High Speed Highly Integrated 4GB DDR4 Memory Module

FEATURES SPEED GRADES! Marking

e Wide Word DD4 SDRAM Module * FBGA package (Pb-free)
 Configurations: —321-ball 15mm x 20mm
e —64Meg x 32 x 8 banks x 2 Channels - 0.8mm pitch .
e —64Megx 72 x 8 banks x 1 Channels ¢ Timing - cycle time'
e —64Meg x 40 x 8 banks x 2 Channels - 0.625ns @ CL = 22 (DDR4-3200) -062
* Vpp =Vppg = 1.2V +60mV —0.682ns @ CL = 20 (DDR4-2933) -068
e Vpp=2.5V,-125mV/+250mV —0.750ns @ CL =19 (DDR4-2666) -75
* On-chip, internal, adjustable Vggrpq generation —0.833ns @ CL = 17 (DDR4-2400) -083
* 1.2V pseudo open-drain I/0 -0.937ns @ CL = 16 (DDR4-2133) -093
e T¢ of 0°C to 95°C; Extended Temps Available - 1-071.HS @ CL =13 (DDR4-1866) -107
—64ms, 8192-cycle refresh at 0°C to 85°C * Operating tf}mper atur
—32ms between 85°C to 95°C — Commercial (0° < @ °C) None
—16ms between 95°C to 105°C
—8ms between 105°C to 125°C Note 1. Limite&:\‘l bility on some options.
8 internal banks: 2 groups of 4 banks each Co fattory before ordering.

8n-bit prefetch architecture

Programmable data strobe preambles

Data strobe preamble training Q~
Command/Address latency (CAL) O
Multipurpose register READ and WRITE capability

Write and read leveling Q

Self refresh mode %
Low-power auto self refresh (LPASR)

Temperature controlled refresh (TCR) Q

Fine granularity refresh

Self refresh abort

Maximum power saving O
Output driver calibration %
Nominal, park, and dynamic on- ination
(ODT)

Data bus inversion (DBI) fo us
Command/Address (CA)

Databus write cyclic re cy check (CRC)
Per-DRAM addressabilit

Connectivity test
JEDEC JESD-79 compliant ,l
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TABLE 1: KEY TIMING PARAMETERS
Speed Grade Data Rate (MT/s) Target 'RCD- 'RP-CL tRCD (ns) RP (ns) CL (ns)
-062 6 3200 22-22-22 13.75 13.75 13.75
-068° 2933 21-21-21 14.32 14.32 14.32
-0754 2666 19-19-19 14.25 14.25 14.25
-0833 2400 17-17-17 14.16 14.16 14.16
-0932 2133 16-16-16 15 15 15
107" 1866 13-13-13 13.92 13.92 13.92

Notes: 1. Backward compatible to 1600, CL = 11.
. Backward compatible to 1600, CL = 11 and 1866, CL = 13.

. Backward compatible to 1600, CL = 11; 1866, CL = 13; 2133, CL =15

2 t\;
3. Backward compatible to 1600, CL = 11; 1866, CL = 13; and 2133, CL = 15@
4

CL = 17. Limited availability.

;a
Backward compatible to 1600, CL = 11; 1866, CL = 13; 2133, CL = 15'&), L =17; and 2666, CL = 19.
5. Limited availability.
Backward compatible to 1600, CL = 11; 1866, CL = 13; 2133, CL 1?2’00, CL=17; 2666, CL =19; and 2933,
6. CL=20and CL = 21. Limited availability.

TABLE 2: ADDRESSING

Parameter

512 Meg x 32(40)

Number of bank groups

Bank group address

Bank count per group Py \\ 4
Bank address in bank group /Qv) BA[1:0]
Row addressing P / 64K (A[15:0])
Column addressing \( ) 1K (A[9:0])
Page size 2KB

FIGURE 1 - PART NUMBERS

l Leaded
DDR4 HiMOD G Green
Word = 512MB PBGA
15 X 20 mm 107 | 1.07ns /1866 Mbps
093 0.93ns / 2133 Mbps
Wordl\l%idth 083 | 0.83ns/2400 Mbps
X

S = Single Channel
D = Dual Channel

Example: ST9D4512M40DBGO0I1125

Note: Not all options can be combined.
Contact Sales for available offerings.

075 0.75ns / 2666 Mbs
068 0.68ns / 2933 Mbs
062 0.62ns / 3200 Mbs

Commercial (0°Cto 70°C) | C
Industrial (-40°C to 85°C) |
Extended (-40°C to 105°C)| E
Military (-55°C to 125°C) M
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General Notes and Description

Advanced Information
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Description

This DDR4 SDRAM Module is a high-speed dynamic random-access memory internally
configured as an eight-bank DRAM. The module uses an 8n-prefetch architecture to
achieve high-speed operation. The 8n-prefetch architecture is combined with an inter-
face to transfer two data words per clock cycle at the I/0 pins.

A single READ or WRITE operation for the DDR4 SDRAM consists of a single 8n-bit
wide, four-clock data transfer at the internal DRAM core and two corresponding n-bit
wide, one-half-clock-cycle data transfers at the I/0 pins. on page

Extended Temperatures

Industrial temperature (IT) device operation requires tja
ceed below —40°C or above 95°C. JEDEC specificatio ire the refresh rate to double
when TC exceeds 85°C; this also requires use of t ig\-temperature self refresh option.
Above 95°C the required refresh rate requiremegg{ag®n doubles. Additionally, ODT
resistance and the input/output impedance ;ﬁ% derated when operating outside of

(W case temperature not ex-

the commercial temperature range, when tween -40°C and 70°C.

General Notes

The functionality and the tingNg specifications discussed in this data sheet are for the
DLL enabled mode of op% (normal operation), unless stated otherwise.

¢ Throughout the data shee\the various figures and text refer to DQs as “DQ.” The DQ
e term is to be inter as any and all DQ collectively, unless specifically stated oth-

erwise.

e The terms “_t#An®/ c” are used to represent the true and complement of a differen-
tial signal

e The term s used to represent a signal that is active LOW.

e The tr
D

QS” and “CK” found throughout the data sheet are to be interpreted as
QS_c and CK_t, CK_c respectively, unless specifically stated otherwise.
specific requirement takes precedence over a general statement.

functionality not specifically stated is considered undefined, and not supported,

and may result in unknown operation.

¢ Addressing is denoted as BG[n] for bank group, BA[#n] for bank address, and A[#n] for
row/col address.

¢ The NOP command is only allowed when exiting maximum power savings mode or
when entering gear-down mode, and only a DES command should be used.

¢ Not all specifications listed are finalized industry standards; best estimates are pro-
vided when an industry standard has not been finalized.

e The Module must reach a stable Vpp level and CKE must be toggled at least once
every 8192 x 'REFI for proper operation. In the event CKE is tied HIGH, toggling CS_n
at least once every 8192 x ‘REFI is an acceptable alternative. Placing the DRAM into
self refresh alleviates the need to toggle CKE.
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FIGURE 2: ST9D4512M32DBG0 EQUIVALENT FUNCTIONAL DIAGRAM
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FIGURE 3: ST9D4512M72SBG0 EQUIVALENT FUNCTIONAL DIAGRAM
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FIGURE 4: ST9D4512M40DBGO0 EQUIVALENT FUNCTIONAL DIAGRAM
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FIGURE 5: ST9D4512M32DBGO0 DETAILED ELECTRICAL DIAGRAM
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FIGURE 6: S 2M72SBGO0 DETAILED EL DIAGRAM
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FIGURE 8: ST9D4512M32DBGO0 BALL ASSIGNMENTS (ToP VIEW)
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N VssQ VssQ VssQ Q VssQ VssQ N

P RFU CS#HA / RFU P

R RFU ODTA ‘ ODTB | RFU R

T VssQ VssQ VssQ [RASH#A RAS#B | VssQ VssQ VssQ T

u RFU CAS<'\ CAS#B | RFU u

y 2

\ RFU v WE#B | RFU \

w FU 3 A13B | RFU w

Y VssQ VssQ AL2A Al12B VssQ VssQ VssQ Y
AA DM1A DM3A ABA AlIA Al1B A8B ACT#B DM3B | DM1B AA
AB LERTA| A7A | AL0A AL0B | A7B |ALErTB AB
AC ABA A9A A9B A6B AC

1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
[ oo (core) [ v + (1/0 Power) [ patalo [ Address
[ Jonmu [ v + (Core Power) [ Levelrer [ reu
321BGA-0.80mm Pitch
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FIGURE 9: ST9D4512M72SBG0 BALL ASSIGNMENTS (ToP VIEW)

Ball Assignments

1 2 3 4 5 6 7 10 11 12 13 14 15 16 17
A PARITYA[ BAOA [ AOA AOB | BAOB |PARITYB A
B TENA BGOA | BALIA | AlA Al1B BA1B | BGOB TENB B
c DM2A DM4A | A2A A2B DM2B DMOB C
D VssQ VssQ A3A A3B VssQ VssQ D
E A4A A4B | RFU E
F A5A A5B | RFU F
G VssQ VssQ VssQ |RESET#A RESET#H VssQ VssQ VssQ G
H CKEA CKEB | RFU H
J CLKA CLKB | RF J
K CLK#A cuéB Lf K
L VssQ VssQ VbD VssQ VssQ VssQ VssQ L
M VssQ VssQ VssQ VssQ VssQ VssQ M
N VssQ VssQ VssQ VssQ VssQ VssQ N
P CS#HA / CS#B | RFU P
R OfTA ODTB | RFU R
T VssQ VssQ Vss A RAS#B | VssQ VssQ VssQ T
U CAS#A CAS#B | RFU U
\ WE#A WE#B | RFU \
w AL3A Al13B | RFU w
Y VssQ VssQ | VssQ Al12A Al2B VssQ VssQ VssQ Y
AA DM1A DM3A ACT#A | ABA Al1A A11B A8B |ACT#B DM3B | DM1B AA
AB ALERT#A [ A7A | Al0A AL0B | A7B |ALERT#B AB
AC ABA A9A A9B A6B AC
1 2 3 4 5 6 7 10 11 12 13 14 15 16 17
[ GND (Core) I v -+ (/0 Power) [ patalo [ Address
[—Jonmre [ v + (Core Power) [ Level rer [Crru
321BGA-0.80mm Pitch
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FIGURE 10: ST9D4512M40DBGO0 BALL ASSIGNMENTS (ToP VIEW)

1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17
A PARITYA AOA PARITYB A
B TENA BGOA AlA BGOB B
o B | | [ L o ]
D A3A o‘ VssQ D
: B ) :
F A5A - F
G RESET#A G
H CKEA i H
J CLKA - J
K CLK#A - K
L VssQ L
: 2 — M
N 9 N
K¢
P CS#HA Cs#B - P
R ODTA OoDTB - R
T RAS#A RAS#B T
U CASH#A CAS#B - U
\ WE#A WE#B - \
W Al13A Al13B - W
Y VssQ VssQ | VssQ A12A A12B VssQ VssQ Y
AA ACT#A | ABA Al1A AllB A8B | ACT#B AA
AB ALERTA| A7A | AL0A AL0B | A7B |ALERTH] AB
AC ABA A9A A9B A6B AC
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17
[ 6o (Core) [N v + (/O Power) [ patalo [ Address
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Ball Descriptions

TABLE 3: BALL DESCRIPTIONS

Symbol Type
A[9:0; A11:A13] Input

Description

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_n, WE_n/A14, CAS_n/A15, RAS_n/A16 have addi-
tional functions - see individual entries in this table.) The address inputs also provide
the op-code during the MODE REGISTER SET command.

AN
s to determine

A10/AP Input Auto precharge: A10 is sampled during READ and WRITE c' W

whether auto precharge should be performed to the acdgssed bank after a READ or
WRITE operation. (HIGH = auto precharge; LOW =n PrEcharge.) A10 is sam-
pled during a PRECHARGE command to determln&ther the PRECHARGE applies
to one bank (A10 LOW) or all banks (A10 HIGH) one bank is to be precharged,
the bank is selected by the bank group ar@ ddresses.

Burst chop: A12/BC_n is sampled duri and WRITE commands to determine if
burst chop (on-the-fly) will be perf IGH no burst chop; LOW = burst chop-
ped). See the Command Truthp

A12/BC_n Input

anvACTIVATE command. When ACT_n (along with
*n/A16, CAS_n/A15,and WE_n/A14 are treated as
row address inputs for t\{ TIVATE command. When ACT_n is HIGH (along with
CS_n LOW), thei ins RAS_n/ A16, CAS_n/A15, and WE_n/A14 are treated as nor-
mal command m the RAS_n, CAS_n, and WE_n signals. See the Command
Truth Table,.%

Input Bank a S| pvuts: Define the bank (within a bank group) to which an ACTIVATE,
REA , or PRECHARGE command is being applied. Also determines which
Am?L ister is to be accessed during a MODE REGISTER SET command.

n

BG[0] Input % group address inputs: Define the bank group to which a REFRESH, ACTIVATE,
Q AD, WRITE, or PRECHARGE command is being applied. Also determines which

ACT_n Input Command input: ACT_n ind{

CS_n) is LOW, the input pg

BA[1:0]

mode register is to be accessed during a MODE REGISTER SET command.

CO/CKET, Inpat Stack address inputs: These inputs are used to select the second rank in stacked devices.
C1/CS1_n, These pins reserved for future use and not utilized on ST9D4512M72BGO0 or
C2/0DT1 ST9D4512M80BGO.
CK_t, Input Clock: Differential clock inputs. All address, command, and control input signals are
CK_c sampled on the crossing of the positive edge of CK_t and the negative edge of CK_c.
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Ball Descriptions

TABLE 3: BALL DESCRIPTIONS (CONTINUED)

Symbol

Type

Description

CKE

Input

Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock sig-
nals, device input buffers, and output drivers. Taking CKE LOW provides PRECHARGE
POWER-DOWN and SELF REFRESH operations (all banks idle), or active power-down
(row active in any bank). CKE is asynchronous for self refresh exit. After VREFCA has
become stable during the power-on and initialization sequence, it must be main-
tained during all operations (including SELF REFRESH). CKE must be maintained HIGH
throughout read and write accesses. Input buffers (excluding CK_t, CK_c, ODT, RE-
SET_n, and CKE) are disabled during power-down. Input buffers (excluding CKE and
RESET_n) are disabled during self refresh.

Input

for external rank selection on systems with multiple ranks. C nsidered part of

Chip select: All commands are masked when CS_n is registere%ElGH. CS_n provides
the command code.

DM[4:0]_n,

Input

when DM is sampled LOW coincident with that input™ata during a write access. DM

is sampled on both edges of DQS. :

Input data mask: DM_n is an input mask signal f(&rl\m. Input data is masked

oDT

Input

On-die termination: ODT (re @IGH ) enables termination resistance internal
to the DDR4 SDRAM. When DT (RTT) is applied only to each DQ, DQS_t,
DQS_c, DM_n/DBI_n/TD TDQS c signal for the x4 and x8 configurations
(when the TDQS functl nabled via mode register). For the x16 configuration, R 11

is applied to each )@ l _t,DQSU_c, DQSL_t, DQSL_c, UDM_n, and LDM_n signal.
The ODT pin w)& @ ored if the mode registers are programmed to disable R 7.

PAR

Input

and address: This function can be enabled or disabled via the

configuration-specific should be treated internally as Os by the DRAM parity
logic. Command and address inputs will have parity check performed when com-
mands are latched via the rising edge of CK_t and when CS_n is LOW.

Xe y the parity signal are CS_n, CKE, and ODT. Unused address pins that are density-
d

RAS_n/Al16

WE_n/A14

CAS_n/A15,

Command inputs: RAS_n/A16, CAS_n/A15, and WE_n/A14 (along with CS_n and
ACT_n) define the command and/or address being entered. See the ACT_n descrip-
tion in this table.

RESET_n

Active LOW asynchronous reset: Reset is active when RESET_n is LOW, and inac-
tive when RESET_n is HIGH. RESET_n must be HIGH during normal operation. RESET_n
is a CMOS rail-to-rail signal with DC HIGH and LOW at 80% and 20% of VDD

TEN

Input

Connectivity test mode: TEN is active when HIGH and inactive when LOW. TEN
must be LOW during normal operation. TEN is a CMOS rail-to-rail signal with DC
HIGH and LOW at 80% and 20% of VDD
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Ball Descriptions

TABLE 3: BALL DESCRIPTIONS (CONTINUED)

Symbol Type Description
DQ[39:0] 1/0 Data input/output: Bidirectional data bus. If write CRC is enabled via mode register, the
write CRC code is added at the end of data burst.
i
DBI[4:0]_n, 1/0 DBI input/output: Data bus inversion. DBI_n is an input/output signal used for data
bus inversion. DBI can be configured for both READ (output) and WRITE (input) opera-
tions depending on the mode register settings. The DM, DBI, ar{ TDQS functions are
enabled by mode register settings.
DQS5:0]_t, 1/0 Data strobe: Output with READ data, input TE data. Edge-aligned with
DQSI[5:0]_c, READ data, centered-aligned with WRITE 4 SDRAM supports a differential data
strobe only and does not support a si@ d data strobe
R4
ALERT_n Output Alert output: This signa S¥he DRAM to indicate to the system's memory con-
troller that a specific ale\ event has occurred. Alerts will include the command/
address parity err th® CRC data error when either of these functions is enabled
in the mode reghs
Q) A
Voo &1?3’ Power supply: 1.2V £0.060V.
Vopa Supply DQ power supply: 1.2V +0.060V.
Vpp Supply DRAM activating power supply: 2.5V -0.125V/+0.250V.
VRerca Supply Reference voltage for control, command, and address pins.
Vs Supply Ground.
Vssa Supply DQ ground.
RFU - Reserved for future use.
NC - No connect: No internal electrical connection is present.
NF - No function: May have internal connection present but has no function.
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FIGURE 11: BG0 PACKAGE DIMENSIONS
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ST9D4512M40DBGO
State Diagram

This state diagram provides an overview of the state transitions and the commands to control them. Situations

involving more than one bank, the enabling or disabling of on-die termination, and certain other events are not
captured in full detail.

FIGURE 12: SIMPLIFIED STATE DIAGRAM

lvREFDQ'
R, and
From any state RESET SRX* = SRX with NOP
CKE_L
POV\{er MRS, MPR, /D
apphed write leveling,
—( Power-On |—— RESET - —| Initialization Veerpg  training
S
TEN=1 : ——
zQcL
Refreshing
Bank
active | T~
. READ
; WRITE A
WRITE A
PRE, PREA
PRE, PREA PRE, PREA Reading
A “~
___________________________________ Prechargin

gy Automatic

sequence

Command
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sequence
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TABLE 4: STATE DIAGRAM COMMAND DEFINITIONS

Advanced Information

ST9D4512M32DBGO
ST9D4512M72SBGO
ST9D4512M40DBGO

Command Description

ACT Active

MPR Multipurpose register

MRS Mode register set

PDE Enter power-down

PDX Exit power-down

PRE Precharge

PREA Precharge all

READ RD, RDS4, RDS8 N
READ A RDA, RDAS4, RDAS8

REF Refresh, fine granularity refresh A\
RESET Start reset procedure K \V
SRE Self refresh entry N\

SRX Self refresh exit “?

TEN Boundary scan mode enable /\S‘

WRITE WR, WRS4, WRS8 with/without CRC P

WRITE A WRA, WRAS4, WRAS8 with/without R )

ZQCL ZQ calibration long

ZQCS ZQ calibration short \évv

Note: 1. See the Command Table for more details.

