IPP4W
Measurement-Loop Pattern on page 67

| Operating Burst Write Current (AL = CL - 1)
DD4WA | AL: CL - 1; Other conditions: See Ippayy

Operating Burst Write Current with Write DBI

|
DD4WB | Same Conditions as Ippay; Write DBI Enabled®

Operating Burst Write Current with Write CRC
CKE: HIGH; External Clock: On; tck, CL: See Ipp and Ipp Measurement-Loop Patterns Timing on

page 53; BL: 8': AL: 0; E: HIGH between WR; Command, Address, Bank Group Address,
Bank Address Inputs: Partially Toggling according to Ipp4wc Measurement-Loop Pattern on

| page 68; DATA 1/0: Seamless Write Data Burst with Different Data between One Burst and the Next
DD4WC | One according to Ippsywc Measurement-Loop Pattern on page 68; DM: Stable at 1; Bank Activity:

All Banks Open, WR Commands Cycling through Banks: 0, 0, 1, 1, 2, 2,... (See Ippawc Measure-

ment-Loop Pattern on page 68); Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal:
Stable at HIGH; Pattern Details: See Ipp4yc Measurement-Loop Pattern on page 68 Measure-

ment-Loop Pattern on page 67; Write CRC Enabled?®

Operating Burst Write Current with CA Parity

I
DDAW_par | 5ame Conditions as Ippayy; CA Parity Enabled®

Operating Burst Write IPP Current

I "
PPAW | Same Conditions as Ippay
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Basic Ipp and lpp Measurement Conditions (Continued)

Symbol Description

Burst Refresh Current (1X REF)
CKE: HIGH; External Clock: On; tck, CL, nRFC: See Ipp and Ipp Measurement-Loop Patterns

Timing on page 53; BL: 8': AL: 0; &: HIGH between REF; Command, Address, Bank Group
Address, Bank Address Inputs: Partlally Toggllng aCCOfding to IDQ&B;'PP5B’ IDD5F2’ |pp5|:2 IDD5F4’
IbDsB and lppsp4 Measurement-Loop Pattern on page 69; DATA 1/0: Vpp; DM: Stable at 1; Bank Activity:
REF Command Every nRFC (See IDDSB' IPPSB' lDD5F2’ |pp5|:2 IDD5F4’ and |pp5|:4 Measurement-Loop
Pattern on page 69); Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: Stable at
0; Pattern Details: See Ippsg, lppse, Ippsr2s lppse2 Ibpskas @nd lppsgs Measurement-Loop Pattern
on page 69

| Burst Refresh IPP Current (1X REF)

PPSB | Same Conditions as Ippsg

Burst Refresh Current (2X REF)
IbbsF2

Same Conditions as IDDSB; tRFC = tRFCZ
| Burst Refresh IPP Current (2X REF)
PP5F2 Same Conditions as IDD5F2; tRFC = tRFCZ
| Burst Refresh Current (4X REF)
DD5F4 Same Conditions as IDDSB; tRFC = tRFC4
| Burst Refresh IPP Current (4X REF)
PPSF4 Same Conditions as IDD5F4; tRFC = tRFC4
Self-Refresh Current: Normal Temperature Range
Tcase: 0 - 85°C; Low Power Array Self Refresh (LP ASR): Normal%; CKE: LOW; External Clock:
IbD6N Off; CK and CK: LOW; CL: Ipp and Ipp Measurement-Loop Patterns Timing on page 53; BL_:81;
AL: 0; CS, Command, Address, Bank Group Address, Bank Address, Data I/0: HIGH; DM: Sta-
ble at 1; Bank Activity: Self-Refresh Operation; Output Buffer and RTT: Enabled in Mode Regis-
tersZ; ODT Signal: MID-LEVEL
| Self-Refresh IPP Current: Normal Temperature Range
PP6N | Same Conditions as Ippgy
Self-Refresh Current: Extended Temperature Range
Tcase: 0-95°C; Low Power Array Self Refresh (LP ASR): Extended*; CKE: LOW; External
| Clock: Off;, CK and CK: LOW; CL: Ipp and lpp Measurement-Loop Patterns Timing on page 53; BL:
DD6E

8': AL: 0 CS Command, Address, Bank Group Address, Bank Address, Data 1/0: HIGH; DM
Stable at 1; Bank Activity: Extended Temperature Self-Refresh Operation; Output Buffer and RTT:

Enabled in Mode Registers?; ODT Signal: MID-LEVEL

| Self-Refresh IPP Current: Extended Temperature Range
PP6E | Same Conditions as Ippge
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Basic Ipp and lpp Measurement Conditions (Continued)

Symbol Description

Self-Refresh Current: Extended Temperature Range

Tcase: 0 - TBD (~35-45)°C; Low Power Array Self Refresh (LP ASR): Reduced*; CKE: LOW;
External Clock: Off; CK and CK: LOW; CL: Ipp and Ipp Measurement-Loop Patterns Timing on
page 53; BL: 8"; AL: 0; E, Command, Address, Bank Group Address, Bank Address, Data I/
O: HIGH; DM: Stable at 1; Bank Activity: Reduced Temperature Self-Refresh Operation; Output
Buffer and RTT: Enabled in Mode Registersz; ODT Signal: MID-LEVEL

Ipper

| Self-Refresh IPP Current: Reduced Temperature Range
PP6R | Same Conditions as Ippgr

Auto Self-Refresh Current
Tcase: 0 - 95°C; Low Power Array Self Refresh (LP ASR): Au_to4; Partial Array Self-Refresh

| (PASR): Full Array; CKE: LOW; External Clock: Off; CK and CK: LOW; CL: Ipp and lIpp Measure-
DD6A

ment-Loop Patterns Timing on page 53; BL:8'; AL: 0; &, Command, Address, Bank Group
Address, Bank Address, Data 1/0: HIGH; DM: Stable at 1; Bank Activity: Auto Self-Refresh Oper-
ation; Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: MID-LEVEL
Auto Self-Refresh IPP Current

lpPea

Same Conditions as Ippga

Operating Bank Interleave Read Current
CKE: HIGH; External Clock: On; tck, NRAS, nRCD, nRRD, nFAW, CL: See Ipp and |pp Measure-

ment-Loop Patterns Timing on page 53; BL: 8'; AL: CL - 1; CS: HIGH between ACT and RDA:
Command, Address, Bank Group Address, Bank Address Inputs: Partially Toggling according
to Ipp7 and Ipp7 Measurement-Loop Pattern on page 70; Data 1/0: Read Data Bursts with Different

lop7 Data between One Burst and the Next One according to Ipp7 and |pp7 Measurement-Loop Pattern
on page 70; DM: Stable at 1; Bank Activity: Two Times Interleaved Cycling through Banks (0,
1,...7) with Different Addressing, See Ipp7 and Ipp7 Measurement-Loop Pattern on page 70; Output
Buffer and RTT: Enabled in Mode Registers?; ODT Signal: Stable at 0; Pattern Details: See Ibp7
and |pp7 Measurement-Loop Pattern on page 70

| Operating Bank Interleave Read IPP Current
PP7 | Same Conditions as Ipp;

| Maximum Power-Down Read Current
bb8 1 TBD

Maximum Power-Down IPP Current
Same Conditions as Ippg

lppg
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Notes:
1. Burst Length: BL8 fixed by MRS: set MRO [A1:0=00].
2. Output Buffer Enabled:
- Set MR1 [A12 = 0]: Qoff = Output buffer enabled
- Set MR1 [A2:1 = 00]: Output Driver Impedance Control = RZQ/7
RTT_Nom Enabled:
- Set MR1 [A10:8 = 011]: RTT_NOM = RZQ/6
RTT_WR Enabled:
- Set MR2 [A10:9 = 01]: RTT_WR = RZQ/2
RTT_PARK Disabled:
- Set MR5 [A8:6 = 000]
3. CAL Enabled:
- Set MR4 [A8:6 = 001]: 1600MT/s
- Set MR4 [A8:6 = 010]: 1866MT/s, 2133MT/s
- Set MR4 [A8:6 = 011]: 2400MT/s
Geardown Mode Enabled:
- Set MR3 [A3 = 1]: 1/4 Rate
DLL Disabled:
- Set MR1 [AQ = 0]
CA Parity Enabled:
- Set MR5 [A2:0 = 001]: 1600MT/s,1866MT/s, 2133MT/s
- Set MR5 [A2:0 = 010]: 2400MT/s
Read DBI Enabled:
- Set MR5 [A12 = 1]
Write DBI Enabled:
- Set MR5 [A11 = 1]
4. Low Power Array Self Refresh (LP ASR):
- Set MR2 [A7:6 = 00]: Normal Temperature Range
- Set MR2 [A7:6 = 01]: Reduced Temperature Range
- Set MR2 [A7:6 = 10]: Extended Temperature Range
- Set MR2 [A7:6 = 11]: Auto Self Refresh.
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Ibpos Ippoa @and lppg Measurement-Loop Pattern’