&
O
R

§
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Functional Description

This DDR4 SDRAM Module is a high-speed dynamic random-access memory internally configured as eight banks
in 2 bank groups. The device uses double data rate (DDR) architecture to achieve high-speed operation. DDR4
architecture is an 8n-prefetch architecture with an interface designed to transfer two data words per clock cycle at
the I/0 pins. A single read or write access for a device module effectively consists of a single 8n-bit-wide, four-clock
cycle data transfer at the internal DRAM core and eight corresponding n-bit wide, one half clock cycle data trans-
fers at the I/0 pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected location and continue for a
burst length of eight or a chopped burst of four in a programmed sequence. Operation begins with the registering
an

ACTIVE command, then followed by a READ or WRITE command. The address bits registered coincident with the
ACTIVE command are used to select the bank and row to be accessed; BGO selects the bank group, BA[1:0] select
the bank, and A[15:0] selects the row. The address bits registered coincident with the READ or WRITE command
select the starting column location for the burst operation, determine if the auto PRECIM{RGE command is to be
issued (via A10), and select BC4 or BL8 mode on-the-fly (OTF) (via A12) if enabled i ode register.

Prior to normal operation, the device must be powered up and initialized. The g provides detailed informa-
tion covering device reset and initialization, register definitions, command iions, and device operation.

NOTE: The use of the NOP command is allowed only when exiting maxi wer saving mode or when entering
gear-down mode.

To ensure proper device function, the power-up and reset initializa ault values

for the following mode register (MR) settings are defined as:

e Gear-down mode (MR3 A[3]): 0 = 1/2 rate O

e DRAM addressability (MR3 A[4]): 0 = disable

* Maximum power-saving mode (MR4 A[1]): 0 = disa $

e CS to command/address latency (MR4 A[8: 6 ) 00QQ = able
e CA parity latency mode (MR5 A[2:0]): 000 =

&

§
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Electrical Specifications

Absolute Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and func-
tional operation of the device at these or any other conditions outside those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
adversely affect reliability. Although “unlimited” row accesses to the same row is allowed within the refresh period;
excessive row accesses to the same row over a long term can result in degraded operation.

TABLE 5: ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min N Max Unit Notes
Vop Voltage on Vpp pin relative to Vsg —Oss 1.5 \Y 1
Vbbq Voltage on Vppq pin relative to Vsg o\ 1.5 \ 1
Vpp Voltage on Vpp pin relative to Vs L T4 3.0 % 3
Vin: Vout Voltage on any pin relative to Vs N‘i -04 1.5 \Y
Tsto Storage temperature “Y - -55 150 °C 2

g
Notes: 1. VDD and VDDQ must be within 3004 ch other at all times, and VREF must not be
greater than 0.6 x VDDQ. When VRN

2. Storage temperature is the case @
DRAM. For the measuremen@ ons, please refer to the JESD51-2 standard.

3. VPP must be equal to or@ than VDD/VDDAQ at all times when powered.

Operating temperature, TOPER, is the Cas?CJ '
en

gtemperature on the center/top side of the DRAM. For measure-
SD51-2.

ment conditions, refer to the JEDEC doc

Toper Normal ofera n;temperature range 0 85 °C 1
Extenwerature range (optional)>85 >85 95 °C 2
\

Notes: ~ 1. The normal temperature range specifies the temperatures at which all DRAM specifica-
tions will be supported. During operation, the DRAM case temperature must be main-
tained between 0°C to 85°C under all operating conditions for the commercial offering;
The industrial temperature offering allows the case temperature to go below 0°C to
-40°C.

2. 2.Some applications require operation of the commercial and industrial temperature
DRAM s in the extended temperature range (between 85°C and 95°C case temperature).
Full specifications are supported in this range, but the following additional conditions
apply:

e REFRESH commands must be doubled in frequency, reducing the refresh interval tREFI
to 3.9us. It is also possible to specify a component with 1X refresh (fREFI to 7.8us) in
the extended temperature range.
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Electrical Characteristics — AC and DC Operating Conditions

e |If SELF REFRESH operation is required in the extended temperature range, it is mandatory to use either the manual self
refresh mode with extended temperature range capability (MR2[6] = 0 and MR2 [7] = 1) or enable the optional auto self
refresh mode (MR2 [6] = 1 and MR2 [7] = 1).

Electrical Characteristics — AC and DC Operating Conditions

Supply Operating Conditions

TABLE 7: RECOMMENDED SUPPLY OPERATING CONDITIONS

Rating N
Symbol |Parameter Min Typ Ma@ Unit Notes
Vop Supply voltage 1.14 1.2 @\ \ 1,2,3,4,5
Vbpq Supply voltage for output 1.14 1.2 (\Y \ 1,2,6
Vpp Wordline supply voltage 2375 2.5 %\ 2.750 \Y 7

Notes: 1. Under all conditions Vppq must be less @ qual to Vpp.

2. Vppq tracks with Vpp. AC parametery®e \easured with Vpp and Vppq tied together.

3. Vpp slew rate between 300mV aneeg&e of Vpp,min shall be between 0.004 V/ms and 600
V/ms, 20 MHz band-limited med @ ent.

4. Vpp ramp time from 300mV oD.min shall be no longer than 200m:s.

5. Astable valid Vpp level ig@s C level (0 Hz to 250 KHz) and must be no less than
Vpp,min @and no greater pD,max- |f the set DC level is altered anytime after initializa-
tion, the DLL reseca rations must be performed again after the new set DC level

is final. AC noise g dmV (greater than 250 KHz) is allowed on Vpp provided the noise
s than Vpp min Or greater than Vpp max-

doesn’t alter
6. Astable vaj level is a set DC level (0 Hz to 250 KHz) and must be no less than

VbpQ,min ng greater than Vppq max- If the set DClevel is altered anytime after initiali-
zation LL reset and calibrations must be performed again after the new set DC
leveafiNal. AC noise of x60mV (greater than 250 KHz) is allowed on Vppq provided the

n:'s oesn't alter Vppq to less than Vppq min Or greater than Vppg max-
7 ble valid Vpp level is a set DC level (0 Hz to 250 KHz) and must be no less than
pp,min @and no greater than Vpp . If the set DC level is altered anytime after initializa-
ion, the DLL reset and calibrations must be performed again after the new set DC level
?\ is final. AC noise of £120mV (greater than 250 KHz) is allowed on Vpp provided the noise
doesn’t alter Vpp to less than Vpp nin or greater than Vpp max.

TABLE 8: Vp, SLEW RATE

Symbol Min Max Unit Notes
Vbp_sl 0.004 600 V/ms 1,2
VDD_on - 200 ms 3

Notes: 1. Measurement made between 300mV and 80% Vpp (Mminimum level).
2. The DC bandwidth is limited to 20 MHz.
3. Maximum time to ramp Vpp from 300 mV to Vpp minimum.
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TABLE 9: LEAKAGE

Condition Symbol Min Max Unit Notes
Input leakage (excluding ZQ and TEN) N -4 4 UA 1
ZQ leakage I7q -6 6 HA 2
TEN leakage l1eEN -12 20 UA 1,2
Vrerca leakage IVREFCA -4 4 pA 3
Output leakage: Voyr = Vppg lozpd - 10 UA 4
Output leakage: Voyr =Vssq lozpu -50 - UA 4,5

Notes: 1. InputundertestOV <VIN < 1.1V.
Additional leakage due to weak pull-down.

VRrerca = Vpp/2, Vpp at valid level after initialization.
DQs are disabled. O

2.
3.
4.
5.

ODT is disabled with the ODT input HIGH.

VREFcA Supply

VREECA is to be supplied to the DRAM and equal to Vpp/2. The VRERC S
does not draw biasing current.

The DC-tolerance limits and AC-noise limits for the reference g s Vrerca are illustrated in the figure below.
The figure shows a valid reference voltage Vygr(y) as a func e (Vggr stands for VRgrca). VREF(DC) is the
linear average of VRgg() over a very long period of time ( ; d). This average has to meet the MIN/MAX require-

ments. Furthermore, Vygp(;) may temporarily deviate fr EF(DC) by no more than +1% Vpp for the AC-noise
limit.

FIGURE 13: Vierpo VOLTAGE RANGE

A Voltage V

\\\; Voo
VRero) MAX
Vpp /2
Veero) MIN

VSS
Time
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The voltage levels for setup and hold time measurements are dependent on Vggr. VRgr is understood as VRgr(nc),
as defined in the above figure. This clarifies that DC-variations of Vygr affect the absolute voltage a signal has to
reach to achieve a valid HIGH or LOW level, and therefore, the time to which setup and hold is measured. System
timing and voltage budgets need to account for Vrggpc) deviations from the optimum position within the data-
eye of the input signals. This also clarifies that the DRAM setup/hold specification and derating values need to
include time and voltage associated with Vggr AC-noise. Timing and voltage effects due to AC-noise on Vggg up to
the specified limit (+1% of Vpp) are included in DRAM timings and their associated deratings.

Vrerpg Supply and Calibration Ranges

The device internally generates its own Vrgrpg. DRAM internal Vrgrpq specification pagameters: voltage range,
step size, VRgr step time, Vggg full step time, and Vggg valid level are used to help pr
internal Vrgrpq and are not pass/fail limits. The voltage operating range specifie
for DDR4 SDRAM devices. The minimum range is defined by VRgrpQ,min and

should be performed by the DRAM controller to adjust Vrgrpg and optimiz
DRAM data input receivers.

stimated values for the
inimum required range
/max- A calibration sequence
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TABLE 10: Vierpo SPECIFICATION

Parameter Symbol Min Typ Max Unit Notes
Range 1 Vgerpq VRrerDQ 60% - 92% Vbba 1,2
Range 2 Vgerpg VRerpQ 45% - 77% Vobpa 1,2
V Rer VREF,step 0.5% -0.65% 0.8% Vbba 3
V Rer VREE set_tol -1.625% 0% 1.625% Vbba 4,5,6,
-0.15% 0% 0.15% Vbba 4,7,8,
V Rer VREE time - - 150 ns 9,10, 11
V Rer VREF val_tol -0.15% 0% 0.15% Vbba 12

Notes: VRrer(pe) Voltage is referenced to Vppqe)- Vbpqoc) is 1.2V.

DRAM range 1 or range 2 is set by the MRS6[6]6.

VRer step size increment/decrement range. Vg at D'I.
VREF new = VREF,old N X VREE step; N = number of s}( e

uon

use -.

AW~

u,on

rement, use “+," if decrement,

5. For n >4, the minimum value of Vgg setting t
maximum value of Vggf setting tolerance =
6. Measured by recording the MIN and
drawing a straight line between th
tings to that line.
7. For n =4, the minimum value
maximum value of Vggr setq
8. Measured by recordin
tive steps (n = 4), drawin
output settings tq line.
9. Time from MR nd to increment or decrement one step size for Vgge.
10. Time from@ opfmand to increment or decrement more than one step size up to the
\Y

nce = VREF,neW -1.625% x VDDQ' The
new +1.625% x VDDQ'
lues of the Vggr output over the range,
ts, and comparing all other VREF output set-

etting tolerance = Vggpnew - 0.15% x Vppq. The
olerance = Vgggnew + 0.15% x Vppgq.

and MAX values of the Vggr output across four consecu-
traight line between those points, and comparing all Vgge

full rang P
11. Ifthe onitor is enabled, Vggr must be derated by +10ns if DQ bus load is OpF and
an itNQnal +15 ns/pF of DQ bus loading.
12. O a3%B!icable for DRAM component-level test/characterization purposes. Not ap-
i b'te for normal mode of operation. Vggg valid qualifies the step times, which will be
aracterized at the component level.

\ D
Vrerpg Ranges

MR6[6] selects range 1 (60% to 92.5% ofVDDQ) or range 2 (45% to 77.5% ofVDDQ), and MR6(5:0] sets the VREFDQ
level, as listed in the following table. The values in MR6[6:0] will update the Vppq range and level independent of
MR6[7] setting. It is recommended MR6(7] be enabled when changing the settings in MR6(6:0], and it is highly
recommended MR6[7] be enabled when changing the settings in MR6[6:0] multiple times during a calibration
routine.
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Electrical Characteristics — AC and DC Single-Ended Input Measurement Levels

TABLE 11: Vgerpo RANGE AND LEVELS

MR6[6] 0 = MR6[6] 1 = MR6[6] 0 = MR6[6] 1 =
MR6[5:01] Range 1 Range 2 MR6[5:01] Range 1 Range 2
00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 011011 77.55% 62.55%
000010 61.30% 46.30% 011100 78.20% 63.20%
000011 61.95% 46.95% 011101 78.85% 63.85%
000100 62.60% 47.60% 011110 79.50% 64.50%
000101 63.25% 48.25% 011111 80.15% 65.15%
000110 63.90% 48.90% 10 0000 80.80% 65.80%
000111 64.55% 49.55% 100001 81.45% 66.45%
00 1000 65.20% 50.20% 100010 82M\ 67.10%
00 1001 65.85% 50.85% 100011 N 67.75%
001010 66.50% 51.50% 100100 7 Ng.40% 68.40%
001011 67.15% 52.15% 100101 |\ Y +84.05% 69.05%
001100 67.80% 52.80% 10010 RN\ 84.70% 69.70%
0011071 68.45% 53.45% 1001 AS" 85.35% 70.35%
001110 69.10% 54.10% R 86.00% 71.00%
001111 69.75% 54.75% ) T001 86.65% 71.65%
010000 70.40% 5540% . 01010 87.30% 72.30%
0100071 71.05% 5605% N} 101011 87.95% 72.95%
010010 71.70% 56.79’@ 101100 88.60% 73.60%
010011 72.35% 57.&L, 101101 89.25% 74.25%
010100 73.00% st 101110 89.90% 74.90%
010101 73.65% 65% 101111 90.55% 75.55%
010110 74.30% < 59.30% 10 0000 91.20% 76.20%
010111 74.95% .ﬁ 59.95% 100001 91.85% 76.85%
011000 7560% € ) | 60.60% 100010 92.50% 77.50%
011001 76.25‘®~v 61.25% 110011to 11 1111 are reserved
)

Electrical Characteristics — AC and DC Single-Ended Input Measurement

Levels

RESET_n Input Levels

TABLE 12: RESET_N INPUT LEVELS (CMOS)

| |

Parameter Symbol Min Max Unit Note
ACinput high voltage VIH(AC)_RESET 0.8 X Vpp Vbp \Y 1
DCinput high voltage ViH(DC)_RESET 0.7 X Vpp Vbp Vv 2
DCinput low voltage V\L(DC)_RESET Vss 0.3 X Vpp \Y 3

STACKED Technologies Incorporated
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TABLE 12: RESET_N INPUT LEVELS (CMOS) (CONTINUED)
Parameter Symbol Min Max Unit Note
ACinput low voltage V|L(AC)_RESET Vss 0.2 x Vpp Y% 4
Rising time ‘R_RESET - 1 us 5
RESET pulse width after power-up YPW_RESET_S 1 - ps 6,7
RESET pulse width during power-up YPW_RESET_L 200 - Ms 6

Notes:

v IH(AC)_RESET,min

v IH(DC)_RESET,min

v IL(DC)_RESET,max
v IL(AC)_RESET,max

—_

Overshoot should not exceed the VIN shown in the Absolute Maximum Ratings table.
After RESET_n is registered HIGH, the RESET_n level must be maintained above

Vo) reset: otherwise operation will be uncertain until it is reset by asserting RESET_n
signal LOW.

seT during tPW_RESET, otherwise the DRAM may not be
Undershoot should not exceed the VIN shown in the@

Slope reversal (ring-back) during this level trans/i'{\

gated as much as possible.
\- figure.

. After RESET_n is registered LOW, the RESET_n level must b§aintained below Vi (pc) gre-
te

Maximum Ratings table.
LOW to HIGH should be miti-

RESET is destructive to data contents.
See RESET Procedure at Power Stable Conad

B E——
tR_RESET

Command/Address li.puw evels

TABLE 13: COMMAND AND ADDRESS INPUT LEVELS: DDR4-1600 THROUGH DDR4-2400

Parameter Symbol Min Max Unit Note
AC input high voltage ViH(AQ) Vgee + 100 Vpp5 mV 1,2,3
DC input high voltage ViHDo) Veer +75 Vop mV 1,2
DC input low voltage ViLoo Vss Vger - 75 mV 1,2
AC input low voltage ViLao) Vss5 Vger - 100 mV 1,2,3
Reference voltage for CMD/ADDR inputs VREFFCA(DQ) 0.49 X Vpp 0.51 % Vpp \% 4

Notes: 1.

wi

STACKED Technologies Incorporated

www.stackedtechnologies.com

For input except RESET_n. VREF = VREFCA(DC)'

VRer = VREFCA(DO)-

Input signal must meet V, /V|yac) to meet tIS timings and V, /V|y(pc) to meet tIH timings.
The AC peak noise on Vggr may not allow Vggr to deviate from Vgercapc) by more than
+1% Vpp (for reference: approximately £12mV).

Refer to “Overshoot and Undershoot Specifications.”
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TABLE 14: COMMAND AND ADDRESS INPUT LEVELS: DDR4-2666
Parameter Symbol Min Max Unit Note
AC input high voltage ViH(AQ) Veer + 90 Vpp5 mV 1,2,3
DC input high voltage \e) VRer + 65 Vbp mV 1,2
DCinput low voltage ViLoo) Vss VRer - 65 mV 1,2
ACinput low voltage ViLao Vss5 VRer - 90 mV 1,23
Reference voltage for CMD/ADDR inputs VREFFCA(DO) 0.49 X Vpp 0.49 X Vpp Vv 4

Notes:

. Forinput except RESET_n. Vger = VRerca(po)-

1

2. VRer = VREFCA(DO)-
3.
4

Input signal must meet V, /V|yac) to meet tIS timing L/Vin(ac) to meet YIH timings.

. The AC peak noise on Vggr may not allow Vg to rom Vgerca(pc) by more than
+1% VDD (for reference: approximately +12mV,

Refer to “Overshoot and Undershoot Specifi

TABLE 15: COMMAND AND ADDRESS INPUT LEVELS: DDR4-2353 aND DDR4-3200

Parameter Symbol é Max Unit Note
AC input high voltage ViHao) /M 90 Vpp5 mvV 1,2,3
DC input high voltage Vinoo) ‘S(VREF +65 Vop mvV 1,2
DCinput low voltage ViLoo \‘b Vss Vrer - 65 mV 1,2
AC input low voltage Vg V5 Vigr - 90 mv 1,2,3
Reference voltage for CMD/ADDR inputs V& 0.49 x Vpp 0.49 x Vpp Vv 4
Notes: 1. Forinput e€cepy RESET_n. Vger = VRerca(do)-
2. Vger =$ 0)-
3. InpykSiogal must meet V| /V y(ac) to meet tIS timings and V, /V|yac) to meet YIH timings.
4,

p (for reference: approximately £12mV).

i
;@ peak noise on Vggr may not allow Vgge to deviate from Vrgeca(pc) by more than
D

Qefer to “Overshoot and Undershoot Specifications.”

\>
TABLE 16: SINGLE-END\:D INPUT SLEW RATES

Parameter

Symbol Min Max Unit Note

Single-ended input slew rate — CA

SRCA 1.0 7.0 V/ns 1, 2, 3,4

Notes:

STACKED Technologies Incorporated
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For input except RESET_n.

VRer = VREFCA(DO)-

YS/tH timings assume SRCA = 1V/ns.

Measured between V|yac) and V| ac) for falling edges and between V| (ac) and Vyac)
for rising edges
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FIGURE 15: SINGLE-ENDED INPUT SLEW RATE DEFINITION
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Data Receiver Input Requirements

The following parameters apply to the data receiver Rx MASK operation detailed in the Write Timing section, Data
Strobe-to-Data Relationship.

The rising edge slew rates are defined by srrl and srr2. The slew rate measurement oints for a rising edge are shown
in the figure below. A LOW-to-HIGH transition time, tr1, is measured from 0.5 x Vgjyw,max below VCENTDQ,midpoint
to the last transition through 0.5 x Vgijyw,max above VCENTDQ,midpoint; tr2 is measured from the last transi-

tion through 0.5 x Vgijyw,max above VCENTDQ,midpoint tO the first transition through the 0.5 x Viyy (acymin @bove
VCENTDQ,midpoint-

The falling edge slew rates are defined by srfl and srf2. The slew rate measurement points for a rising edge
are shown in the figure below. A HIGH-to-LOW transition time, tfl, is measured from 0.5 x Vgjyw max above

VCENTDQ,midpoint tO the last transition through 0.5 x Vgiyw,max below VCENTDQ midpoint {2 is measured from the last
transition through 0.5 x Vgjyw,max below VCENTDQ,midpoint tO the first transition thro 0.5 x VIHL(AC)min below

VCENTDQ,midpoint- O

FIGURE 16: DQ SLEW RATE DEFINITIONS

0.5x VdiVW,max %
v g
“““ CENTDQ,midpoint E
z
0.5 x VdiVW,max =
0.5 X Vgivw,max %
Vv g
----- CENTDQ,midpoint §
z
0.5x VdiVW,max =
2
Notes: 1. Rising edge slew rate equation srr1 = Vgiyw max/(r1).
2. Rising edge slew rate equation srr2 = (Vg acymin - Vdivw,max )/ (2 x 'r2).
3. Falling edge slew rate equation srf1 = Vg max/ (*1).
4. Falling edge slew rate equation srf2 = (Vg (ac)min - Vdivw,max )/ (2 x 2).
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TABLE 17: DQ INPUT RECEIVER SPECIFICATIONS

Note 1 applies to the entire table

DDR4-1600,

1866, 2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Not
Parameter Symbol | Min Max Min Max Min Max Min Max Min Max | Unit | es
VN Rx mask input Vaivw - 136 - 130 - 120 - 115 - 10 | mV | 2,3
peak-to-peak
DQ Rxinput tim- TdivW - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 ul 2,3
ing window
DQ AC input Vinuao | 186 - 160 - 150 - 145 - \;1 40 - mv | 4,5
swing peak-to- :
O
DQ input pulse TdiPW | 058 - 0.58 - 0.58 - o& , 0.58 - u | e
width
DQS-to-DQ Rx tDQS2D | -0.17 0.17 -0.17 0.17 -0.19 0.1 9\ 22 0.22 -0.22 0.22 Ul 7
mask offset Q AN \
DQ-to-DQRxmask |tDQ2DQ | - 0.1 - 0.1 - W - Jons| - Jois| u | 8
offset . ‘ >
Input slew rate srr, sifl 1 9 1 9 ‘Q\' 9 1 9 1 9 Vins | 9
over Vgiyw if TCK > ;
0.925ns G
Input slew rate srr, srfl - - 1.25 9 | 125 9 1.25 9 1.25 9 V/ns 9
over Vgiyw if
0.935ns > 'CK = ~ p
0.625ns (>

A\ -

Rising input slew srr2 srr2 %0.2 x| 9 Jo2x| 9 Jo2x| 9 Jo2x| 9 |wns| 10
rate over 1/2 srrl srrl srrl srrl srrl
ViHLAQ R
Falling input slew srf2 9 0.2x 9 0.2x 9 0.2x 9 0.2 x 9 V/ns | 10
rate over 1/2 srf1 srf1 srfl srf1
ViHLac) ‘7“

Notes: 1. All Rx mask specifications must be satisfied for each Ul. For example, if the minimum
input pulse width is violated when satisfying TdiVW (MIN), Vgiyw,max @nd minimum slew
rate limits, then either TdiVW (MIN) or minimum slew rates would have to be increased
to the point where the minimum input pulse width would no longer be violated.

2. Data Rx mask voltage and timing total input valid window where Vg is centered
around VcenTpQ,midpoint @fter Vrerpq training is completed. The data Rx mask is applied
per bit and should include voltage and temperature drift terms. The input buffer design
specification is to achieve at least a BER =1e- 16 when the Rx mask is not violated.

3. Defined over the DQ internal Vggr range 1.
4. Overshoot and undershoot specifications apply.

5. DQinput pulse signal swing into the receiver must meet or exceed Vy (ac)min- ViHL(AQ)
min is to be achieved on an Ul basis when a rising and falling edge occur in the same Ul (a
valid TdiPW).

6. DQ minimum input pulse width defined at the Vcentpgmidpoint:
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7. DQS-to-DQ Rx mask offset is skew between DQS and DQ within a nibble (x4) or word
(x8, x16 [for x16, the upper and lower bytes are treated as separate x8s]) at the SDRAM
balls over process, voltage, and temperature.

8. DQ-to-DQ Rx mask offset is skew between DQs within a nibble (x4) or word (x8, x16) at
the SDRAM balls for a given component over process, voltage, and temperature.

9. Input slew rate over Vgjw mask centered at Vcentpg,midpoint: Slowest DQ slew rate to
fastest DQ slew rate per transition edge must be within 1.7V/ns of each other.

10 Input slew rate between VdiVW mask edge and V| (acymin POINts.

The following figure shows the Rx mask relationship to the input timing specifications relative to system DS and
{!DH. The classical definition for 'DS/!DH required a DQ rising and falling edges to not violate ‘DS and 'DH relative
to the DQS strobe at any time; however, with the Rx mask ‘DS and 'DH can shift relative to the DQS strobe provided
the input pulse width specification is satisfied and the Rx mask is not violated.

FIGURE 17: Rx MAsSK RELATIVE To TDS/TDH

TdiPW |
\ v

) ViHoo)
\\ 05XV g

\'
""""""""" Rx === --- w7 "~ &~ VcentDQpin mean
Mask
0.5 XV givw

Nt ViLoo

/
Tﬂr TdivW %Y “rr

DS = Greater of 0.5 x TMliVW {DH = Greater of 0.5 x TdiVW
or or
0.5 x (TdiPW +@ 0.5 % (TAIPW + Vgypy /1)

Vgivw
J/

DQS_ [

\)

The following figure and table show an example of the worst case Rx mask required if the DQS and DQ pins do not
have DRAM controller to DRAM write DQ training. The figure and table show that without DRAM write DQ train-
ing, the Rx mask would increase from 0.2UI to essentially 0.54UI. This would also be the minimum ‘DS and '‘DH
required as well.
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FIGURE 18: Rx MAsSK WITHOUT WRITE TRAINING

\ TdiVW + 2 x 'DQS2DQ

A
A

V
A Iy IH(DC)
0.5 %XV giyw

\J
""" Rx Mask B 2 U VCENTDQ,midpoint
0.5 %V g

V givw

ViLoo)

SR

DS

DQS_t

DRA ViHLAQ TdiPW Vaivw Oﬁ 'DQS2DQ | 'DQ2DQ RxMask | 'DS/*DH_No

(mV) (un) (mV) / ul) (U1 (U1 (ps) Training (ps)
1600 186 0.58 136 0.2 +0.17 0.1 125 338
1866 186 0.58 XRJ 0.2 +0.17 0.1 107.1 289
2133 186 0.58 > 0.2 +0.17 0.1 3.84 253
2400 160 058 4 Vho 0.2 +0.17 0.1 833 225
2666 150 0588y ' 120 0.22 +0.19 0.105 82.5 225
2933 145 R % 115 023 +0.22 0.115 784 228
3200 140 AV 110 023 +0.22 0.125 71.8 209

Connectivity Test (CT) Mode Input Levels

| | ‘

TABLE 19: TEN INPUT LEVELS (CMOS)

Parameter Symbol Min Max Unit Note
TEN AC input high voltage VIH(AC)_TEN 0.8 X Vpp Vbp \Y 1
TEN DC input high voltage ViHDo)_TEN 0.7 X Vpp Vop \

TEN DCinput low voltage ViLDo)_TEN Vs 0.3 X Vpp \Y

TEN ACinput low voltage ViLao)_TeN Vss 0.2xVpp \ 2
TEN falling time 'F_TEN - 10 ns
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TABLE 19: TEN INPUT LEVELS (CMOS) (CONTINUED)

Parameter Symbol Min Max Unit Note
TEN rising time ‘R_TEN - 10 ns

Notes: 1. Overshoot should not exceed the VIN values in the Absolute Maximum Ratings table.
2. Undershoot should not exceed the VIN values in the Absolute Maximum Ratings table.

FIGURE 19: TEN INPUT SLEW RATE DEFINITION

VIHAC_TENmin — — —

ViH©OC)_TENmIn

ViL©o0)_TENmIn

VIL(AC)_TENmin

TABLE 20: CT TYPE-A INPUT LEVELS

Parameter Symbol N\

CTipA AC input high voltage Vig@N\ | Veer +200 Voo v 2,3
CTipA DC input high voltage N Vger + 150 Voo v 2,3
CTipA DCinput low voltage {'M) Vss VRer - 150 \% 2,3
CTipA AC input low voltage NNA o Vs, Vier - 200 v 2,3
CTipA falling time $~ F_CTipA - 5 ns 2
CTipA rising time \Y | ‘rRcipn - 5 ns 2

Notes: Er to Overshoot and Undershoot Specifications.
T Type-A inputs: CS_n, BG[1:0], BA[1:0], A[9:0], A10/AP, A11, A12/BC_n, A13, WE_n/
A14,CAS_n/A15,RAS_n/A16, CKE, ACT_n, ODT, CLK_t, CLK_C, PAR.
3. VREFCA =0.5x VDD'

FIGURE 20: CT TYPE-A INPUT SLEW RATE DEFINITION

VIH(AC)_CTipAmin
ViH(DC)_CTipAmin

VREFCA

ViL(DO)_CTipAmax
VIL(AC)_CTipAmax
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TABLE 21: CT TYPE-B INPUT LEVELS

Parameter Symbol Min Max Unit Note
CTipB AC input high voltage Viao Vger + 300 Vpp1 ! v 2,3
CTipB DC input high voltage ViHoo) VRer + 200 Vop \ 2,3
CTipB DC input low voltage ViLoo) Vss VRer - 200 Vv 2,3
CTipB AC input low voltage ViLao) Vssy! Vger - 300 v 2,3
CTipB falling time YF_CTipB - v ns 2
CTipB rising time tR_CTipB - V ns 2

Notes: 1. Refer to Overshoot and Undershoot Specifications.
2. CT Type-B inputs: DML_n/DBIL_n, DMU_n/DBIU_n and DM_n/DBI_n.

3. VREFDQ should be 0.5 x VDD

FIGURE 21: CT TYPE-B INPUT SLEW RATE DEFINITION

VIH(AC)?(__I'imein

VIH(DC)_CTimein

VREFDQ

vIL(DC)?CTimeax
VIL(AC)?CTimeax

TABLE 22: CT TYPE-C INPUT LEVE: s \CMOS)

Parameter \ Y Symbol

CTipCACinputhighvoltage S ViHAC)CTIpC 0.8 x Vpp Vop ! v 2
CTipC DC input high voltage o \/ VIO CTinc 0.7 X Vpp Voo v 2
CTipC DCinput low voltage w ViL(bo)_cTipc Vss 0.3 X Vpp Y% 2
CTipC AC input low voltage 4 ViL(AQ)_CTipC V! 0.2 x Vpp Y 2
CTipC falling time tF_CTipC - 10 ns 2
CTipCrising time tR_CTipC - 10 ns 2

Notes: 1. Refer to Overshoot and Undershoot Specifications.
2. CT Type-Cinputs: Alert_n.
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FIGURE 22: CT TYPE-C INPUT SLEW RATE DEFINITION

VIHAC)_TENmin
VIH(DC)_TENmin

VIL(DC)?TENmin
v IL(AC)_TENmin

TABLE 23: CT TYPE-D INPUT LEVELS

Parameter Symbol Min ax Unit Note
CTipD AC input high voltage ViH(AQ)_CTipD 0.8 X Vpp Vop % 4
CTipD DC input high voltage VIHDO) CTipD 07x VSN Voo v 2
CTipD DC input low voltage ViLoa)_cTipd PR, > 0.3 X Vpp \'% 1
CTipD ACinput low voltage ViLAc)_cTipD L, ( V)‘ 0.2 X Vpp Vv 5
Rising time RRESET K/ - 1 Ws 3
RESET pulse width - after power-up tPW_RESET_é Q‘ 1 - us

RESET pulse width - during power-up

Notes: 1.

2.

3.

v

tPW_RESET LN\ 200 - s
After RESET_njj \ered LOW, the RESET_n level must be maintained below Vi (p¢) re-
st during P, T, otherwise, the DRAM may not be reset.

After RESEY n iy registered HIGH, the RESET_n level must be maintained above
ViHDo) erwise, operation will be uncertain until it is reset by asserting RESET_n

signgl LRYWV.
S %Versal (ring-back) during this level transition from LOW to HIGH should be miti-
s much as possible.

Qvershoot should not exceed the V| values in the Absolute Maximum Ratings table.

ndershoot should not exceed the V| values in the Absolute Maximum Ratings table.
CT Type-D inputs: RESET_n; same requirements as in normal mode.

FIGURE 23: CT TYPE-D INPUT SLEW RATE DEFINITION

‘PW_RESET
VIHAC RESETmin = — = 4 = = — = — — = — = — — = — = — — — — — — — — — —
VIH(DC)_RESETmin R
VILDO RESETMax = = = == === == == === === == — = — — — — —
VIL(AC)?RESETmax -~ _\\_ ______________________ I
|
'R_RESET
STACKED Technologies Incorporated www.stackedtechnologies.com 48 High Performance, Highly Integrated Memory Module

June 23, 2017 STDS-ST9D4512M32DBGO Rev F



ST9D4512M40DBGO

Advanced Information
S>l AKED. STODiSIaNEI08GD

Differential Inputs

FIGURE 24: DIFFERENTIAL AC SWING AND “TIME EXceepIiNG AC-LEVEL” TDVAC

'DVAC

VIH,diff(AC)min

VIH,dif'f,min

0.0

VIL,diff,max

VI L diff(AC)max

@W{Ie

Notes: 1. %zcial signal rising edge from V|_gitf max t0 ViH diff(ac)min Must be monotonic slope.
Ni

‘ ifferential signal falling edge from |y git min t0 V|L_diff(ac)max Must be monotonic slope.

TABLE 24: DIFFERENTLV- :NPUT SWING REQUIREMENTS FOR CK_T, CK_cC

DDR4-1600/ 1866 / DDR4-2666 / 2933 /
2133/2400 3200

Parameter Symbol Min Max Min Max Unit Notes
Differential input high Vindiff 0.150 Note 3 0.120 Note 3 \% 1
Differential input low V\Lditf Note 3 -0.150 Note 3 -0.120 \ 1
Differential input high (AC) VIHdiffAC) 2X (1ha0 Note 3 2 X (Vigao Note 3 v 2

- Vier) - VRer)
Differential input low (AC) ViLdiff(AQ) Note 3 2x (Vigao - Note 3 2% (Viyao - \ 2

VRer) Vrer)

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

2. For CK_t, CK_c use VlH(AC) and VlL(AC) of ADD/CMD and VREFCA'
These values are not defined; however, the differential signals (CK_t, CK_c) need to be
within the respective limits, Viypcymax @and Viypcymin for single-ended signals as well as
the limitations for overshoot and undershoot.
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TABLE 25: MiNimum TIME AC TiIME TDVAC FoOR CK
“%DVAC (ps) at |V, giff(ac) to ViL,ditfac)|

Slew Rate (V/ns) 200mV TBDmV
>4.0 120 TBD
4.0 115 TBD
3.0 110 TBD
2.0 105 TBD
1.9 100 TBD\
1.6 95 T

14 9 (»y

1.2 85 A\

1.0 80 N TBD

<1.0 80 N\ ™

Note: 1. Below V| (aq). OE

Single-Ended Requirements for CK Differentia: Siynals
Each individual component of a differential sign@((

_t, CK_c) has to comply with certain requirements for
single-ended signals. CK_t and CK_c have to proximately Vsgrmin/ VSEL max Which are approximately
equal to the AC levels Viac) and Vi) fo MD signals in every half-cycle. The applicable AC levels for
ADD/CMD might differ per speed-bin, Q(?)n. For example, if a value other than 100mV is used for ADD/CMD

Vinc) and Vi ac) signals, then these s also apply for the singleended signals CK_t and CK_c.

signals have a requirement witlQge\p8ct to Vpp/2; this is nominally the same. The transition of single-ended sig-
nals through the AC levels is measure setup time. For single-ended components of differential signals the
requirement to reach Vgg ﬁEH,min has no bearing on timing, but adds a restriction on the common mode
characteristics of these si&ﬁ.

While ADD/CMD signal requir2§p with respect to Vygrca, the single-ended components of differential
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FIGURE 25: SINGLE-ENDED REQUIREMENTS FOR CK

Vpp /2 or VDDQ/Z

VSEL,max

DDR4-2666 / 2933 /
N\ 2400 3200

Parameter Symbol Nllin Max Min Max Unit Notes
Single-ended high level for CK_t, Vsen Vb /2 + Note 3 Vpp/2 + Note 3 \% 1,2
CK_c -~ 0.100 0.90

Single-ended low level for CK_t, CK_c fsk.) Note 3 Vbp/2 - Note 3 Vpp/2-0.90 \ 1,2

0.100
1

N
Notes: Fog Y T7CK_c use Viyac) and Vac) of ADD/CMD and Vggpca.

1.

2. CMD VlH(AC) and VIL(AC) based on VREFCA'

Qwese values are not defined; however, the differential signal (CK_t, CK_c) need to be
?\ ithin the respective limits, V|ypcymax and Vi (pcymin for single-ended signals as well as

the limitations for overshoot and undershoot.
Slew Rate Definitions for CK Differential Input Signals

TABLE 27: CK DIFFERENTIAL INPUT SLEW RATE DEFINITION

Measured
Description From To Defined by
Differential input slew rate for rising edge VL diff max VI, diff.min [ViH,dift min - VILdiftmax |/ ATRqift
Differential input slew rate for falling edge VIH,diff.min VL diff max Vi, diff,min - VILdiftmax |/ ATRqift

Note: 1. The differential signal CK_t, CK_c must be monotonic between these thresholds.
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FIGURE 26: DIFFERENTIAL INPUT SLEW RATE DEFINITION FOR CK_T, CK_cC

ATR i

CK Differential Input Voltage

CK Differential Input Cross Point Voltage

To guarantee tight setup and hold times as we tput skew parameters with respect to clock and strobe, each
cross point voltage of differential input siggfa t, CK_c must meet the requirements shown below. The differen-
tial input cross point voltage Vix(cx) is m d from the actual cross point of true and complement signals to the
midlevel between Vpp and VSS. é

FIGURE 27: V\xck) DEFIKTION

\/
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Electrical Characteristics - AC and DC Differential Input Measurement Levels

TABLE 28: CROSS POINT VOLTAGE FOR CK DIFFERENTIAL INPUT SIGNALS AT DDR4-1600 THROUGH

DDR4-2400

DDR4-1600, 1866, 2133 DDR4-2400
Parameter Sym Input Level Min Max Min Max
Differential Vix(ck) Vsen > Vpp/2 + 145mV N/A 120mV N/A 120mV
inp.Ut cross VDD/Z +100mV < VSEH < VDD/2 N/A (VSEH - VDD/2) - N/A (VSEH - VDD/z) -
point voltage +145mV 25mV 25mV
relative
to VDD/2 for VDD/2 -145mV < VSEL < VDD/2 - _(VDD/Z_VSEL) N/A _(VDD/Z_VSEL) + N/A
1 V +25mV 25mV

CK_t,CK_c 00m 5m 5m

VSEL <Vpp/2-145mV -120mV N/A -120mV N/A

TABLE 29: CROSS POINT VOLTAGE FOR CK DIFFERENTIAL INPUT SIGNAL 5 A\ UDR4-2666 THROUGH

DDR4-3200
DDR4-2666 DDR4-2933, 3200

Parameter Sym Input Level Min N? Min Max
Differential VIX(CK) VSEH >Vpp/2 +135mV N/A ‘mV N/A 110mV
input cross Vpp/2 +90mV < Vg < Vpp/2 + N/A e - Vop/2) - N/A (Veer - Vpp/2) -
point voltage 135mV ( ‘ 30mV 30mV
relative ’

Vpp/2-135mV < VSEL <Vpp/2- -(Vpp/, + N/A _(VDD/Z'VSEL) + N/A
to Vpp/2 for

90mV 30mV
CK_t,CK_c
Ve, < Vpp/2 - 135mV NMomv N/A ~110mV N/A

DQS_t, DQS_c: Differential Input Voltage

Half cycle

A

IH,diff, peak

y

A

Half cycle

y

0.0V

IL,diff,peak
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TABLE 30: DDR4-1600 THROUGH DDR4-2400 DIFFERENTIAL INPUT SWING REQUIREMENTS FOR
DQS_T1,DQS_c

DDR4-1600, 1866,
2133 DDR4-2400
Parameter Symbol Min Max Min Max Unit Notes
Peak differential input high voltage VH,diff, peak 186 Vbba 160 Vbba mV 1,2
Peak differential input low voltage VL diff peak Vssq -186 Vssq -160 mV 1,2

Notes: 1. Minimum and maximum limits are relative to single-ended portion and can be exceeded
within allowed overshoot and undershoot limits.
2. Minimum value point is used to determine differential signal slew-rate.