52 ; 33 2 (B8R =

(8] <

0 ACT | 0 oo olofofofofolo -

1,2 D,D | 1 o|o0 o(fojo0ojo0ojO0O|O0]O -

o 3,4 DD[1|1|1|1|1|o|lo|32|3|0o|o|o|7]|F]|o -

Repeat pattern 1-4 until nRAS - 1. Truncate if Necessary
nRAS PRE|O|1|O|1|O|0|O|O|O|O|O|0|0|0|0| -
Repeat pattern 1-4 until nRC - 1. Truncate if Necessary
1 1*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 1 and BA[1:0] = 1 instead
2 2*nRC Repeat Sub-Loop 0, but BG[1:0]? = 0 and BA[1:0] = 2 instead
3 3*nRC Repeat Sub-Loop 0, but BG[1:0]% = 1 and BA[1:0] = 3 instead
o |4 4*nRC Repeat Sub-Loop 0, but BG[1:0]% = 0 and BA[1:0] = 1 instead
g %’ 5 5*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
© g 6 6*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 3 instead
7 7*nRC Repeat Sub-Loop 0, but BG[1:0]? = 1 and BA[1:0] = 0 instead
8 8*nRC Repeat Sub-Loop 0, but BG[1:0]% = 2 and BA[1:0] = 0 instead
9 9*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 1 instead
10 10*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
1 11*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only

12 12*nRC Repeat Sub-Loop 0, but BG[1:0]% = 2 and BA[1:0] = 1 instead
13 13*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
14 14*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 15*nRC Repeat Sub-Loop 0, but BG[1:0]? = 3 and BA[1:0] = 0 instead
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lpp1; lIpp1a @and lppq Measurement-Loop Pattern’

23 ; g %3 v glE 5 g
G2 : 3318 g3z EE
3 ¢ |lo @ < T <
0 ACT | 0 0]o0 o|lofloflof|oflo]o]o]o -
1-2 D,D | 1 0]o0 ojlolofoloflo]o]o]o -
3-4 DD|1|1[1|1]1]0|0o|32|[3|0o]o|lo|7]|F]|oO -
Repeat pattern 1-4 until NRCD - 1. Truncate if Necessary
0 D2 - FF, D3 - 00
nRCD - AL RD | 0| 1|10 1]0]0|0f[0]0]|0|0f0]0]|0|_
D6 = 00, D7 = FF

Repeat pattern 1-4 until nRAS - 1. Truncate if Necessary
nRAS PRE|O|1|O|1|O|O|O|O|O|O|

ofofojofo] :

Repeat pattern 1-4 until nRC - 1. Truncate if Necessary
1*nRC + 0 ACT | 0| 0|01 110]0 |1 110|0|0|0|0]|O -
1*nRC + 1-2 bpbf1/,0(0|0|O0O|J]O|O|O|O|]O|O|]O|O]|O|O -
1*nRC + 3-4 DD|1|1|[1]1]|1|o]o0|32|3]|0]|0|0|7]|F]|oO -

Repeat pattern nRC + 1-4 until 1*nRC + nRCD - 1. Truncate if Necessary

DO = FF, D1 =00
D2 =00,D3=FF
D4 =00, D5 =FF
D6 = FF, D7 =00

1"nRC +nRCD-AL | RD | 0 | 1 1101 1]0]0]1 110000 ]0]O

Repeat pattern 1-4 until NRAS - 1. Truncate if Necessary
1*nRC + nRAS PRE‘O‘1‘0‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ -
Repeat pattern nRC + 1-4 until 2*nRC - 1. Truncate if Necessary

Toggling
Static High

2 2*nRC Repeat Sub-Loop 0, but BG[1:0]% = 0 and BA[1:0] = 2 instead
3 3*nRC Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 3 instead
4 4*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 1 instead
5 5*nRC Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
6 6*nRC Repeat Sub-Loop 0, but BG[1:0]% = 0 and BA[1:0] = 3 instead
7 7*nRC Repeat Sub-Loop 1, but BG[1:0]% = 1 and BA[1:0] = 0 instead
8 8*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 0 instead
9 9*nRC Repeat Sub-Loop 1, but BG[1:0]? = 3 and BA[1:0] = 1 instead
10 10*nRC Repeat Sub-Loop 0, but BG[1:0]? = 2 and BA[1:0] = 2 instead
1 11*nRC Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 12*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 1 instead
13 13*nRC Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
14 14*nRC Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 15*nRC Repeat Sub-Loop 1, but BG[1:0]% = 3 and BA[1:0] = 0 instead
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Ipp2n;: Ibp2nas IpP2ns Ibb2nL: Ibp2ne: Ibbanps Ibpb2n_par Ibbans Ibpsna @and lppan
Measurement-Loop Pattern’