TABLE 31: DDR4-2633 THROUGH DDR4-3200 DIFFERENTIAL INPUT SWIN% 1 'R QUIREMENTS FOR

DQS_t1,DQS_c
DDR4-2666 DDR4-293 DDR4-3200

Parameter Symbol Min Max Mi X Min Max Unit Notes
Peak differential input high volt- V) diff peak 150V | Vppg 1@\‘%% 140 Vppa mV 1,2
age p
Peak differential input low volt- VL diff peak Vssq -1 > $sQ -145 Vssq -140 mV 1,2
age / \

Notes: 1. Minimum and maximumgl Kre relative to single-ended portion and can be exceeded

within allowed oversh undershoot limits.

2. Minimum value po'Q’s uded to determine differential signal slew-rate.

The peak voltage of the DQS signals are calciyydt
VIH,dif, Peak Voltage = MAX(ft)
V1L, dif, Peak VOltage = MIN(ft) O
(ft) =DQS_t, DQS_c.

The MAX(f(t)) or MIN(f(t)) used t ine the midpoint from which to reference the 35% window of the ex-
g@&l

ing the following equations:

empt non-monotonic signalin e the smallest peak voltage observed in all Uls.

O

FIGURE 29: DQS_T, DQS_c INPUT PEAK VOLTAGE CALCULATION AND RANGE OF EXEMPT
NON-MONOTONIC SIGNALING

350 +50%
+ ()

\ MAX(f,)

-35%
-50%

DQS_t, DQS_c: Single-Ended Input Voltages
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DQS Differential Input Cross Point Voltage

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross
point voltage of differential input signals (DQS_t, DQS_c) must meet Vix_pqs,ratio in the table below. The differ-
ential input cross point voltage Vix_pgs (Vix_pgs_rr and Vix_pqs_rr) is measured from the actual cross point of
DQS_t, DQS_c relative to the Vpgs miq of the DQS_t and DQS_c signals.

VDbQs,mid is the midpoint of the minimum levels achieved by the transitioning DQS_t and DQS_c signals, and noted
by Vbs_trans: VDQs_trans is the difference between the lowest horizontal tangent above Vpgs mig of the transitioning
DQS signals and the highest horizontal tangent below Vpgs mig of the transitioning DQS signals. A non-monotonic
transitioning signal’s ledge is exempt or not used in determination of a horizontal tangent provided the said ledge
occurs within +35% of the midpoint of either Viy pirrpeak Voltage (DQS_t rising) or Vii, pirgpeak Voltage (DQS_c ris-
ing), as shown in the figure below.

A secondary horizontal tangent resulting from a ring-back transition is also exempt %rmination of a horizon-
tal tangent. That is, a falling transition’s horizontal tangent is derived from its ne ope to zero slope transi-
tion (point A in the figure below), and a ring-back’s horizontal tangent is deriv; its positive slope to zero
slope transition (point B in the figure below) and is not a valid horizontal tan&t, rising transition’s

nsition (point D in the figure below)

horizontal tangent is derived from its positive slope to zero slope transiti ot C in the figure below), and a
ring-back’s horizontal tangent derived from its negative slope to zero @ ra

X

and is not a valid horizontal tangent.

FIGURE 30: Vxpos DEFINITION

Lowest horizontal tanget above V. ¢ g

O of the transitioning signals
...;j..\...... S N Y A-ofr e

DQS_t

Vbas_trans

vDQS,mid

DQS_t, DQS_c: Single-Ended Input Voltages

Highest horizontal tanget below Vs i
of the transitioning signals

Vssq

TABLE 32: CROSS POINT VOLTAGE FOR DIFFERENTIAL INPUT SIGNALS DQS

DDR4-1600, 1866, 2133, 2400,
2666, 2933, 3200
Parameter Symbol Min Max Unit Notes
DQS_t and DQS_c crossing relative to the Vix_DQs ratio - 25 % 1,2
midpoint of the DQS_t and DQS_c signal
swings
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TABLE 32: CROSS POINT VOLTAGE FOR DIFFERENTIAL INPUT SIGNALS DQS (CONTINUED)

DDR4-1600, 1866, 2133, 2400,
2666, 2933, 3200
Parameter Symbol Min Max Unit Notes
VDQS,mid to Vcent(midpoint) offset VDQS,midftofVcent - Note 3 mV 2

Notes: 1. VIX_DQS,ratio is DQS VIX crossing (VIX_DQS,FR or VIX_DQS,RF) divided by VDQS_trans.
VDQS_trans is the difference between the lowest horizontal tangent above VDQS,midd
of the transitioning DQS signals and the highest horizontal tangent below VDQS,mid of
the transitioning DQS signals.

2. VDQS,mid will be similar to the VREFDQ internal setting value (Vcent(midpoint) offset)
obtained during VREF Training if the DQS and DQs drivers and paths are matched.
3. The maximum limit shall not exceed the smaller of VIH,diff, RQS minimum limit or 50mV.

e Rate bDe 0 or D(Q ) Bre 2 D ON3
AB DQ) ) R A P RA ) O
Measured ~
Description From T Defined by
Differential input slew rate for rising edge Vi diffDas pl |@15‘ Vin diftpas - Vit diff,0as|/ATRaits
Differential input slew rate for falling edge ViH,diff DQS IL,diff DQS [Vihdittoas - V||_Idiff’DQS|/ ATRgit
hJ
Note: 1. The differential signal t, DQS_c must be monotonic between these thresholds.

FIGURE 31: DIFFERENTIAL INPUT SLEW R”.T. A4D INPUT LEVEL DEFINITION FOR DQS_T, DQS _c

IH,diff,peak

IH,diff,DQS

Differential Input Voltage

ILdiff,DQS

IL,diff peak

TABLE 34: DDR4-1600 THROUGH DDR4-2400 DIFFERENTIAL INPUT SLEW RATE AND INPUT LEVELS

FOR DQS_1, DQS_c

DDR4-1600, 1866, 2133 DDR4-2400
Parameter Symbol Min Max Min Max Unit Notes
Peak differential input high voltage Vi, diff, peak 186 Vbpa 160 Vbbq mV 1
Differential input high voltage V\H,diff,DQS 136 - 130 - mV 2,3
Differential input low voltage VL diffDQs - -136 - -130 mV 2,3
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TABLE 34: DDR4-1600 THROUGH DDR4-2400 DIFFERENTIAL INPUT SLEW RATE AND INPUT LEVELS
FOR DQS_T, DQS_c (CONTINUED)

DDR4-1600, 1866, 2133 DDR4-2400
Parameter Symbol Min Max Min Max Unit Notes
Peak differential input low voltage VL diff,peak Vssq -186 Vssa -160 mV 1
DQS differential input slew rate SRIdiff 3.0 18 3.0 18 V/ns 4,5

Notes: 1. Minimum and maximum limits are relative to single-ended portion and can be exceeded
within allowed overshoot and undershoot limits.

2. Differential signal rising edge from V,_gitf pgs 10 V)4 diff pqs Must be monotonic slope.

Differential signal falling edge from V| 4iff pqs to VL ditf, pqs Must be monotonic slope.

4. Differential input slew rate for rising edge from V||_giff pqs 8 Vin,diff,pqs is defined by |
VL diff,min - Vi diff max| ATRgiff.

5. 5. Differential input slew rate for falling edge from VD s to Vi_qiff pQs is defined by |

VL diff,min = ViH,diff max| ATRgir- &\

TABLE 35: DDR4-2666 THROUGH DDR4-3200 DIFFERENTIAL !\'P\1” SLEW RATE AND INPUT LEVELS

w

FOR DQS_T1,DQS _c

DDR4-2666 R~ §-2933 DDR4-3200
Parameter Symbol Min Max (N Max Min Max Unit | Notes
Peak differential input VIH,diff,peak 150 VDD \; 14 VDDQ 140 VDDQ mV 1
high voltage \§
Differential input high ViH,diff,DQs 120 _ v 115 - 110 - mV 2,3
voltage /
Differential input low VL diff DQs /:1 20 - -115 - -110 mV 2,3
voltage \< ’
Peak differential input VL diff peak o -150 Vssq -145 Vssa -140 mV 1
low voltage N
DQS differential input Q 3.0 18 3.0 18 3.0 18 V/ns 4,5
slew rate N\
Note \{/Iinimum and maximum limits are relative to single-ended portion and can be exceeded
within allowed overshoot and undershoot limits.
2. Differential signal rising edge from V,_gitr pqs t0 ViH diff, pqs Must be monotonic slope.
3. Differential signal falling edge from V y gitt.pqs t0 VL diff,pqs Must be monotonic slope.
4. Differential input slew rate for rising edge from V| _giff pqs t0 Viydiff,pqs is defined by |
VL, diff,min = ViH diff, max| ATRditf-
5. Differential input slew rate for falling edge from V| 4itt.pgs t0 ViL diff,pqs is defined by |
VL diff,min - ViH diff,max| ATF giff.
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Electrical Characteristics — Overshoot and Undershoot Specifications

Address, Command, and Control Overshoot and Undershoot Specifications

TABLE 36: ADDR, CMD, CNTL OVERSHOOT AND UNDERSHOOT/SPECIFICATIONS

DDR4-

FIGURE 32: ADDR, CMD, CNTL OVERSHOOT AND UNDERS Y~ 2T DEFINITION

Absolute MAX overshoot ~——M ——— .
A Overshoot area above Vp, absolute MAX
Vpp absolute MAX
B\

~—— Overshoot area below Vp; absolute MAX

DDR4- DDR4- DDR4- DDR4- DDR4-
Description 1600 1866 2133 2400 2666 3200 Unit
Area A: Maximum peak amplitude above Vpp 0.06 0.06 0.06 0.06 TBD TBD \
absolute MAX
Area B: Amplitude allowed between Vpp and 0.24 0.24 0.24 0.24 TBD TBD Vv
Vpp absolute MAX
Area C: Maximum peak amplitude allowed for 0.30 0.30 0.30 0.30 ; TBD TBD \%
undershoot below Vgg /Sb
Area A maximum overshoot area per 1'CK 0.0083 0.0071 0.0062 \w TBD TBD V/ns
Area B maximum overshoot area per 1'CK 0.2550 0.2185 0.1914 .k99 TBD TBD V/ns
Area C maximum undershoot area per 1'CK 0.2644 0.2265 0.198A P 0.1762 TBD TBD V/ns

N\

. and above Vpy MAX

P/

DD
(@]
S s | N |
E C ~<—— Undershoot area below V¢
N v
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Clock Overshoot and Undershoot Specifications

TABLE 37: CK OVERSHOOT AND UNDERSHOOT/ SPECIFICATIONS

DDR4- DDR4- DDR4- DDR4- DDR4- DDR4-
Description 1600 1866 2133 2400 2666 3200 Unit
Area A: Maximum peak amplitude above Vpp 0.06 0.06 0.06 0.06 TBD TBD \Y
absolute MAX
Area B: Amplitude allowed between Vpp and 0.24 0.24 0.24 0.24 TBD TBD \%
Vpp absolute MAX
Area C: Maximum peak amplitude allowed for 0.30 0.30 0.30 0.30 TBD TBD \Y
undershoot below Vsg /S,
Area A maximum overshoot area per 1Ul 0.0038 0.0032 0.0028 \W TBD TBD V/ns
Area B maximum overshoot area per 1Ul 0.1125 0.0964 0.0844 &(»50 TBD TBD V/ns
Area C maximum undershoot area per 1Ul 0.1144 0.0980 0.0 NOv.O762 TBD TBD V/ns

N\

FIGURE 33: CK OVERSHOOT AND UNDERSHOOT DEFINITIO.N

Absolute MAX overshoot ~——M .
A Overshoot area above Vj, absolute MAX
Vpp absolute MAX

B\ ~—— Overshoot area below Vp, absolute MAX

. and above Vpy MAX

= V. A

=~ DD

2 v | ————»

o

= SS | |
E C ~<—— Undershoot area below V¢
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Data, Strobe, and Mask Overshoot and Undershoot Specifications

TABLE 38: DATA, STROBE, AND MASK OVERSHOOT AND UNDERSHOOT/ SPECIFICATIONS

DDR4- DDR4- DDR4- DDR4- DDR4- DDR4-
Description 1600 1866 2133 2400 2666 3200 Unit
Area A: Maximum peak amplitude above Vppq 0.16 0.16 0.16 0.16 TBD TBD \%
absolute MAX
Area B: Amplitude allowed between Vppq and 0.24 0.24 0.24 0.24 TBD TBD Vv
Vbpq absolute MAX
Area C: Maximum peak amplitude allowed for 0.30 0.30 0.30 0.30 ; TBD TBD \
undershoot below Vssq /s»
Area D: Maximum peak amplitude below Vsgq 0.10 0.10 0.10 W TBD TBD Vv
absolute MIN 4(
Area A maximum overshoot area per 1Ul 0.0150 0.0129 0.011 ~EO100 TBD TBD V/ns
Area B maximum overshoot area per 1Ul 0.1050 0.0900 %‘ 0.0700 TBD TBD V/ns
Area C maximum undershoot area per 1UI 0.1050 0.0900 1 0.0700 TBD TBD V/ns
Area D maximum undershoot area per 1UI 0.0150 0.01?‘«(%1 13 0.0100 TBD TBD V/ns

Absolute MAX overshoot

Vppq absolute MAX

Overshoot area above Vbba absolute MAX

~—— Overshoot area below Vpp absolute MAX
and above Vppq MAX

Vboa

L7

wu —»

Volts (V)

Vssa )

I
te MIN

Ab undershoot

~<—— Undershoot area below Vssq MIN and
above Vsso absolute MIN

Parameter Symbol DDR4-1600 to DDR4-3200 Unit
DC output high measurement level (for IV curve linearity) VoHDo) 1.1 X Vppq \%
DC output mid measurement level (for IV curve linearity) Vompo) 0.8 X Vppq Vv
DC output low measurement level (for IV curve linearity) VoLpo) 0.5 % Vppq \%
AC output high measurement level (for output slew rate) VoHno (0.7 +0.15) X Vppq Y
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Electrical Characteristics — AC and DC Output Measurement Levels

TABLE 39: SINGLE-ENDED OUTPUT LEVELS (CONTINUED)

Parameter Symbol DDR4-1600 to DDR4-3200 Unit
AC output low measurement level (for output slew rate) VoL(ag) (0.7 -0.15) X Vppq Vv

Note: 1. The swing of £0.15 x VDDQ is based on approximately 50% of the static single-ended

output peak-to-peak swing with a driver impedance of RZQ/7 and an effective test load
of 50Q to VTT = VDDQ'

Using the same reference load used for timing measurements, output slew rate for falling and rising edges is de-
fined and measured between Vo ac) and Vop(ac) for singleended signals.

AB 40 DED U P RA ) 0
Measured <
Description From To A\. Defined by
Single-ended output slew rate for rising edge VoLao Vo - Vorac - VoLao! /ATRse
Single-ended output slew rate for falling edge VoH®AO ) Vorao - VoLao! /AT e

FIGURE 35: SINGLE-ENDED OUTPUT SLEW RATE DEFIMITIO!N

VOH(AC)

ded Output Voltage (DQ)

VOL(AC)
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TABLE 41: SINGLE-ENDED OUTPUT SLEW RATE
For RON = RZQ/7

DDR4-1333 /1866 /

2133/2400 DDR4-2666 DDR4-2933 /3200
Parameter Symbol Min Max Min Max Min Max Unit
Single-ended output SRQ;e 4 9 4 9 4 9 V/ns
slew rate

Notes: 1. SR =slew rate; Q = query output; se = single-ended signals

2. Intwo cases a maximum slew rate of 12V/ns applies for a single DQ signal within a byte
lane:

e Case 1is defined for a single DQ signal within a byte laneNat is switching into a
certain direction (either from HIGH-to-LOW or LOW.1Q ) while all remaining DQ
’e HI

signals in the same byte lane are static (they stay a ) GH or LOW).
e Case 2 is defined for a single DQ signal within SYgne that is switching into a
certain direction (either from HIGH-to-LOW d&r -to-HIGH) while all remaining DQ
signals in the same byte lane are switching he opposite direction (from LOW-to-
HIGH or HIGH-to-LOW, respectively). For emaining DQ signal switching into the
opposite direction, the standard max mit of 9 V/ns applies.

Differential Outputs

TABLE 42: DIFFERENTIAL OUTPUT LEVELS

Parameter /. \/ Symbol DDR4-1600 to DDR4-3200

AC differential output high measurement level (for Mw VoH,diff(AC) 0.3 X Vppq \Y
rate) \C}

AC differential output low measurement Ieve@tput slew VoL diff(AC) -0.3 X Vppg \
rate) N

Note: "h&wing of 0.3 x Vppq is based on approximately 50% of the static single-ended out-
ut peak-to-peak swing with a driver impedance of RZQ/7 and an effective test load of

0Q to V11 =Vppq at each differential output.

Using the same reference lZd used for timing measurements, output slew rate for falling and rising edges is de-
fined and measured between Vor, giffac) and Vom, ditiac) for differential signals.

TABLE 43: DIFFERENTIAL OUTPUT SLEW RATE DEFINITION

Measured
Description From To Defined by
Differential output slew rate for rising edge VoL diff(AC) VoH,diff(AC) Vor difiac) - VoL diffac)]/ ARt
Differential output slew rate for falling edge VoH,diff(AC) VoL diff(AC) Von difiac) - Vo diffac)]/ ATFgitt
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FIGURE 36: DIFFERENTIAL OUTPUT SLEW RATE DEFINITION

VOH diff(AC)

Differential Input Voltage (DQS_t, DQS_c)

TABLE 44: DIFFERENTIAL OUTPUT SLEW RATE

For Ron = Rzo/7
DDR4-1@1866/
00 DDR4-2666 DDR4-2933 /3200
Parameter Symbol rﬁl . Max Min Max Min Max Unit
Differential output slew SRQuqit \ 4 18 8 18 8 18 V/ns
rate

Note: 1. %Erate; Q = query output; diff = differential signals.

Reference Load for AL Timing and Output Slew Rate

The effective reference load of 50Q to Vit = Vppq and driver impedance of RZQ/7 for each output was used in de-
fining the relevant AC timing parameters of the device as well as output slew rate measurements.

Ron nominal of DQ, DQS_t and DQS_c drivers uses 34 ohms to specify the relevant AC timing paraeter values of the
device. The maximum DC High level of Output signal = 1.0 *Vppq, the minimum DC Low level of Output signal = {
34/(34+50)} *VDDQ = 0-4*VDDQ

The nominal reference level of an Output signal can be approximated by the following: The center of maximum DC
High and minimum DC Low = { (1 +0.4) / 2} *Vppq = 0.7* Vppq. The actual reference level of Output signal might
vary with driver Ron and reference load tolerances. Thus, the actual reference level or midpoint of an output signal
is at the widest part of the output signal’s eye.
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FIGURE 37: REFERENCE LOAD FOR AC TIMING AND OUTPUT SLEW RATE

VDlDQ Vir = VDDQ
DQ, DQS_t, DQS_c,
DM, TDQS_t, TDQS_c
CK_t,CK _c
—— DUT VAVAY,
Ryr =500
|
Vssa

Timing reference point é
.\

Connectivity Test Mode Output Levels

TABLE 45: CONNECTIVITY TEST MODE OUTPUT LEVELS

Parameter P Symbol DDR4-1600 to DDR4-3200 Unit
DC output high measurement level (for IV curve linearity) \v VoHDo) 1.1 X Vppq \Y
DC output mid measurement level (for IV curve linearity) \S‘ Vomoo) 0.8 X Vppq

DC output low measurement level (for IV curve linearity) P \‘ VoLpo) 0.5 % Vppq \Y
DC output below measurement level (for IV curve Iineay)&) Vos(Do) 0.2 X Vppq \
AC output high measurement level (for output slewlgawv VoH(AQ) V171 4 (0.1 X Vppa) \Y
AC output low measurement level (for output S|M - VoLao V11 - (0.1 X Vppg) \

Note: 1. Driv@ance of Rzq/7 and an effective test load of 50Q to Vi1 = Vppgq.

FIGURE 38: CONNECTIVIY ' EST MODE REFERENCE TEST LOAD

\/
VDlDQ
DQ, DQS_t, DQS_c,
DM, TDQS_t, TDQS_c
CT_Inputs
— 1 ouT VvV 05X Vppq
Ry =500
|
Vssa
Timing reference point
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FIGURE 39: CONNECTIVITY TEST MODE OUTPUT SLEW RATE DEFINITION

,,,,,,,,,,,,,,,,,,,, Vor(ac)

0.5xVDD

A TFoutput_CT

TABLE 46: CONNECTIVITY TEST MODE OUTPUT S-.

DDR 33/1866/ DDR4-2933/
2133 /2400 DDR4-2666 3200
Parameter Symbol Mlin Max Min Max Min Max Unit
Output signal falling time TF_output_S( ] - 10 - 10 - 10 ns/V
Output signal rising time TR_outp&v - 10 - 10 - 10 ns/V
v
STACKED Technologies Incorporated www.stackedtechnologies.com 65 High Performance, Highly Integrated Memory Module

June 23, 2017 STDS-ST9D4512M32DBGO Rev F



ST9D4512M40DBGO

Advanced Information
S>l AKED. STODiSIaNEI08GD

Output Driver Electrical Characteristics

The DDR4 driver supports two Rgy values. These Rgy values are referred to as strong mode (low Roy: 34Q) and
weak mode (high Rgn: 48Q). A functional representation of the output buffer is shown in the figure below.

FIGURE 40: OuTPUT DRIVER: DEFINITION OF VOLTAGES AND CURRENTS

Chip in drive mode

_ Qutputdriver _
¢ | ° Vbpa
[ [
I ‘IPU I
' ' O
To I I
other | RONPU | &\
circuitry ' I ' D
iike [T 1 ; Q
RCV, | | ouT
| Ronpp | Q.
' O
[
[
° Vssq

v
The output driver impedance, Rop; is det mi‘%by the value of the external reference resistor Rz as follows:
Ronga = Rzq/7, or Ronwus) = Rzq/5. TR des either a nominal 34.3Q +£10% or 48Q +10% with nominal Rzq =
240Q.

The individual pull-up and pull.d resistors (Ronpy and Ronpq) are defined as follows:

RONPu when RONPd is off: Q

Vbpq - Vour
Ronbu= ———

‘|OUT‘
RONPD when RONPU is off:

Vour

Ronpp = ‘I
oot
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Electrical Characteristics — AC and DC Output Driver Characteristics

TABLE 47: STRONG MODE (34Q) OuTPUT DRIVER ELECTRICAL CHARACTERISTICS

Assumes Rzq = 240Q; Entire operating temperature range after proper ZQ calibration
RoN,nom Resistor Vour Min Nim Max Unit Notes
VoLoo = 0-5% Vppq 0.8 1.0 1.1 Rza/7 1,2,3
RoN34pD Vomoo =08 X Vppg 0.9 1.0 1.1 Rzo/7 1,2,3
Voroo =11 % Vppq 0.9 1.0 1.25 Rza/7 1,2,3
340 VoLoo = 05X Vppa 0.9 1.0 125 Rzo/7 1,23
RoN34pU Vomoo) = 08 X Vppq 0.9 1.0 1.1 Rza/7 1,2,3
Voroo =11 % Vppa 0.8 1.0 1.1 Rzo/7 1,23
Mismatch between DQ to DQ Vomoe) = 0.8 X Vppg -10 - 10 % 1,2,3,4,5
within byte variation pull-up,
MMpyqqd %
Mismatch between DQ to DQ Vompo) = 0.8 X Vppq - - \ 10 % 1,2,3,4,
within byte variation pull-down, & N 6,7
MMPppqq
Mismatch between pull-up and Vompe) = 0.8 X Vppg - 10 % 1,2,3,4,
pull-down, MMpypp A 6,7
Notes: 1. The tolerance limits are specifie alibration with stable voltage and temperature.
For the behavior of the tolerapc s if temperature or voltage changes after calibra-

tion, see following section tage and temperature sensitivity.
2. The tolerance limits are é under the condition that Vppq = Vpp and that Vgsq =

Vss. \a

3. Micron recommeng libPating pull-down and pull-up output driver impedances at 0.8 x
Vppq- Other calip @ schemes may be used to achieve the linearity specification

ple, calibration at 0.5 x Vppg and 1.1 Vppq.

4. DQ-to-DQ h within byte variation for a given component including DQS_t and
DQS_c(c frized).
5. Measu t definition for mismatch between pull-up and pull-down, MMppp:

E oth Ronpy and Ronpp at 0.8 x Vppq separately; RON,nom is the nominal Roy
valNe

R -R
?\QAMPUPD _ 2oneu ~Ronpp ) 40

RON,nom

6. RON variance range ratio to Rgy nominal value in a given component, including DQS_t
and DQS_c:

R -R .
MMPUDD= ONPU, max ONPU, min x 100
RON,nom

R -R .
MMPDDD= ONPU, gg)'(\l ONPU, min x 100
,nom

7. The lower and upper bytes of a x16 are each treated on a per byte basis.

8. For IT and AT devices, the minimum values are derated by 9% when the device operates
between -40°C and 0°C (TC).
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TABLE 48: WEAK MoDE (48Q) OuTPUT DRIVER ELECTRICAL CHARACTERISTICS
Assumes Rzq = 240Q; Entire operating temperature range after proper ZQ calibration
Ron,nom Resistor Vour Min Nim Max Unit Notes
480 RON34PD VOL(DC) =0.5x% VDDQ 0.8 1.0 1.1 RZQ/5 1,2,3
VOM(DC) =0.8 % VDDQ 0.9 1.0 1.1 RzQ/s 1,2,3
Vorpo) = 1.1 % Vppq 0.9 1.0 1.25 Rza/5 1,2,3
RON34PU VOL(DC) =0.5% VDDQ 0.9 1.0 1.25 R2Q/5 1,2,3
VOM(DC) =0.8 X VDDQ 0.9 1.0 1.1 RZQ/5 1,2,3
VOH(DC) =1.1x% VDDQ 0.8 1.0 1.1 RzQ/5 1,2,3
Mismatch between DQ to DQ Vompe) = 0.8 X Vppg -10 - 10 % 1,2,3,4,5
within byte variation pull-up, é
MMpydd
Mismatch between DQ to DQ Vompe) = 0.8 X Vppg - - \ 10 % 1,2,3,4,
within byte variation pull-down, & N 6.7
MMppyq
Mismatch between pull-up and Vompe) = 0.8 X Vppg - 10 % 1,2,3,4,
pull-down, MMpypp 6.7

Notes: 1. alibration with stable voltage and temperature.

The tolerance limits are speaﬂe

For the behavior of the toler pAts if temperature or voltage changes after calibra-
tion, see following section %tage and temperature sensitivity.

2. The tolerance limits are é under the condition that Vppq = Vpp and that Vgsq =

Vss. \

3. Micron recomme librating pull-down and pull-up output driver impedances at 0.8 x
Vppq- Other caisr@ schemes may be used to achieve the linearity specification
shown abov: epample, calibration at 0.5 x Vppg and 1.1 Vppgq.

ch within byte variation for a given component including DQS_t and
rized).

5. Meaguragent definition for mismatch between pull-up and pull-down, MMpypp:
M Z?Q‘both Ronpu and Ronpp at 0.8 x Vppq separately; RON,nom is the nominal Rgy
QQ‘!Se.

R -R
v MMPUPD = OI;F:JN ONPD x 100
,nom

6. RON variance range ratio to Rgy nominal value in a given component, including DQS_t
and DQS _c:

R -R
MMPUDD - ONPU, gg)'(\l ONPU, min x 100
nom

Ronpu, max = Ronpu, min

MMpppp = Ron
,nom

x 100

7. The lower and upper bytes of a x16 are each treated on a per byte basis.

8. For IT and AT devices, the minimum values are derated by 9% when the device operates
between -40°C and 0°C (TC).
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Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the equations and
tables below.

AT =T - T(@calibration); AV = Vppq - Vppq(@ calibration); Vpp =Vppg

TABLE 49: OUuTPUT DRIVER SENSITIVITY DEFINITIONS

Symbol Min Max Unit
Ronpu @ Vorpo 0.6 - dRondTH X |AT| - dRondVH x |AV] 1.1 _dRondTH x |AT| + dRondVH x |AV] Rzq/6
Ron@ Vompo) 0.9 - dRoNdTM X |AT| - dRondVM X |AV] 1.1 + dRondTM X |AT| + dRondVM X |AV| Rzq/6
Ronep @ VoLpo) 0.6 - dRondTL X |AT| - dRondVL X AV 1.1 + dRondTL X |AT| +4RondVL X [AV] Rzq/6

TABLE 50: OUTPUT DRIVER VOLTAGE AND TEMPERATURE SENSITIVITY

Voltage and Temperatufe

Symbol Min 5 Wax Unit

dRondTM 0 Y15 %/°C
dRondVM 0 S 0.15 %/mV
dRondTL o () 15 %/°C
dRondVL g<<v 0.15 %/mV
dRondTH A 15 %/°C
dRondVM N> 0.15 %/mV

Alert Driver

A functional representation of the alert o buffer is shown in the figure below. Output driver impedance, Roy,

is defined as follows.

Alert driver
DRAM Alert
IOUT
RONPD VOUT
l IPD
Vssq
RONPD when RONPU is off:
VOUT
RONPD - |
‘ OUT‘
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Electrical Characteristics — On-Die Termination Characteristics

TABLE 51: ALERT DRIVER VOLTAGE

RoN,nom Register Vour Min Nom Max Unit
N/A RoNPD VoLoo =0.1% Vppa 03 N/A 1.2 Rza/7
Vompoe) = 0.8 X Vppg 0.4 N/A 1.12 Rzq/7

Vonpo =1.1%Vbpg 0.4 N/A 1.4 Rzq/7

Electrical Characteristics — On-Die Termination Characteristics

ODT Levels and I-V Characteristics

On-die termination (ODT) effective resistance settings are defined and can be sell @u py any or all of the following

options: xﬂ
e MRI1[10:8] (RtTvomy): Disable, 240 ohms, 120 ohms, 80 ohms, 60 ohms&§ ofMms, 40 ohms, and 34 ohms.
* MR2[11:9] (RrT(wr)): Disable, 240 ohms,120 ohms, and 80 ohms.

* MR5[8:6] (Rrr(park)): Disable, 240 ohms, 120 ohms, 80 ohms, 60 g ohms, 40 ohms, and 34 ohms.
ODT is applied to the following inputs:
* x4: DQ, DM_n, DQS_t, and DQS_c inputs. <<O

e x8:DQ, DM_n, DQS_t, DQS_c, TDQS_t, and TDQS_c in
e x16: DQ, LDM_n, UDM_n, LDQS_t, LDQS_c, UDQS}K UDQS_c inputs.

A functional representation of ODT is shown in t@ure below.

%

FIGURE 42: ODT DEFINITION OF VOLTAGES AND CURRENTS

\ Chip in termination mode
\ oDT
Vbba
E Rer
To other TT
circuitry
like RCV,
lout
Vour
® "Vssq
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TABLE 52: ODT DC CHARACTERISTICS
Rrr Vour Min Nom Max Unit Notes
240 ohm VoLoo) = 0.5 x Vopg 0.9 1 1.25 Rzq 1,2,3
Vomoo =08 X Vopo 0.9 1 1.1 Rza 1,2,3
Voo = 1.1 % Vopg 0.8 1 1.1 Rzq 1,2,3
120 ohm VoL = 0.5 X Vppo 0.9 1 1.25 Rz/2 1,2,3
Vomoo = 0.8 % Vopa 0.9 1 1.1 Rz0/2 1,2,3
Voroo = 1.1 % Vppa 0.8 1 1.1 Rz/2 1,2,3
80 ohm VoL = 0.5 X Vppg 0.9 1 1.25 Rzo/3 1,2,3
Vompo = 0.8 X Vopg 0.9 1 11 Rz0/3 1,2,3
Voroo = 1.1 % Vopa 038 1 AN Rz0/3 1,2,3
60 ohm VoL oo = 0.5 x Vppg 0.9 1 Yy Rzq/4 1,2,3
Vomoo) = 0.8 X Vppg 09 1 PN Rzo/4 1,2,3
Voroo = 1.1 % Vppa 0.8 1T o 1.1 Rzo/4 1,2,3
48 ohm Vovpo =0.5x% Vppq 0.9 AN 1.25 Rzo/5 1,2,3
Vomoo =08 Vopg 0.9 PASNY 1.1 Rza/5 1,2,3
Voroo = 1.1 % Vopa 0.8 Nead 1.1 Rzo/5 1,2,3
40 ohm Vo0 = 0.5 X Vppo 09 , 1 1.25 R20/6 1,2,3
Vomoo) = 0.8 X Vppg 098\ 1.1 Rz0/6 1,2,3
Voroo = 1.1% Vppa K 1 1.1 Rz0/6 1,2,3
34 0hm Vorpg =05%Vopa | g 0N 1 1.25 Rzo/7 1,2,3
Vompo =08xVopa A NJ 09 1 1.1 Rzo/7 1,2,3
Vorpo =11xVogem N/ 08 1 11 Rzo/7 1,2,3
DQ-to-DQ mismatch Vompo =08 &J 0 - 10 % 1,2,4,5,6
within byte

STACKED Technologies Incorporated

N\
Notes: 1. T$ e

rance limits are specified after calibration to 240 ohm +1% resistor with stable

e and temperature. For the behavior of the tolerance limits if temperature or
Itage changes after calibration, see ODT Temperature and Voltage Sensitivity.
icron recommends calibrating pull-up ODT resistors at 0.8 x Vppq. Other calibration
schemes may be used to achieve the linearity specification shown here.
3. The tolerance limits are specified under the condition that Vppq = Vpp and Vssq = Vss.
4. The DQ-to-DQ mismatch within byte variation for a given component including DQS_t

and DQS_c.

5. RTT variance range ratio to Rt nominal value in a given component, including DQS_t

and DQS_c.

DQ-to-DQ mismatch =

Rrrivax) - Rrroming

x 100
Rrr(nom)

6. DQ-to-DQ mismatch for a x16 device is treated as two separate bytes.

7. For IT and AT devices, the minimum values are derated by 9% when the device operates
between -40°C and 0°C (TC).
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ODT Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the following equa-
tions and tables.

AT =T - T(@ calibration); AV = Vppq - Vpp(@ calibration); Vpp =Vppg

TABLE 53: ODT SENSITIVITY DEFINITIONS
Parameter Min Max Unit
Rrr@ 0.9 - dR7dT x |AT| - dRrrdV x |AV] 1.6 + dR7dTH x |AT| + dRrdVH x |AV| Rzq/n

TABLE 54: ODT VOLTAGE AND TEMPERATURE SENSITIVITY

=
5
4

Parameter Max r\ Unit
dRyrdT 0 15 \J %/°C
dRyrdV 0 0.15 & - %/mV

ODT Timing Definitions

The reference load for ODT timings is different than the refere Ii N\id used for timing measurements.

FIGURE 43: ODT TimING REFERENCE LOAD

DQ, DQS_t, DQS_c,
DM, TDQS_t, TDQS_c
VvV

Ryr =500

\g

g

Vssa Vi =Vssa

Timing reference point

ODT Timing Definitions and Waveforms

Definitions for 'ADC, 'AONAS, and 'AOFAS are provided in the Table 122 (page 292) and shown in Figure 230 (page
293) and Figure 232 (page 294). Measurement reference settings are provided in the subsequent Table 123 (page
292).

The 'ADC for the dynamic ODT case and read disable ODT cases are represented by tADC of Direct ODT Control
case.
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TABLE 55: ODT TIMING DEFINITIONS
Parameter Begin Point Definition End Point Definition Figure
tADC Rising edge of CK_t, CK_c defined by the end point of Extrapolated point at Vgrr nom Figure 230
DODTLoff (page 293)
Rising edge of CK_t, CK_c defined by the end point of Extrapolated point at Vssq Figure 230
DODTLon (page 293)
Rising edge of CK_t, CK_c defined by the end point of Extrapolated point at Vgrr nom Figure 231
ODTLcnw (page 293)
Rising edge of CK_t, CK_c defined by the end point of Extrapolated point at Vssq Figure 231
ODTLcwn4 or ODTLcwn8 (page 293)
tAONAS Rising edge of CK_t, CK_c with ODT being first registered Extrapolated point af Vssq Figure 232
HIGH é (page 294)
tAOFAS Rising edge of CK_t, CK_c with ODT being first registered Extrapolated }vmnom Figure 232
LowW 2\ (page 294)

l\‘

STACKED Technologies Incorporated

Measure
Parameter Rr1(Park) Rrr(nom) L erw) VSW1 VSw2 Note
tADC Disable Rzq/7 (34Q) ‘% 0.20V 0.40V 1,2,4
- Rz0/7(340)  laeN 0.20V 0.40V 1,3,5
tAONAS Disable Rzo/7 (34Q) NS 0.20V 0.40V 1,2,6
tAOFAS Disable Rzo/7 Q) ) 0.20V 0.40V 1,2,6
Notes: 1. MR settings ‘II,ows: MR1 has A10=1, A9 =1, A8 = 1 for Rrr(nowmy setting; MR5 has
A8=0,A = 0 for Ryy(park) setting; and MR2 has A11=0,A10=1, A9 =1 for
Rrrowr

change is controlled by ODT pin.