o o ° © v Q E o
- Py 5 A= T ela 5 g
| [ £ S =S < s = e =
. > £ (7B (BT Py a1 E S
2 G3 £ < |2 |8 0] = B o
I o r |o m < < <
0 D,D | 1 0|0 o|0|O0O|O0]O 0 0 0 0 0 0
1 D,D | 1 0|0 o|0|O0O|O0]O 0 0 0 0 0 0
0 —
2 D,D | 1 1 1 1 1 0|0](32|3]|0 0 0 7 F|O 0
3 DD|1|1|[1]1]|1|0o]o0|32|3|0]|0|0|7]|F]|oO 0
1 4-7 Repeat Sub-Loop 0, but BG[1:0]2 = 1 and BA[1:0] = 1 instead
2 8-11 Repeat Sub-Loop 0, but BG[1:0]% = 0 and BA[1:0] = 2 instead
3 12-15 Repeat Sub-Loop 0, but BG[1:0]%2 = 1 and BA[1:0] = 3 instead
4 16-19 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 1 instead
o |5 5 20-23 Repeat Sub-Loop 0, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
2|5
@ (I_J 6 24-27 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 3 instead
e8|y 28-31 R 02 = 0]=0i
& epeat Sub-Loop 0, but BG[1:0] = 1 and BA[1:0] = 0 instead
8 32-35 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 0 instead
9 36-39 Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 1 instead
10 40-43 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
11 44-47 Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 48-51 Repeat Sub-Loop 0, but BG[1:0]? = 2 and BA[1:0] = 1 instead
13 52-55 Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 0, but BG[1:0]2 = 3 and BA[1:0] = 0 instead
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lpp2nT Measurement-Loop Pattern

o © © 1 o~ O T o
= - -~ b = -
g4 g < I g 232 s g
> E £ A |9 O = (NG )
S 3 E < < |8 0] = |2
o x |lo @ < Z <
0 D,D | 1 0o ololo|lo|lo|lo|lo|lo|o]oO -
1 D,D | 1 0|0 o|0|O0O|O0]O 0 0 0 0 0 -
0 _
2 D,D | 1 1 1 1 1 0[0]|32|3]0 0 0 7 F|O -
3 DD[1|1|1|1|1|0o|lo0o|32|3|0o|o|0o|7]|F]|o -
1 4-7 Repeat Sub-Loop 0, but ODT = 1, BG[1:0]2 = 1 and BA[1:0] = 1 instead
2 8-11 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 0 and BA[1:0] = 2 instead
3 12-15 Repeat Sub-Loop 0, but ODT = 1, BG[1:0]2 = 1 and BA[1:0] = 3 instead
4 16-19 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 0 and BA[1:0] = 1 instead
o |5 5 20-23 Repeat Sub-Loop 0, but ODT = 1, BG[1:0]2 = 1 and BA[1:0] = 2 instead
2|5
?é E 6 24-27 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 0 and BA[1:0] = 3 instead
- 28-31 = 02 = 0]=0]
& - Repeat Sub-Loop 0, but ODT = 1, BG[1:0]° = 1 and BA[1:0] = 0 instead
8 32-35 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 2 and BA[1:0] = 0 instead
9 36-39 Repeat Sub-Loop 0, but ODT = 1, BG[1:0] = 3 and BA[1:0] = 1 instead
10 40-43 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 2 and BA[1:0] = 2 instead
11 44-47 Repeat Sub-Loop 0, but ODT = 1, BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 48-51 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 2 and BA[1:0] = 1 instead
13 52-55 Repeat Sub-Loop 0, but ODT = 1, BG[1:0] = 3 and BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but ODT = 0, BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 0, but ODT = 1, BG[1:0]2 = 3 and BA[1:0] = 0 instead
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IDD4R! IDD4RA’ IDD4RB and IPP4R Measurement-Loop Pattern1

O T a
O 45 <
N - o
- N -
P B
<2-<

Cycle
Number
Command
RAS/A16
CAS/A15
WE/A14

DO =00, D1 = FF
D2 =FF, D3 =00
0 RD 0 1 1 0 1 o|0|O0O|O0]O 0 0 0 0 0 D4 = FE. D5 = 00
0 D6 =00, D7 = FF
1 D 1 o|jojo|jojojo|lO0O]O]|O 0 0 0 0 0 -
2-3 DD|1|1|1]1]|1|o]o0|32|3]|0]|0|0|7]|F]|oO -
DO =FF, D1 =00
D2 =00,D3 =FF
4 RD 0 1 1 0 1 0|0 1 1 0 0 0 7 F|O D4 = 00. D5 = FF
1 D6 = FF, D7 = 00
5 D 1 o|jojo0o|jo0ojojo|lO0O]O]|O 0 0 0 0 0
6-7 DD|1|1|1]1]|1|0o]o0|32|3|0]|0|0|7]|F]|oO -
2 8-11 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 2 instead
> 5|3 12-15 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 3 instead
= T
S|4 16-19 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 1 instead
gls ; .
L ) 20-23 Repeat Sub-Loop 1, but BG[1:0] = 1 and BA[1:0] = 2 instead
6 24-27 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 3 instead
7 28-31 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 0 instead
8 32-35 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 0 instead
9 36-39 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 1 instead
10 40-43 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
1 44-47 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 48-51 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 1 instead
13 52-55 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 1, but BG[1:0]% = 3 and BA[1:0] = 0 instead
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IDD4W’ IDD4WA’ IDD4WB! IDD4W par and |pp4w Measurement-Loop Pattern1

ACT
RAS/A16
CAS/A15
WE/A14
A[12]/BC

A[17,13,11]
A[10)/AP

Command
cs

@
22
2
L>Z

DO =00, D1 = FF
D2 =FF, D3 =00
0 WR | O 1 1 0 1 o|0|O0O|O0]O 0 0 0 0 0 D4 = FE. D5 = 00
0 D6 =00, D7 = FF
1 D 1 o|jojo|jojojo|lO0O]O]|O 0 0 0 0 0 -
2-3 DD|1|1|1]1]|1|o]o0|32|3]|0]|0|0|7]|F]|oO -
DO =FF, D1 =00
D2 =00,D3 =FF
4 WR | O 1 1 0 1 0|0 1 1 0 0 0 7 F|O D4 = 00. D5 = FF
1 D6 = FF, D7 = 00
5 D 1 o|jojo0o|jo0ojojo|lO0O]O]|O 0 0 0 0 0
6-7 DD|1|1|1]1]|1|0o]o0|32|3|0]|0|0|7]|F]|oO -
2 8-11 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 2 instead
> 5|3 12-15 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 3 instead
= T
S|4 16-19 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 1 instead
gls ; .
L ) 20-23 Repeat Sub-Loop 1, but BG[1:0] = 1 and BA[1:0] = 2 instead
6 24-27 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 3 instead
7 28-31 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 0 instead
8 32-35 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 0 instead
9 36-39 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 1 instead
10 40-43 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
1 44-47 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 48-51 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 1 instead
13 52-55 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 1, but BG[1:0]% = 3 and BA[1:0] = 0 instead
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lppawc Measurement-Loop Pattern’

ACT
RAS/A16
CAS/A15
WE/A14
A[12]/BC

A[17,13,11]
A[10)/AP

Command
cs

@
22
2
L>Z

DO = 00, D1 = FF
D2 =FF, D3 =00
0 WR | O 1 1 0 1 o|0|O0O|O0]O 0 0 0 0 0 | D4 =FF,D5=00
0 D6 =00, D7 = FF
D8 = CRC
1 D 1 o|jojo0o|lO0O|jO|jO|O]O]O 0 0 0 0 0 -
2-3 DD|{1|1|1]1]|1|o]o0|32|3|0]|0|0|7]|F]|oO -
DO =FF, D1 =00
D2 =00,D3 =FF
4 WR | O 1 1 0 1 0|0 1 1 0 0 0 7 F | 0 | D4=00,D5=FF
D6 = FF, D7 = 00
1 D8 = CRC
5 D 1 o|jojo0o|lO0O|jO|jO|O]O]O 0 0 0 0 0
6-7 DD|1|1|[1]1]|1|o]o0|32|3]|0]|0|0|7]|F]|oO -
ol 2 8-11 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 2 instead
2
é E 3 12-15 Repeat Sub-Loop 1, but BG[1:0] = 1 and BA[1:0] = 3 instead
L g 4 16-19 Repeat Sub-Loop 0, but BG[1:0]? = 0 and BA[1:0] = 1 instead
5 20-23 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
6 24-27 Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 3 instead
7 28-31 Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 0 instead
8 32-35 Repeat Sub-Loop 0, but BG[1:0]? = 2 and BA[1:0] = 0 instead
9 36-39 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 1 instead
10 40-43 Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
1 44-47 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
12 48-51 Repeat Sub-Loop 0, but BG[1:0]? = 2 and BA[1:0] = 1 instead
13 52-55 Repeat Sub-Loop 1, but BG[1:0]? = 3 and BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but BG[1:0]% = 2 and BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 0 instead
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IDD5B! |pp53, IDD5F2’ |pp5|:2, IDD5F4 and |pp5|:4 Measurement-Loop Pattern1