2. ODTegda
3. ORT ¥ate change is controlled by a WRITE command.
4 r to Figure 230 (page 293).

Qefer to Figure 231 (page 293).
?ﬁ efer to Figure 232 (page 294).
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FIGURE 44: TADC DEFINITION WITH DIRECT ODT CONTROL
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DODTLoff DODTLon

Begin point: Rising edge

I of CK_t, CK_c defined
2 2—»' by the end point of
: DODTLoff

End point: Extrapolated
pointat Vgrr nom

DQ, DM
DQS_t, DQS_c
TDQS_t, TDQS_c

Begin point: Rising edge
of CK_t, CK_c defined
by the end point of
DODTLon

FIGURE 45: TADC DEFINITION WITH DYNAMIC OLT CONTROL

ODTLcnw

ODTLcnw4/8

I

Begin point: Risin e
' of CK_t, CK_c gefthe
Z ! by the end o@

| ODTLen

End point: Extrapolated

VR'I'I',nom point at Verr 1om

DQ, DM
DQS_t, DQS_c
TDQS_t, TDQS_c

Vssa

Begin point: Rising edge
of CK_t, CK_c defined

by the end point of
ODTLcnw4 or ODTLcnw8

tADC |
|
|
|
|
|
| VRTI',nom
|
|
______ -
|
______ rf-----
"/ End point: Extrapolated
VSSQ I pointat Vseq
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FIGURE 46: TAOFAS AND TAONAS DEFINITIONS

Rising edge of CK_t, CK_c

Rising edge of CK_t, CK_c
with ODT being first

: ' with ODT being first
Z 2—»: registered LOW Z <)—>: registered HIGH
| |

|
|
I
|
Vv : End point: Extrapolated :
RTT,nom point at Vet nom

o
DQS t,DQS.c - -—---A\-------
TDQS_t, TDQS_c
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TABLE 57: DRAM PACKAGE ELECTRICAL SPECIFICATIONS
1600, 1866 2133, 2400 2666, 3200
Parameter Symbol Min Max Min Max Min Max Unit | Notes
Input/ Zpkg Zo 45 85 45 85 TBD TBD ohm | 1,2,4
output Package delay Tdio 14 45 14 45 TBD TBD ps | 1,3,4
Lpkg Lo - 34 - 34 TBD TBD nH
Cpkg Co - 0.82 - 0.82 TBD TBD pF
DQSL_t/ Zpkg Ziob0s 45 85 45 85 TBD TBD ohm | 1,2
DQSL </ Package delay Tdio pas 14 45 14 45 TBD TBD ps 1,3
DQSU_v/ Lpkg Liopas - 34 - 34 '@l TBD nH
DQSU_c
Cpkg Clobas - 0.82 - os2 | | TeD pF
DQSL_t/ Delta Zpkg DZi000s - 10 - 10 N\TBD TBD | ohm | 1,2,3
DQsL_c, Delta delay DTdio bas - 5 - . N TBD TBD ps | 1,36
DQSU_t/ V
DQSU_c, ﬁ&
Input CTRL | Zpkg ZicraL 50 90 N 90 TBD TBD ohm | 1,2,8
pins Package delay Td| cTrL 14 42 m‘ 42 TBD TBD ps 1,3,8
Lpkg L craL - 34 AINS 34 8D TBD nH
Cpkg CicTrL - 0.7 - 0.7 TBD TBD pF
Input CMD | Zpkg Z1 ADD CMD 50 N 50 90 TBD TBD ohm | 1,2,7
ADD pins Package delay Td, AbD cmD 14 T\ 52 14 52 TBD TBD ps | 1,37
Lpkg L ADD CMD W 39 - 3.9 8D TBD nH
Cpkg Caooamo | 0.86 - 0.86 TBD TBD pF
CK_t,CK_c |Zpkg Zek ’;\-56 90 50 90 TBD TBD | ohm | 1,2
Package delay Tdck ﬁ, 14 42 14 42 TBD TBD ps 1,3
Delta Zpkg Dz % - 10 - 10 TBD TBD ohm | 1,2,5
Delta delay mm}( - 5 - 5 TBD TBD ps 1,3,5
Input CLK  |Lpkg Nk - 34 - 34 TBD TBD nH
Cpkg T Crax - 0.7 - 0.7 TBD TBD pF
ZQ Zpkg Zoza 40 100 40 100 TBD TBD ohm | 1,2
ZQ delay Tdo zq 20 90 20 90 TBD TBD ps 1,3
ALERT Zpkg Z0oALERT 40 100 40 100 TBD TBD ohm | 1,2
ALERT delay Tdo ALERT 20 55 20 55 TBD TBD ps 1,3
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Notes: 1. The package parasitic (L and C) are validated using package only samples. The capaci-
tance is measured with Vpp, Vppq, Vss, and Vssq shorted with all other signal pins float-
ing. The inductance is measured with Vpp, Vppq, Vss, and Vssq shorted and all other
signal pins shorted at the die, not pin, side.

2. Package-only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a
given pin where: Zpkg (total per pin) = SQRT (Lpkg/Cpkg).

3. Package-only delay (Tpkg) is calculated based on Lpkg and Cpkg total for a given pin
where: Tdpkg (total per pin) = SQRT (Lpkg x Cpkg).

4. Z,0and Td,g apply to DQ, DM, DQS_c, DQS_t, TDQS_t, and TDQS_c.

5. Absolute value of ZCK_t, ZCK_c for impedance (Z) or absolute value of TdCK_t, TdCK_c
for delay (Td).

6. Absolute value of ZIO (DQS_t), ZIO (DQS_c) for impedance (Z) or absolute value of TdIO
(DQS_t), TdIO (DQS_c) for delay (Td).

Z, apb cmp @nd Td; app cvp apply to A[17:0], BA[1:0], B S_n CAS_n, and WE_n.
Z, ctrL @nd Td| ctrL apply to ODT, CS_n, and CKE.

9. Package implementations will meet speciﬁcation)% pkg and package delay fall
within the ranges shown, and the maximum L amNl Cpkg do not exceed the maximum
values shown.

10. Itis assumed that Lpkg can be approxim pkg =Zg x Td.
11. Itis assumed that Cpkg can be appro>Qt~ s Cpkg =Td/Z,.

O
&

<
%C}
\g

§

© N
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TABLE 58: PAD INPUT/OUTPUT CAPACITANCE
DDR4-1600, DDR4-2400,
1866, 2133 2666 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Notes
Input/output capacitance: DQ, Cio 0.55 1.4 0.55 1.15 0.55 1.15 pF 1,2,3
DM, DQS_t, DQS_c, TDQS_t,
TDQS_c
Input capacitance: CK_t and Cck 0.2 0.8 0.2 0.7 0.2 0.7 pF 1,2,3,4
CK_c
Input capacitance delta: CK_t Cpck 0 0.05 0 0.05 0 0.05 pF 1,2,3,5
and CK_c
N
Input/output capacitance delta: Cbbas 0 0.05 0 0.05 % 0.05 pF 1,3
DQS._tand DQS_c O
Input capacitance: CTRL, ADD, C 0.2 0.8 0.2 0.7 \\\a/z 0.7 oF | 1,36
CMD input-only pins
Input capacitance delta: All Coi_cTrL -0.1 0.1 -0.1 ?N -0.1 0.1 pF 1,3,7
CTRL input-only pins k&
Input capacitance delta: All Cpi_ADD_cMD -0.1 0.1 > N 0.1 -0.1 0.1 pF 1,3,89
ADD/CMD input-only pins
Input/output capacitance delta: Coio -0.1 0.1 2.1 0.1 -0.1 0.1 pF 1,2,10,
p

DQ, DM, DQS_t, DQS_c, TDQS_t, Q 1
TDQS_c ‘é
Input/output capacitance: CALERT 0.5 \\ 0.5 1.5 0.5 1.5 pF 1,3
ALERT pin ‘q
Input/output capacitance: ZQ Czq %\/ 23 0.5 23 05 23 oF | 1,312
pin C,
Input/output capacitance: TEN CTEE ;‘JO.Z 23 0.2 23 0.2 23 pF 1,3,13
pin

Notes:

STACKED Technologies Incorporated

1.

.Qoigh the DM, TDQS_t, and TDQS_c pins have different functions, the loading
atthes DQ and DQS.

glhis parameter is not subject to a production test; it is verified by design and characteri-

www.stackedtechnologies.com

zation. The capacitance is measured according to the JEP147 specification, “"Procedure
for Measuring Input Capacitance Using a Vector Network Analyzer (VNA),” with Vpp,
Vbpa: Vss, and Vssq applied and all other pins floating (except the pin under test, CKE,
RESET_n and ODT, as necessary). Vpp = Vppq = 1.5V, Vgjas = Vpp/2 and on-die termination
off.

This parameter applies to monolithic die, obtained by de-embedding the package L and
C parasitics.

Cpio = Co(DQ, DM) - 0.5 x (C;0(DQS_t) + C0(DQS_0)).

Absolute value of C,g (DQS_t), Cio (DQS_c)

Absolute value of CCK_t, CCK_c

C, applies to ODT, CS_n, CKE, A[15:0], BA[1:0], RAS_n, CAS_n, and WE_n.

CD) ctre applies to ODT, CS_n, and CKE.

CDI_CTRL = C|(CTRL) -0.5x (C|(CLK_t) + C|(CLK_C)).

Cpi_app_cmp applies to A[15:0], BA1:0], RAS_n, CAS_n and WE_n.

. CDl_ADD_CMD = C|(ADD_CM D) -0.5x%x (C|(CLK_t) + C|(CLK_C))

Maximum external load capacitance on ZQ pin: 5pF.

. Only applicable if TEN pin does not have an internal pull-up.

High Performance, Highly Integrated Memory Module
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Thermal Characteristics
Thermal Characteristics
TABLE 59: THERMAL CHARACTERISTICS
Parameter/Condition Value Units Symbol Notes
Operating case temperature: 0to 85 °C Tc 1,2,3
Commercial 0t0 95 °C Tc 1,2,3,4
Operating case temperature: -40 1o 85 °C Tc 1,2,3
Industrial -40to0 95 °C Tc 1,2,3,4
Operating case temperature: -40 10 85 ;\V Tc 1,2,3
Automotive -40to 105 A\@ N Tc 1,2,3,4
Junction-to-case (TOP) Die Rev A 78 ball "HX” i °C/W 0JC 5
96-ball “HA" 36 . ON
Junction-to-case (TOP) Die Rev B 78 ball "RH" ! \ °C/W 0JC 5
96-ball “GE" ¥D

Notes: 1.
2. Athermal solution must be ¢€sj
maximum T¢ during opera

3. Device functionality is
ing operation. ’\

interval refres

MAX operating case temperatu@measured in the center of the package.
to ensure the DRAM device does not exceed the

anteed if the DRAM device exceeds the maximum T¢ dur-

4. If Tc exceeds 85°CRAM must be refreshed externally at 2x refresh, which is a 3.9ps
€

5. The therm S ce data is based off of a number of samples from multiple lots and
should bgAgwgd as a typical number.

(mm|
[N

- (W/2) —

— Tctest point
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Current Specifications — Measurement Conditions

Ipps Ipp, and Ippg Measurement Conditions

Ipp, Ipp, and Ippg measurement conditions, such as test load and patterns, are defined in this section.

Ipp currents (Ippg, Ipp1, Ipp2n, Ipp2nT: IbD2P: IDD2Q) IDD3N: IDD3P, IDD4R, IDDAW: IDD5B, IDDEN, IDDEE, IDDER
Ipp7, and Ippg) are measured as time-averaged currents with all Vpp balls of the device under test grouped to-
gether. Ipp and Ippq currents are not included in Ipp currents.

* Ipp currents are Ippgp for standby cases (Ipp2n, Ipp2nt IDD2P) IDDZQ’ Ippans Ippsps Ippg); Ippo for active cases
(IDDO’IDDL IDD4R7 IDD4W); IPPSB and IPPGN for self refresh cases (IDDGN, IDD6E7 IDDGR)» and IPP?- These have the
same definitions as the Ipp currents referenced but are measured on the Vpp supply.

* Ippq currents (Ippgznt and Ippg4r) are measured as time-averaged currents with Vppg balls of the device un-
der test grouped together. Ipp current is not included in Ipp currents.

Note: Ipp( values cannot be directly used to calculate the I/0 power of the device. Thé\gan be used to support
correlation of simulated I/O power to actual I/O power. In DRAM module applicatj Q cannot be measured
separately because Vpp and Vpp( are using a merged-power layer in the module

The following definitions apply for Ipp, Ippp and Ippg measurements. &

e “0” and “LOW” are defined as VN =VIL,(AC)max

e “1” and “HIGH” are defined as Viy <VIH(AC)min @E

e “Midlevel” is defined as inputs Vrgg = Vpp/2
* Timings used for Ipp, Ippp and Ippg measurement-loop pa re provided in the Current Test Definition and
Patterns section.

* Basic Ipp, Ipp, and Ippg measurement conditions are bed in the Current Test Definition and Patterns sec-
tion.

e Detailed Ipp, Ipp, and Ippg measurement-loop patt are described in the Current Test Definition and Pat-
terns section.

e Current measurements are done after pro iMtializing the device. This includes, but is not limited to, setting:

Ron =Rzq/7 (34 ohm in MR1);
Qoff = 0B (output buffer enabled in M
RTT(NOM) = RZQ/6 (40 ohm in MR1);
Rrrwr) = Rzo/2 (120 ohm in ME%
RTT(Park) = disabled;
TDQS feature disabled in “SRC disabled in MR2; CA parity feature disabled in
MR3; Gear-down mode dr@d in MR3; Read/Write DBI disabled in MR5; DM disabled in MR5

e Define D = {CS_n, RAS_ S_n, WE_n}: = {HIGH, LOW, LOW, LOW}; apply BG/BA changes when directed.

e Define D_n = {CS_n, RAS_n, CAS_n, WE_n}: = {HIGH, HIGH, HIGH, HIGH}; apply invert of BG/BA changes when
directed above.

Note: The measurement-loop patterns must be executed at least once before actual current measurements can be
taken.
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FIGURE 48: MEASUREMENT SETUP AND TEST LOAD FOR Ippx, Ipppx, AND Ippax

Ve 4 Y

I I I

Voo Vpp Voba
O—] RESET_n
o— CK_t/CK_c DDR4
o—| CKE SDRAM  DQ5.tDQ5.c -0

DQ o

o— &0 Module Q
o— C DM_n [©
o— ACT_n, RAS_n, CAS_n,WE_n %
o— A, BG, BA O
o— oDT ,<\

Vss Vssq

| . |®‘?*‘

FIGURE 49: CORRELATION: SIMULATED CHANNEL I/O P/)Wwr'R TO ACTUAL CHANNEL I/O POWER

Application-specific
memory channel Ibba
environment \ test load

Channe | 1/0 b Iobq Ibba
power simulation ( simulation measurement

; Correlation
-y
QV Correction

Channel1/0
power number

Note: 1. Supported by Ippq measurement.

Ipp Definitions

TABLE 60: BAsic Ipp, Ipp, AND Ippg MEASUREMENT CONDITIONS
Symbol Description

Iobo Operating One Bank Active-Precharge Current (AL = 0)

CKE: HIGH; External clock: On; tCK, nRC, nRAS, CL: see the previous table; BL: 8;' AL: 0; CS_n: HIGH between
ACT and PRE; Command, address, bank group address, bank address inputs: partially toggling according to the
next table; Data I/O: Vppg; DM_n: stable at 0; Bank activity: cycling with one bank active at a time: 0,0, 1, 1, 2,

2, ... (see the Ippy Measurement-Loop Pattern table); Output buffer and Ryy: enabled in mode registers;2 ODT
signal: stable at O; Pattern details: see the Ippg Measurement-Loop Pattern table
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TABLE 60: BaAsic Ipp, Ipp, AND Ippg MEASUREMENT CONDITIONS (CONTINUED)
Symbol Description

Ippo Operating One Bank Active-Precharge lpp Current (AL = 0)
Same conditions as lppg above

IpD1 Operating One Bank Active-Read-Precharge Current (AL = 0)

CKE: HIGH; External clock: on; 'CK, nRC, nRAS, nRCD, CL: see the previous table; BL: 8;> AL: 0; CS_n: HIGH
between ACT, RD, and PRE; Command, address, bank group address, bank address inputs, Data 1/O: partially
toggling according to the Ipp; Measurement-Loop Pattern table; DM_n: stable at O; Bank activity: cycling with
one bank active atatime: 0,0, 1, 1, 2, 2, ... (see the following table); Output buffer and Ry: enabled in mode
registers;2 ODT Signal: stable at 0; Pattern details: see the Ipp; Measurement-Loop Pattern table

Iopan Precharge Standby Current (AL = 0)

CKE: HIGH; External clock: On; 'CK, CL: see the previous table; BL: 8;" AL: 0; CS_n: stable at 1;3gmmand, address,
Weasurement-
buffer and

0 Ipp3n Measurement-

Loop Pattern table; Data I/0: Vppg; DM_n: stable at 1; Bank activity: all banks closed;
Ryr: enabled in mode registers;2 ODT signal: stable at 0; Pattern details: see the ,%
Loop Pattern table

IpD2NT Precharge Standby ODT Current Y
CKE: HIGH; External clock: on; 'CK, CL: see the previous table; BL: 8;' A@ :stable at 1; Command, address,
h

bank gropup address, bank address inputs: partially toggling acc e Ippant and Ippgont Measurement-
Loop Pattern table; Data I/0: Vsgq; DM_n: stable at 1; Bank ac, banks closed; Output buffer

and Ryy: enabled in mode registers;2 ODT signal: toggling #)g to the Ippont and Ippgont Measurement-
Loop Pattern table; Pattern details: see the Ipp,nt and IDQ easurement-Loop Pattern table

IbpQ2NT Precharge Standby ODT Ippq Current
Has the same definition as Ipp,nt above, with the eN éon of measuring Ippq current instead of Ipp current

lop2p Precharge Power-Down Current Q
CKE: LOW; External clock: on; 'CK, CL: see e prWfous table; BL: 8;' AL: 0; CS_n: stable at 1; Command, address,
bank group address, bank address inpys: at 0; Data I/0O: Vppg; DM_n: stable at 1; Bank activity: all

banks closed; Output buffer and RT,‘\ abJtd in mode registers;2 ODT signal: stable at 0

Ibp20 Precharge Quiet Standby Curre
CKE: HIGH; External clock: o - see the previous table; BL: 8;' AL: 0; CS_n: stable at 1; Command, address,
bank group address, bar%r s inputs: stable at 0; Data I/0: Vppg; DM_n: stable at 1; Bank activity: all

banks closed; Outpqu d Ry: Enabled in mode registers;2 ODT signal: stable at 0

IpD3N Active Standby ML =0)

CKE: HIGH; ExternaMock: on; 'CK, CL: see the previous table; BL: 8;' AL: 0; CS_n: stable at 1; Command, address,
bank group address, bank address inputs: partially toggling according to the Ipp,y and Ipp3y Measurement-
Loop Pattern table; Data I/O: Vppg; DM_n: stable at 1; Bank activity: all banks open; Output buffer and

Rtr: Enabled in mode registers;2 ODT signal: stable at 0; Pattern details: see the Ipp,y and Ippsy Measurement-
Loop Pattern table

IPPSB Active Standby IPPSB Current (AL = 0)
Same conditions as Ippsy above

lopsp Active Power-Down Current (AL = 0)

CKE: LOW; External clock: on; 'CK, CL: see the previous table; BL: 8;' AL: 0; CS_n: stable at 1; Command, address,
bank group address, bank address inputs: stable at 1; Data I/O: Vppgo; DM_n: stable at 1; Bank activity: all

banks open; Output buffer and Rry: Enabled in mode registers;2 ODT signal: stable at 0
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TABLE 60: BaAsic Ipp, Ipp, AND Ippg MEASUREMENT CONDITIONS (CONTINUED)
Symbol Description

IbDar Operating Burst Read Current (AL = 0)

CKE: HIGH; External clock: on; 'CK, CL: see the previous table; BL: 8;'> AL: 0; CS_n: HIGH between RD; Command,
address, bank group address, bank address inputs: partially toggling according to the Ippsg and Ippqag
Measurement-Loop Pattern table; Data I/O: seamless read data burst with different data between one burst

and the next one according to the Ippgg and Ippgsr Measurement-Loop Pattern table; DM_n: stable at 1; Bank

activity: all banks open, RD commands cycling through banks: 0,0, 1, 1, 2, 2, ... (see the Ippsg and Ippgsg Measurement-
Loop Pattern table); Output buffer and Rry: Enabled in mode registers;2 ODT signal: stable at 0; Pattern

details: see the Ippsg and Ippgsar Measurement-Loop Pattern table

Ibbaar Operating Burst Read Ippq Current
Has the same definition as I ppsg, With the exception of measuring Ippg current instead of INurrent

Ibpaw Operating Burst Write Current (AL = 0)
CKE: HIGH; External clock: on; 'CK, CL: see the previous table; BL: 8;" AL: 0; CS_n: HIGeen WR; Command,
address, bank group address, bank address inputs: partially toggling according NDDA;W Measurement-

Loop Pattern table; Data I/O: seamless write data burst with different data betweegone burst and the

next one according to the Ippsw Measurement-Loop Pattern table; DM: sgab ; Bank activity: all banks
open, WR commands cycling through banks: 0,0, 1, 1, 2, 2, ... (see Ipp4 ement-Loop Pattern table);
Output buffer and R17: enabled in mode registers (see note2); ODT, able at HIGH; Pattern details: see
the Ippsyw Measurement-Loop Pattern table

L~
lppss Burst Refresh Current (1X REF) %2 M
CKE: HIGH; External clock: on; tCK, CL, nRFC: see the pre Qa e; BL: 8;1 AL: 0; CS_n: HIGH between REF;
Command, address, bank group address, bank addreggj : partially toggling according to the Ippsg Measurement-

Loop Pattern table; Data I/O: Vppq; DM_n: stable at k activity: REF command every nRFC (see
the lppsg Measurement-Loop Pattern table); O t bd¥fer and R7: enabled in mode registers?; ODT signal:
stable at 0; Pattern details: see the Ippsg Mys nt-Loop Pattern table

Ippsg Burst Refresh Current (1X REF)
Same conditions as Ippsg above \(.)