4 33 E < |2 |2 g = = £ =
@ 3 € lo @ < T <
0 0 REF | 1 o(fojojojojojojojojojo|jo|o|o -
1 D |1|o]o|o|lo]o|olo]o|olo]o|o[0]oO -
2 D 1 o(fojojojo;jojo|jojojojo|jo|o|o0 -
3 DD|[1|1|1|1|1|0o|l0o|32|3|0|0|0|7]|F]|oO -
4 DD|[1|1|1|1|1|0o|l0o|32|3|0|0|0|7]|F]|oO -
4-7 Repeat Pattern 1-4, but BG[1 :O]2 =0 and BA[1:0] = 2 instead
8-11 Repeat Pattern 1-4, but BG[1:0]2 = 0 and BA[1:0] = 2 instead
12-15 Repeat Pattern 1-4, but BG[1:0]2 = 1 and BA[1:0] = 3 instead
16-19 Repeat Pattern 1-4, but BG[1:0]2 = 0 and BA[1:0] = 1 instead
o |5 20-23 Repeat Pattern 1-4, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
%, (I_J 1 24-27 Repeat Pattern 1-4, but BG[1:0] = 0 and BA[1:0] = 3 instead
8 g 28-31 Repeat Pattern 1-4, but BG[1:0]2 = 1 and BA[1:0] = 0 instead
32-35 Repeat Pattern 1-4, but BG[1:0] = 2 and BA[1:0] = 0 instead
36-39 Repeat Pattern 1-4, but BG[1:0] = 3 and BA[1:0] = 1 instead
40-43 Repeat Pattern 1-4, but BG[1:0]2 = 2 and BA[1:0] = 2 instead
44-47 Repeat Pattern 1-4, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
For x4 and x8 only
48-51 Repeat Pattern 1-4, but BG[1:0]2 = 2 and BA[1:0] = 1 instead
52-55 Repeat Pattern 1-4, but BG[1:0]2 = 3 and BA[1:0] = 2 instead
56-59 Repeat Pattern 1-4, but BG[1:0]2 = 2 and BA[1:0] = 3 instead
60-63 Repeat Pattern 1-4, but BG[1:0] = 3 and BA[1:0] = 0 instead
2 64-nRFC - 1 Repeat Sub-Loop 1. Truncate if Necessary
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Ipp7 and lpp7; Measurement-Loop Pattern’