Iopsn Self Refresh Current: Normal T ature Range

Tc: 0-85°C; Auto self refresh (AN Q®abled;3 Self refresh temperature range (SRT): normal;* CKE: LOW; External
clock: off; CK_t and CK_c: LO\Y; L: see the table above; BL: 8;' AL: 0; CS_n, command, address, bank group
address, bank addre:{j :Vppgs DM_n: stable at 1; Bank activity: SELF REFRESH operation; Output buffer

and Ryy: enabled iﬂ de)egisters;2 ODT signal: midlevel

N4
Ippen Self Refresh Ipp C?ht: Normal Temperature Range
Same conditions as PopgN above

lppse Self Refresh Current: Extended Temperature Range*

Tc: 0-95°C; Auto self refresh (ASR): disabled?; Self refresh temperature range (SRT): extended;* CKE: LOW; External
clock: off; CK_t and CK_c: LOW; CL: see the previous table; BL: 8;" AL: 0; CS_n, command, address, group

bank address, bank address, data I/0: Vppg; DM_n: stable at 1; Bank activity: EXTENDED TEMPERATURE SELF
REFRESH operation; Output buffer and Ry: enabled in mode registers;? ODT signal: midlevel

Ibper Self Refresh Current: Reduced Temperature Range

Tc: 0-45°C; Auto self refresh (ASR): disabled; Self refresh temperature range (SRT): reduced;* CKE: LOW; External
clock: off; CK_t and CK_c: LOW; CL: see the previous table; BL: 8;' AL: 0; CS_n, command, address, bank

group address, bank address, data I/0: Vppg; DM_n: stable at 1; Bank activity: EXSTENDED TEMPERATURE SELF
REFRESH operation; Output buffer and R7: enabled in mode registers;2 ODT signal: midlevel
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TABLE 60: BaAsic Ipp, Ipp, AND Ippg MEASUREMENT CONDITIONS (CONTINUED)
Symbol Description

Ipp7 Operating Bank Interleave Read Current

CKE: HIGH; External clock: on; 'CK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see the previous table; BL: 8; > AL: CL -

1; CS_n: HIGH between ACT and RDA; Command, address, group bank adress, bank address inputs: partially
toggling according to the Ipp; Measurement-Loop Pattern table; Data I/O: read data bursts with different data
between one burst and the next one according to the Ipp; Measurement-Loop Pattern table; DM: stable at 1;
Bank activity: two times interleaved cycling through banks (0, 1, ...7) with different addressing, see the Ipp;
Measurement-Loop Pattern table; Output buffer and Ryy: enabled in mode registers;2 ODT signal: stable at 0;
Pattern details: see the Ipp; Measurement-Loop Pattern table

Ippy Operating Bank Interleave Read Ipp Current
Same conditions as Ipp; above N
lops Maximum Power Down Current ?
Place DRAM in MPSM then CKE: HIGH; External clock: on; 'CK, CL: see the previous tafle; B).: 8;" AL: 0; CS_n:

stable at 1; Command, address, bank group address, bank address inputs: stablgdat SWData 1/0: Vppg; DM_n:
stable at 1; Bank activity: all banks closed; Output buffer and Ryy: Enabled in mod®&egisters; 20DT signal: stable

ato
\J
Notes: 1. Burst length: BL8 fixed by MRS: set M OP00.
2. Output buffer enable: set MR1[12 ut buffer enabled); set MR1[2:1] 00 (Ron =
Rzq/7); Rrr(nom) enable: set MR 11 (RZQ/6); Rrr(wr) enable: set MR2[11:9] 001
(Rzq/2), and Ryy(park) enable: gt 8:6] 000 (disabled).
3. Auto self refresh (ASR): set [6] 0 to disable or MR2[6] 1 to enable feature.
4. Self refresh temperatu (SRT): set MR2[7] 0 for normal or MR2[7] 1 for extended
temperature range.
5. READ burst type@ sequentlal set MRO[3] 0.
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Current Specifications — Patterns and Test Conditions

Current Test Definitions and Patterns

TABLE 61: Ippy AND lppg MEASUREMENT-LOOP PATTERN?

Ul g' = -g ‘\2 ﬂ S ~ —_ =| E a
S 28 | 8 |s|5|S Sz |e|@ |2 |Y|alS|R|T|T
vlgl3 S £ E | LJ|F|E|E|E|alsls|ea|?|l3|lale|a Data3
;| v 2 (- g U | g w w | W|©9|0 g ¥Rl || <
o] " z ] =S| 3| = @ < | Z|<
0 0 ACT | O 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 1 1 1 1 0 0 0 0 0 0 0‘ 0 0 -
3,4 D_n, 1 1 1 1 1 0 3 3 0 0 0 F 0 -
D_n
Repeat pattern 1...4 until nRAS - 1; trtchcessary
y g
nras | PRE | o [ 1 [o 1 ]oflofo|o]olONo|[o]o]o]
Repeat pattern 1...4 until nRCN; ncate if necessary
\d
1 1 x nRC Repeat sub-loop 0, use BG 1&\1% BA[1:0] = 1 instead
2 2 xnRC Repeat sub-loop O, use . > 0, use BA[1:0] = 2 instead
c 3 3xnRC Repeat sub-loop 9 ée%[ :0]1 =1, use BA[1:0] = 3 instead
()]
£ % 4 | 4xnRC Repeat sub-logf se §G[1 :0] =0, use BA[1:0] = 1 instead
S| 2 RC R BGI[1:0] = BA[1:0] = 2 instead
3 § 5 5xn epeat SUM se BG[1:0] = 1, use BA[1:0] = fnstea
6 6 x nRC Repeetss‘ukh}p 0, use BG[1:0] =0, use BA[1:0] = 3 instead
7 7 x nRC Rg) ts)b-loop 0, use BG[1:0] = 1, use BA[1:0] = 0 instead
8 8 xnRC PR & sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 0 instead*
9 9x nRC \( Iypeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 1 instead*
10 | 10x nRC S'Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
11 | 11 xnRC N ?\‘ Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 | 12xnRC Q Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 | 13xnRC O Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 | 14xnRC w Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 15 ) Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 0 instead*
Notes: 1. DQS_t, DQS_c are Vppg.
2. BG1isa"“Don't Care” for x16 devices.
3. DQsignals are Vppg.
4. For x4 and x8 only.
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TABLE 62: |5, MEASUREMENT-LOOP PATTERN!

‘:I g_ - -g “2 ﬂ < ~ — =I E o
X v 9 8 |e|§|< |2 | g|le|lv RS |IR|=m|T
Vg3 S E E |W|E|E|E|2|8|E|c|2|2|5|d|2|8& Data?
SlvY|e o 3 E |V |2 |u|u|ld|O|8 g8 |2 |T|<
S v o 2|13 = ] <|Z <
0 0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3,4 D_n,D_n| 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
Repeat pattern 1..4 until nRCD - AL - 1; truncate if necessary
nRCD - AL RO [of1|1][ofl1]o]ofof[o]o|o][o|o]o]| po=o0oDi=
Repeat pattern 1...4 until nRAS - 1; truncate if necessa FF,
D2=FF,D3=
NRAS PRE o1 Jof1JoJoJoJoJoJol0N®[o]o %
Repeat pattern 1...4 until nRC - 1; truncate iﬂ& D4 = FF, D5 =
00,
D5=00,D7 =FF

1| ixnRcro [ AT Jofofof[1 1ol 1 Q] o]ofo]o]o -

1><ch+1,D,D1ooooo<fa.‘oooooo -
2 ‘

1xnRC+3, |[Dn,Dn| 1|11 ]1 |1 €0 3lololol|7|F]|o -
4 N\

Repeat pattern +§...4 until 1 x nRC + nRAS - 1; truncate if necessary
1

ol < 1 x nRC RD 0 1<Q Tlol 1 ojojo|]oOof|oO]|oO DO=FF,D1=
£|£ +nRCD - AL 00,
§ % Repest rn 1..4 until NRAS - 1; truncate if necessary D2=00,D3 =
To 1% nRC + PRE |oANJo [1 ool 1[1JoJofo]o]o]o Fr
nRAS ; b4 = gg’ D5=
\ at pattern nRC + 1..4 until 2 x nRC - 1; truncate if necessary D5 = FF, |’37 =00
2 2 x nRC /\N g Repeat sub-loop 0, use BG[1:0] = 0, use BA[1:0] = 2 instead
3 3xnRC \) Repeat sub-loop 0, use BG[1:0] = 1, use BA[1:0] = 3 instead
4 4 x nRC v- Repeat sub-loop 0, use BG[1:0] = 0, use BA[1:0] = 1 instead
5 5x nRC g Repeat sub-loop 0, use BG[1:0] = 1, use BA[1:0] = 2 instead
6 6 X nRC Repeat sub-loop 0, use BG[1:0] = 0, use BA[1:0] = 3 instead
7 7 x nRC Repeat sub-loop 0, use BG[1:0] = 1, use BA[1:0] = 0 instead
8 8 x nRC Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 0 instead*
9 9 x nRC Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 1 instead*
10 10 x nRC Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
11 11 X nRC Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 12 x nRC Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 13 X nRC Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 14 x nRC Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 15 x nRC Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 0 instead*
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Notes: 1. DQS_t, DQS_c are Vppq when not toggling.
2. DQsignals are Vppq except when burst sequence drives each DQ signal
by a READ command.

TABLE 63: lpp2n, Iopsns AND lppsp MEASUREMENT-LOOP PATTERN?

o] &l .5 | T |_|<|2|5|% sl dlE|%lelals
5l 3 2 s < 2 g = B|&| g = ||| <
0 0 D 1 0 0 0 0 0 0 0 ?\% 0 0 -
1 | o | oo o|ofofo]o,aNJJo|o]o -
2D_n111110330&}7F0 -
3 Dn |1 |11 ][1]1]0]3]3 ol 7] F o -
1 4-7 Repeat sub-loop 0, use BGRK, vyuse BA[1:0] = 1 instead
2 8-11 Repeat sub-loop 0, us@;}]‘: 0, use BA[1:0] = 2 instead
3 12-15 Repeat sub-loop MH :0] = 1, use BA[1:0] = 3 instead
4 16-19 Repeat sub-leVBGﬂ :0] =0, use BA[1:0] = 1 instead
@ i@ 5 20-23 Repeat s@ , use BG[1:0] = 1, use BA[1:0] = 2 instead
§ o 6 24-27 Repeat % op 0, use BG[1:0] = 0, use BA[1:0] = 3 instead
= § 7 28-31 Fj ea ubtloop 0, use BG[1:0] = 1, use BA[1:0] = 0 instead
8 32-35 §Ysub-loop 0, use BG[1:0] = 2, use BA[1:0] = 0 instead*
9 | 36-39 ( PMeat sub-loop 0, use BGI1:0] = 3, use BA[1:0] = 1 instead*
10 40-43 AVRepeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
1 44-47 . \ Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 48-51 \A?\ Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 52-55 (\ Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 56-59 V Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 60-63 ?\ Repeat sub-loop 0, use BG[1:0] = 3, use BA[1:0] = 0 instead*
Notes: 1. DQS_t, DQS_care Vppq.
2. DQsignals are Vppq.
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TABLE 64: Ippont AND Ippgont MEASUREMENT-LOOP PATTERN!

Slolgl os |3l BlEl2 |5lalalElelalnls
Vg2 2t | E |a|5|E|E|E|EB|E|c|g8|2 5|88 || o
JITIE] 92 | 8|V sla|g|g|°|8|F|g|E|F|T|T|=
U v v € |0 |3 <z
0 0 D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
2 D_n 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
3 D_n 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
1 4-7 Repeat sub-loop 0 with ODT = 1, use BG[1:0] = 1, use BAﬂ :0] = 1 instead
2 8-11 Repeat sub-loop 0 with ODT =0, use BG[1:0] =0, use@m =2 instead
3 12-15 Repeat sub-loop 0 with ODT = 1, use BG[1:0] = 1,@ :0] = 3 instead
o | < 4 16-19 Repeat sub-loop 0 with ODT =0, use BG[1 :(')KNMAH :0] =1 instead
(_Em :E 5 20-23 Repeat sub-loop 0 with ODT = 1, use BGw% use BA[1:0] = 2 instead
é” é 6 24-27 Repeat sub-loop 0 with ODT =0, use ﬁ ] =0, use BA[1:0] = 3 instead
7 28-31 Repeat sub-loop 0 with ODT =HN[}:O] =1, use BA[1:0] = 0 instead
8 32-35 Repeat sub-loop 0 with ODT :WGH :0] = 2, use BA[1:0] = 0 instead”
9 36-39 Repeat sub-loop 0 withp(: ,ase BGI[1:0] = 3, use BA[1:0] = 1 instead*
10 40-43 Repeat sub-loop 0 \/\(@Tvzo use BG[1:0] = 2, use BA[1:0] = 2 instead*
1 44-47 Repeat sub—loo&W’)T =1, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 48-51 Repeat subﬂp&l}h ODT =0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 52-55 Repeat}u&@ 0 with ODT = 1, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 56-59 Regﬁvaop 0 with ODT = 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 60-63 %@Lﬁ)—loop 0 with ODT = 1, use BG[1:0] = 3, use BA[1:0] = 0 instead*
Notes: 1. D S_care Vssq.
2. %i nals are Vgsq.
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TABLE 65: Ippsr AND lpposr MEASUREMENT-LOOP PATTERN?

o g 5 2 el s sl _|=|%|a
x v ¢ & s | < | < | 2 el |||l x|lmls
UI¥|3| 3% E |lalE|l5 5|38 |c|e|2|5|&8|8|& Data’
|8 |a| S5 E 8|8 u|lu|ag|O|8|S|S|R|2|2|2|5
S o | @& | = =
S v = S FRINERIE <|Z|<
0 0 RD 0 1 1 0 1 0 0 0 0 0 0 0 0 D0=00,D1=
1 D 1lo|loflo]o]|o olo|o|o]o FF,
2=FF,D3=
2,3 D_n, 1 1 1 1 1 0 0 0 7 0 D D3
D n 00,
- D4 =FF,D5=
00,
D5=00,D7 =
FF
1 4 RD 0 1 1 0 1 0 1 1 9 M/ 7 F 0 | DO=FF,D1=
5 D |1 ]ojofofofo|o]o]opN 0| o0 o| D2=00D3=
FF
6,7 D_n, 1 1 1 1 1 0 0 7 0
5 : 33 D4 =00, D5 =
- FF
D5 =FF,D7 =00
oy E, 2 8-11 Repeat sub-loop m [1:0]1 =0, use BA[1:0] = 2 instead
EXRE 12-15 BG[1:0] = 1, use BA[1:0] = 3 instead
e84 16-19 , use BG[1:0] = 0, use BA[1:0] = 1 instead
5 20-23 Repeat% op 1, use BG[1:0] = 1, use BA[1:0] = 2 instead
6 24-27 Rgbea ubv—loop 0, use BG[1:0] =0, use BA[1:0] = 3 instead
7 28-31 p‘Msub-loop 1, use BG[1:0] = 1, use BA[1:0] = 0 instead
8 32-35 (. eat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 0 instead*
9 36-39 " Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 1 instead*
10 40-43 Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
11 44-47 -~ Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 48-51 ('\ . Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 52-55 1S~V Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 2 instead *
14 56-59 ‘ Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 60-63 Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 0 instead *
Notes: 1. DQS_t, DQS_c are Vppq when not toggling.
2. Burst sequence driven on each DQ signal by a READ command. Outside burst operation,
. DQsignals are Vppq.
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TABLE 66: Ipp,ww MEASUREMENT-LOOP PATTERN?

g 5 T = | = Slglol | &
Uole 8] € RSP Ea Sl || HS 5T :
<5 S|2| SE |sE|8|S WSS |G| |aEE|g g Data
v < w a = Sl | < | <
a z = S | = @ ®IZl | <
0 0 WR 0 1 1 0 1 0 0 0|0 0|0 0 0 | D0O=00,D1=FF,
1 D [1]o0]0O 01 1]o0 olo]o o | o | D2=FF,D3=00,
D4 =FF, D5 =00
2,3 D_n, 1 1 1 1 0 1 ! !
" ojpojo D5 =00, D7 = FF
D_n
1 4 WR 0 1 0 1 1 1 0 7 F 0 DO=FF,D1=
5 D |1]ofofojo|1]|ofo|o|o|o]|q]|o]|o]|D2=00D3=FF
D4 =00,D5=FF
6,7 D_n, 1 1 1 1 0 1 3 3 0 0 0 v\rF 0 D5 = FF, D7 = 00
D_n \
2 8-11 Repeat sub-loop 0, use BG[1:0] =0, uyBN ¥= 2 instead
ol| 5| 3 12-15 Repeat sub-loop 1, use BG[1:0] = se [T:O] = 3instead
c =
—é 5 4 16-19 Repeat sub-loop 0, use BG[1 :O]R ¢ s€ BA[1:0] = 1 instead
s g 5 20-23 Repeat sub-loop 1, use B‘G‘LQ‘A} use BA[1:0] = 2 instead
6 24-27 Repeat sub-loop 0, uigﬂ =0, use BA[1:0] = 3 instead
7 28-31 Repeat sub- Ioop 1,{se BG[1:0] = 1, use BA[1:0] = 0 instead
8 32-35 Repeat sub-lo, @se BGI[1:0] = 2, use BA[1:0] = 0 instead*
9 36-39 Repeat su ,use BG[1:0] = 3, use BA[1:0] = 1 instead*
10 40-43 Repeat su\}p 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
1 44-47 F\’} t shb-loop 1, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 48-51 o NPT sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
N
13 52-55 \&'}peat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 56-59 S Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 60-63 N ?\‘ Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 0 instead*
Notes: \é_t, DQS_c are Vppq when not toggling.
urst sequence driven on each DQ signal by WRITE command. Outside burst operation,
?\ DQ signals are Vppgq.
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TABLE 67: lppswc. MEASUREMENT-LOOP PATTERN?