2 : < £ 3 Tgl8 58
53 : 3318 O S
(] <
0 ACT| 0| 0] O 1 1 o(ojo0ojo0ojO0OjO0O]|]O]O -
D0 =00,D1=FF
1 RDA | 0 | O 1 0 1 o(ofjojo0oj0]oO0 1 0 Bi - EE Bg _ 88
0 D6 = 00, D7 = FF
2 D 1 ofojojojojo|jo0ojo0ojo|jo|o0O|oO -
3 D 1 1 1 1 1 0|0]|32|3|0|0]|0]7 -
Repeat pattern 2-3 until NRRD - 1, if nNRCD > 4. Truncate if Necessary
nRRD AcT[ofofoJo[ofoJo[1]1]ofofo]o -
DO = FF, D1 =00
1 nRRD + 1 RDA | 0 1 1 0 1 o|oO0 1 1 0|0 1 0 gi _ 88: gg - EE
D6 = FF, D7 = 00
Repeat pattern 2-3 until 2*nRRD - 1, if NnRCD > 4. Truncate if Necessary
2 2*nRRD Repeat Sub-Loop 0, but BG[1:0]2 = 0 and BA[1:0] = 2 instead
3 3*nRRD Repeat Sub-Loop 1, but BG[1:0] = 1 and BA[1:0] = 3 instead
4 4*nRRD Repeat pattern 2-3 until NFAW - 1, if NFAW > 4*nRCD. Truncate if Necessary
o % 5 nFAW Repeat Sub-Loop 0, but BG[1:0]%2 = 0 and BA[1:0] = 1 instead
:g Q| 6 nFAW + nRRD Repeat Sub-Loop 1, but BG[1:0]2 = 1 and BA[1:0] = 2 instead
. % 7 nFAW + 2*nRRD | Repeat Sub-Loop 0, but BG[1:0]? = 0 and BA[1:0] = 3 instead
8 nFAW + 3*nRRD | Repeat Sub-Loop 1, but BG[1:0]% = 1 and BA[1:0] = O instead
9 nFAW + 4*nRRD | Repeat Sub-Loop 4
10 2*nFAW Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 0 instead
11 2*nFAW + nRRD | Repeat Sub-Loop 1, but BG[1:0]% = 3 and BA[1:0] = 1 instead
12 | 2*nFAW +2*nRRD | Repeat Sub-Loop 0, but BG[1:0] = 2 and BA[1:0] = 2 instead
13 | 2*nFAW + 3*nRRD | Repeat Sub-Loop 1, but BG[1:0]2 = 3 and BA[1:0] = 3 instead
14 | 2*nFAW + 4*nRRD | Repeat Sub-Loop 4
For x4 and x8 only
15 3*nFAW Repeat Sub-Loop 0, but BG[1:0]2 = 2 and BA[1:0] = 1 instead
16 | 3*nFAW + nRRD | Repeat Sub-Loop 1, but BG[1:0]? = 3 and BA[1:0] = 2 instead
17 | 3*nFAW + 2*nRRD | Repeat Sub-Loop 0, but BG[1:0]? = 2 and BA[1:0] = 3 instead
18 | 3*nFAW + 3*nRRD | Repeat Sub-Loop 1, but BG[1:0]% = 3 and BA[1:0] = 0 instead
19 | 3*nFAW + 4*nRRD | Repeat Sub-Loop 4
20 4*nFAW Repeat pattern 2-3 until nRC - 1, if NARC > 4*nFAW. Truncate if Necessary
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Notes:
1. DQS, DQS are VDD'
2. BG1 is don't care for a x16 device.

3. C[2:0] are used only for a 3DS device.
4. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are Vpp.
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Ipp Specifications

Parameter DDR4-2666
19-19-19

Ibpo 296 mA
IpDoa 304 mA
Ipp1 376 mA
Ibp1a 400 mA
IpD2N 224 mA
lbp2na 224 mA
- 264 mA
IpD2NL 168 mA
Ibp2nG 224 mA
Ibp2nD 216 mA
lbD2N_par 224 mA
Ibp2p 160 mA
Ibb2a 200 mA
Ibpan 304 mA
IbpaNA 304 mA
Ibpsp 248 mA
Ibpar 1008 mA
Ibp4rA 1032 mA
IbbarB 1024 mA
Ibpaw 864 mA
IbDawa 896 mA
Ibpaws 816 mA
Ibpawc 848 mA
IDD4W._par 1000 mA
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Ipp Specifications (Continued)

Parameter DDR4-2066
19-19-19

Ibpss 1800 mA
IbpsF2 1352 mA
IpDsF4 1200 mA
IbpeN 200 mA
IbpsEe 256 mA
Ibper 120 mA
Ibpea 256 mA
. 1168 mA
Ipps 96 mA
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Ipp Specifications

Parameter DDR4-2666
19-19-19

lppo 44 mA
lpp1 52 mA
lppoN 25.6 mA
lppop 25.6 mA
lpp3N 128 mA
lpp3p 128 mA
lppar 152 mA
lppaw 152 mA
lppsg 600 mA
lppsE2 400 mA
lppsFa 336 mA
lppeN 46.4 mA
lppeE 62.4 mA
lpper 374 mA
lppeA 62.4 mA
lpp7 144 mA
lppg 25.6 mA
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Input/Output Capacitance

DDR4-2666
Parameter Symbol Units Notes
Min Max
Input/output capacitance Cio 0.55 1.15 pF 1,2
Input/output capacitance delta Cpio -0.1 0.1 pF 1,2,8
Input/output capacitance delta, )
DQS and DQS Cbpas 0.05 pF 1,2,4
Input capacitance, CK and CK Cck 0.8 2.8 pF 1
Input capacitance delta, CK and CK Cpck - 0.2 pF 1,3
Input capaqltance, ADD_, CMD, CTRL C 08 28 oF 1.5
input-only pins
Input capacitance delta, ADD, CMD, CTRL c 0.4 04 F 167
input-only pins DI ' ' P T
Input capacitance of ALERT CALERT 2 6 pF 1

Notes:

1. This parameter is not subject to production test. It is verified by design and characterization. The silicon only
capacitance is validated by de-embedding the package L & C parasitic. The capacitance is measured with
Vb, Vppas Vss: Vssa applied with all other signal pins floating. Measurement procedure TBD.

2. DQ, DM, DQS, DQS, TDQS, TDQS. Although the DM, TDQS and TDQS pins have different functions, the
loading matches DQ and DQS

3. Absolute value CK - CK

4. Absolute value of C;p(DQS) - C,O(DQS)

5. C, applies to ODT, CS, CKE, A0-A17, BAO-BA1, BG0-BG1, RAS/A16 CAS/A15 WE/A14 ACT and PAR.

6. Cp, applies to ODT, CS CKE, A0-A17, BAO-BA1, BG0-BG1, RAS/A16, CAS/A15, WE/A14, ACT and PAR.

7. Cp=C/-05* (C|(CLK) + C,(CLK))

8. Cpio = Cio(DQ, DM) - 0.5 * (Cio(DQS) + Co(DQS)).
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Declaration of Conformity

Responsible Party Name: SMART Modular Technologies, Inc.
Address: 39870 Eureka Drive

Newark, CA 94560-4809, USA
Phone: +1-510-623-1231

hereby declares that the products:
ST1026MP41W693HC

to which this declaration relates are in conformity with the following Directives and other normative documents:

RoHS Directive 2011/65/EU

Restriction of the use of certain hazardous substances in electrical and electronic equipment

¢ EN 50581:2012
Technical documentation for the assessment of electrical and electronic products with respect to the restriction
of hazardous substances

Name: Jeffrey Milano
Title: Director, Worldwide Quality
Date: February 12, 2019

Representative in the European Union (for regulatory topics only):
Mr. Graham Kyle

SMART Modular Technologies (Europe) Ltd.

312 Nasmyth Building, Nasmyth Avenue

Scottish Enterprise Technology Park

East Kilbride, Scotland, G75 0QR
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Disclaimer:

No part of this document may be copied or reproduced in any form or by any means, or transferred to any third
party, without the prior written consent of an authorized representative of SMART Modular Technologies, Inc.
(“SMART”). The information in this document is subject to change without notice. SMART assumes no responsibil-
ity for any errors or omissions that may appear in this document, and disclaims responsibility for any conse-
quences resulting from the use of the information set forth herein. SMART makes no commitments to update or to
keep current information contained in this document. The products listed in this document are not suitable for use
in applications such as, but not limited to, aircraft control systems, aerospace equipment, submarine cables,
nuclear reactor control systems and life support systems. Moreover, SMART does not recommend or approve the
use of any of its products in life support devices or systems or in any application where failure could result in injury
or death. If a customer wishes to use SMART products in applications not intended by SMART, said customer must
contact an authorized SMART representative to determine SMART’s willingness to support a given application.
The information set forth in this document does not convey any license under the copyrights, patent rights, trade-
marks or other intellectual property rights claimed and owned by SMART. The information set forth in this docu-
ment is considered to be “Proprietary” and “Confidential” property owned by SMART.

ALL PRODUCTS SOLD BY SMART ARE COVERED BY THE PROVISIONS APPEARING IN SMART'S TERMS
AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATIONS OF LIABILITY, WARRANTY AND
INFRINGEMENT PROVISIONS. SMART MAKES NO WARRANTIES OF ANY KIND, EXPRESS, STATUTORY,
IMPLIED OR OTHERWISE, REGARDING INFORMATION SET FORTH HEREIN OR REGARDING THE FREE-
DOM OF THE DESCRIBED PRODUCTS FROM INTELLECTUAL PROPERTY INFRINGEMENT, AND
EXPRESSLY DISCLAIMS ANY SUCH WARRANTIES INCLUDING WITHOUT LIMITATION ANY EXPRESS,
STATUTORY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PUR-
POSE.

©2012 SMART Modular Technologies, Inc. All rights reserved.
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