‘:I Q - ° 1‘2 -u—‘ S —_ < E -8
S lwl(8| 28 | 8 |s|58|2|2(2|c|% |8 |¢|a|S|R|T|T .
21813 8% | £ vl olola|8|g |82 |E|g|g|E| o
| < (V| V| w s | = | NS || < | <
S 3 = |8 2|5 |3 “ < | Z|<
0 0 WR 0 1 1 0 1 0 0 0 0 0 0 0 | D0O=00,D1=FF,
1,2 DD | 1]|0]0]0O 110 olo D2 =FF, D3 =00,
D4 =FF,D5=00
3,4 D_n, 1 1 1 1 0 1 3 3 ' !
_n 0 7 F 0 D8 = CRC
D_n
1 5 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0 | DO=FF,D1=00,
6,7 bp|1]|ofofo|o|1|[0o]o0o]|o0|0]|oO 10; 0 | o |D2=00D3=FF,
D4 =00, D5 =FF,
8,9 B_:, 1 1 1 1 0 1 3 3 0 0 ‘ C) F 0 D5 = FF, D7 = 00
- PAN D8 = CRC
2 10-14 Repeat sub-loop 0, use BG[1:0] = Q&e\\ﬂ :0] = 2 instead
o "51 3 15-19 Repeat sub-loop 1, use BG[1:00 1¥0se BA[1:0] = 3 instead
_g i; 4 20-24 Repeat sub-loop 0, use Bﬁk@(}, use BA[1:0] = 1 instead
= § 5 25-29 Repeat sub-loop 1, usew =1, use BA[1:0] = 2 instead
6 30-34 Repeat sub—loopw,Qse T1 :0] =0, use BA[1:0] = 3 instead
7 35-39 Repeat sub-quzBGH :0] =1, use BA[1:0] = 0 instead
8 40-44 Repeat s‘@&ruse BG[1:0] = 2, use BA[1:0] = 0 instead*
9 45-49 Repwum‘op 1, use BG[1:0] = 3, use BA[1:0] = 1 instead*
10 50-54 t shib-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead*
R oo
11 55-59 o~ t sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 3 instead*
12 | 60-64 \kyepeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead*
13 65-69 S Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 2 instead*
14 70-74 L\ V‘ Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead*
15 75-79 } Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 0 instead*
Note WPattern provided for reference only.
2. DQS_t, DQS_c are Vppq when not toggling.
3. Burst sequence driven on each DQ signal by WRITE command. Outside burst operation,
DQ signals are Vppq-
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TABLE 68: lppss MEASUREMENT-LOOP PATTERN?

STACKED Technologies Incorporated

QS t DQS care VDDQ'

Noteg Q _t, _
Vk DQ signals are

www.stackedtechnologies.com

VDDQ'

92

S8l o5 | B lolelBlElE |5leldlElelalals
‘:’;gz g'g ESIU'ElElElgéEEEE‘ggE‘ Data3
5| 3 e S < 2 g ; 2| & | g = S| |<|<
0 REF 0 1 0 0 1 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 D_n 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
4 Dnil 1|1 |1 |1 |[1]0|3]3]0]0]O FloO -
5-8 Repeat pattern 1...4, use BG[1:0] = 1, use BA[]@Alnstead
9-12 Repeat pattern 1...4, use BG[1:0] = 0, use ﬁﬂ 2 instead
13-16 Repeat pattern 1...4, use BG[1:0] = 1‘5%)] 3instead
17-20 Repeat pattern 1..4, use BG[1:0] NthBAH :0] = 1 instead
_E‘ E\ 21-24 Repeat pattern 1..4, use BG[1&¥?se BA[1:0] = 2 instead
§ % 25-28 Repeat pattern 1..4, use m 0, use BA[1:0] = 3 instead
L 29-32 Repeat pattern 1. O =1, use BA[1:0] =0 instead
33-36 Repeat pattern J,. @ BG[1:0] = 2, use BA[1:0] = 0 instead*
37-40 Repeat patt%W.A, use BG[1:0] = 3, use BA[1:0] = 1 instead*
41-44 Repeat K@:“’ use BG[1:0] = 2, use BA[1:0] = 2 instead*
45-48 Repgag paMe™n 1..4, use BG[1:0] = 3, use BA[1:0] = 3 instead*
49-52 atpattern 1..4, use BG[1:0] = 2, use BA[1:0] = 1 instead*
53-56 P )E&aviattern 1..4, use BG[1:0] = 3, use BA[1:0] = 2 instead*
57-60 \ngeat pattern 1..4, use BG[1:0] = 2, use BA[1:0] = 3 instead*
61-64 . Repeat pattern 1...4, use BG[1:0] = 3, use BA[1:0] = 0 instead*
2 | 65..nRFC- ?\‘ Repeat sub-loop 1; truncate if necessary
1 \Xv
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TABLE 69: lpp; MEASUREMENT-LOOP PATTERN?

< g g £ ¢ |5 |%|2 Sla|g| 5|
o 2 i) © c ~ ~ s = 9 O Y ~ ":‘ ;‘ 8
Vg3 vt E lw|E5|S|S|2|a|2|=|2 (2|3 |&|8|K&| pata®
z'u'g o 3 gu;’mmmlouggn‘:iii
V) @ o =S| @ < | Z|<
0 0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 RDA 0 1 1 0 1 0 0 0 0 0 1 0 0 0
2 D 1 ojoloOjJO|jO|O|]O|]O|O|]O]O]O]|O -
3 D_n 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
Repeat pattern 2...3 until nRRD - 1, if nRRD > 4. Truncate if necessary
1 nRRD ACT 0 0 0 0 0 0 1 1 0 % 0 0 0 -
NRRD+1 oA [ o[ 1 |1 lol1flol 1] 1] of A1 ]|0]0]o0
Repeat pattern 2...3 until 2 x nRRD - 1W Truncate if necessary
2 2 x nRRD Repeat sub-loop 0, use BG[1@EO, se BA[1:0] = 2 instead
3 3x nRRD Repeat sub-loop 1, use BC“¥‘1 use BA[1:0] = 3 instead
4 4 x nRRD Repeat pattern 2...3 until nFA»kN#AW > 4 x nRRD. Truncate if necessary
5 nFAW Repeat sub-loop M‘DG‘H :0] =0, use BA[1:0] = 1 instead
6 nFAW + nRRD Repeat subjo 1, s‘e BG[1:0] = 1, use BA[1:0] = 2 instead
ol| 5| 7 nFAW + 2 x nRRD Repeat 5{%5 use BG[1:0] =0, use BA[1:0] = 3 instead
2|8
= T N .
8 FAW + 3 x nRRD R 1, BG[1:0]1=1, BA[1:0] = 0 instead
% o n n ep&&:&oop use BG[1:0] use BA[1:0] instea
©
&9 nFAW + 4 x nRRD o~ N\ Repeat sub-loop 4
10 2 x nFAW /%z)eat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 0 instead
11 2 x nFAW + nRRD ’w;peat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 1 instead
12 2 X nFAW + 2 x U Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 2 instead
nRRD
13 2 X nFAW + 3 x S Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 3 instead
nRRD \
14 2 X nFAW + 4, Repeat sub-loop 4
nRRD
15 3x nFA?‘ Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 1 instead
16 3 x nFAW + nRRD Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 2 instead
17 3 X nFAW + 2 x Repeat sub-loop 0, use BG[1:0] = 2, use BA[1:0] = 3 instead
nRRD
18 3 X nFAW + 3 x Repeat sub-loop 1, use BG[1:0] = 3, use BA[1:0] = 0 instead
nRRD
19 3 X nFAW + 4 x Repeat sub-loop 4
nRRD
20 4 x nFAW Repeat pattern 2...3 until nRC - 1, if nRC > 4 x nFAW. Truncate if necessary
Notes: 1. DQS_t, DQS_c are Vppg.
2. DQsignals are Vppq except when burst sequence drives each DQ signal
by a READ command.
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Ipp Specifications

TABLE 70: TIMINGS USED FOR Ipp, Ipp, AND Ippo MEASUREMENT-LOOP PATTERNS

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-3200
IR REEE
Sl |Q|d]a g | d|alelh e |t s 3 S &Iy
Symbol EI :l ﬁl 'i' ﬂl EI 3' ﬂl ‘.‘l-’ ﬂl ‘é ':I ':I °—b i‘ 2 ﬁl ﬁl t
tcK 125 1.071 0.937 0.833 0.75 0.625 ns
L o122l a]is6]15]16]17]17]18K19]20]22]2 | cx
cwL o [ ||l n2]n]sla]12]16]16] 14 8 | 16 | 20 | 20 | ck
nRCD o1 1212131141516 15]16]17 ‘1“'\1} 19 [ 20 22| 24 | cx
nRC 38 | 39 |40 [ 44 | 45 [ 46 | 50 | 51 [ 52 | 54|55 |57 ANQ 61 |62 | 72|74 76| K
nRP w0 [ 2|23 a s [ 161516 [ aXPe7 18] 1920 ] 2] 24|«
NRAS 28 32 36 3 \ 43 52 K
nFAW | x4' 16 16 16 @‘ 16 16 K
x8 20 22 23 O\ 28 34 CK
x16 28 28 32 F \/ 36 40 48 K
nRRD__ | x4 4 4 4 4 4 4 K
S | xs 4 4 4N 4 4 4 K
x16 5 5 e 7 7 9 K
nRRD_ | x4 5 5 Y 6 7 8 K
L [xs 5 5 VY s 6 7 8 K
x16 6 6 o ;-’ 7 8 9 1 K
nCCD_S 4 ?‘ 4 4 4 4 K
nCCD_L 5 <\ 6 6 7 8 K
NWTR_S 2 O 3 3 4 4 K
nWTR_L 6 SV 7 8 9 10 12 K
nRFC 2Gb 128 150 171 193 214 256 K
NRFC 4Gb 208 243 278 313 347 416 K
nRFC 8Gb 280 327 374 421 467 560 K
NRFC 16Gb 440 514 587 660 733 880 K
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Current Specifications — Limits
TABLE 71: Ipp, Ipp, AND Ippo CURRENT LIMITS
Symbol DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 Unit
Ippo: One bank ACTIVATE-to-PRE- mA
CHARGE current 264 264 272 280 mA
Ippo: One bank ACTIVATE-to-PRECHARGE mA
Ipp current 18.4 18.4 18.4 18.4 mA
Ipp1: One bank ACTIVATE-to-READ-to- mA
PRECHARGE current 312 312 320 326 mA
Ippan : Precharge standby current 176 176 184 200 mA
Ippant : Precharge standby ODT current mA
240 240 ZQ 276 mA
Ipp2p : Precharge power-down current 120 120 NS 128 mA
Ipp2q: Precharge quiet standby current 156 156 Al\% 164 mA
Ippsn: Active standby current 244 244 “ N 252 268 mA
Ippsn: Active standby Ipp current 12 12 “ 12 12 mA
Ippsp: Active power-down current 176 AN‘ 176 176 mA
Ippag: Burst read current mA
800 f)ﬁ 860 920 mA
Ippaw : Burst write current Y o mA
2 984 1104 1256 mA
Ippsg : Burst refresh current (1X REF) \‘ mA
y. Qmo 760 760 768 mA
Ippsg: Burst refresh Ipp current (1X REF) Y'/v mA
\C} 88 88 88 88 mA
Ippen: Self refresh current; 0-85°C’ o S 80 80 80 80 mA
Ippee: Self refresh current; 0-95°C2 A V“‘ 108 108 108 108 mA
Ipper: Self refresh current; 0-45C3 4,\ ﬂ ’ 40 40 40 40 mA
Ippea: Auto self refresh currenﬂZ&)o 36 36 36 36 mA
Ippea: Auto self refresh current?iy‘ 40 40 40 40 mA
Ippea: Auto self refresh current (75°C)* 64 64 64 64 mA
Ipp7: Bank interleave read current mA
920 920 960 1000 mA
Ipp7: Bank interleave read Ipp current mA
48 48 56 64 mA
Ipps : Maximum power-down current 72 72 72 72 mA

Notes: 1.

range of operation (0-85°C).
2. Applicable for MR2 settings A7 = 1 and A7 = 0; manual mode with extended temperature
range of operation (0-95°C).

STACKED Technologies Incorporated www.stackedtechnologies.com
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3. Applicable for MR2 settings A7 = 0 and A7 = 1; manual mode with reduced temperature
range of operation (0-45°C).

4. |DD6R and IDD6A values are typical.

5. When additive latency is enabled for Ippg, current changes by approximately 0%.

6. When additive latency is enabled for Ipp , current changes by approximately +4%.

7. When additive latency is enabled for Ipp,y , current changes by approximately +0.6%.

8. When DLL is disabled for Ipp,n, current changes by approximately 0%.

9. When CAL is enabled for Ippyn, current changes by approximately —44%.
10. When gear-down is enabled for Ipp,y, current changes by approximately 0%.
11. When CA parity is enabled for Ippyy, current changes by approximately +14%.
12. When additive latency is enabled for Ipp3y, current changes by approximately +0.6%.
13. When additive latency is enabled for Ippgg, current changes by approximately +5%.
14. When read DBl is enabled for Ippgg, current changes by apggoximately 0%.
15. When read DBl is enabled for Ippqgg, current changes b\%ximately -35%.
16. When additive latency is enabled for Ippgyy, current c@ by approximately +1%.
17. When write DBI is enabled for Ippaw, current c w’/approximately 0%.

es’ by

18. When write CRCis enabled for Ippay, current cha approximately
-8% (2133/2400), -5% (1600/1866).

19. When CA parity is enabled for Ippayy, curre ?a:ges by approximately +8%.

20. When 2X REF is enabled for Ippsg, cu nges by approximately —14%.

21. When 4X REF is enabled for Ippsg, € changes by approximately -33%.

22. lppg test and limit is applicable fq nd Ippq conditions.

TABLE 72: Ipp, Ipp, AND Ippg CURRENT ! 17iITS DDR4-2666 THROUGH DDR4-3200

Symbol \ v DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 | Unit

Ibo : One bank ACTIVATE-to-PREC v
current - 240 260 260 280 mA
Ippo: One bank ACTIVATE-to-P RGE
Ipp current 144 14.4 14.4 144 mA
Ipp1: One bank ACTIVATE-to-READ-to-
PRECHARGE current 280 300 300 320 mA
Ippan: Precharge standby current 160 168 180 200 mA
Ippant: Precharge standby ODT current

220 240 240 280 mA
Ipp2p: Precharge power-down current 108 108 116 136 mA
Ipp2q : Precharge quiet standby current 140 140 148 160 mA
Ippsn: Active standby current 220 220 240 260 mA
Ippan : Active standby Ipp current 12 12 12 12 mA
Ippsp: Active power-down current 160 160 160 160 mA
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TABLE 72: Ipp, Ipp, AND Ippo CURRENT LIMITS (CONTINUED)

Symbol DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 | Unit
Ippag: Burst read current
720 780 820 900 mA
Ippaw: Burst write current
880 1000 1140 1240 mA
Ippsg: Burst refresh current (1X REF)
680 680 700 700 mA
Ippsg: Burst refresh IPPggurrent (1X REF)
100 100 @ 100 mA
Ippen: Self refresh current; 0-85°C’ 72 72 \\72 72 mA
Ippee: Self refresh current; 0-95°C2 96 96 \\ 96 96 mA
Ipper: Self refresh current; 0-45C3 4 48 4%( - 48 48 mA
Ippea: Auto self refresh current (25°C) 4 36 &6Y~ 36 36 mA
Ippea: Auto self refresh current (45°C)* 48 -~ & 48 48 mA
lppea: Auto self refresh current (75°C)% 72 ‘%‘72 72 72 mA
Ipp7: Bank interleave read current O M
860 900 940 mA
Ipp7: Bank interleave read Ipp current @‘
56 64 64 mA
Ippg : Maximum power-down current s ) 52 64 64 64 mA

Notes: 1. Applicable for settings A7 = 0 and A6 = 0; manual mode with normal temperature

on (0-85°Q).
r MR2 settings A7 = 1 and A7 = 0; manual mode with extended temperature
peration (0-95°C).

ra
3. li
amde of operation (0-45°C).

ble for MR2 settings A7 = 0 and A7 = 1; manual mode with reduced temperature
D6R and IDD6A values are typical.

» \When additive latency is enabled for Ippg, current changes by approximately 0%.
6. When additive latency is enabled for ppq , current changes by approximately +4%.
7. When additive latency is enabled for Ipp,y , current changes by approximately +0.6%.
8. When DLL is disabled for Ipp;y, current changes by approximately 0%.
9. When CAL is enabled for Ipp,y, current changes by approximately —44%.
10. When gear-down is enabled for Ipp,y, current changes by approximately 0%.
11. When CA parity is enabled for Ipp,y, current changes by approximately +14%.
12. When additive latency is enabled for Ipp3y, current changes by approximately +0.6%.
13. When additive latency is enabled for Ippgg, current changes by approximately +5%.
14. When read DBl is enabled for Ippgg, current changes by approximately 0%.
15. When read DBl is enabled for Ippqag, current changes by approximately — 35%.
16. When additive latency is enabled for Ippay, current changes by approximately +1% (x16).
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ST9D4512M40DBGO

Current Specifications — Limits

17. When write DBl is enabled for Ippayy, current changes by approximately 0%.

18. When write CRC is enabled for Ippay, current changes by approximately
—-8% (2133/2400), -5% (1600/1866).

19. When CA parity is enabled for Ippaw, current changes by approximately +8%

20. When 2X REF is enabled for Ippsg, current changes by approximately —14%.

21. When 4X REF is enabled for Ippsg, current changes by approximately -33%.

22. IPPO test and limit is applicable for Ippg and Ipp1 conditions.

23. IPP3N test and limit is applicable for all Ipp>y, Ipp3x Ippax Ipps, @nd Ippg conditions; that
is, testing lppzy should satisfy the Ipps for the noted Ipp tests.
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Speed Bin Tables

TABLE 73: DDR4-1600 SPEED BINS AND OPERATING CONDITIONS

DDR4-1600 Speed Bin -125
CL-nRCD-nRP 12-12-12
Parameter Symbol Min Max Unit
Internal READ command to first data tAA 15.00 18.00 ns
Internal READ command to first data 'AA_DBI - tAA ns
with read DBI enabled (MAX) +
2nCK
ACTIVATE to internal READ or WRITE tRCD 15.00 - ns
delay time
PRECHARGE command period RP N 15.00 - ns
ACTIVATE-to-PRECHARGE command tRAS § = 35 9 x 'REFI ns
period N
N’
ACTIVATE-to-ACTIVATE or REFRESH tRC &\ 'RAS + - ns
command period tRP
CL=9 CL=11 CWL=9 tCK4 Reserved ns
cL=10 cL=12 CWL=9 tcK4 () 15 | 16 ns
CL=10 cL=12 CWL=9,11 tCK4 ‘<< ~ Reserved ns
CL=11 CL=13 CWL=9, 11 tCK4 R Reserved ns
CL=12 CL=14 CWL=9,11 tcK NY 125 | <15 | ns
V__
Supported CL settings py Qv) 10,12 nCK
Supported CL settings with read DBI 12,14 nCK
Supported CWL settings ‘( ) 9,11 nCK
Notes: Speed BN le is only valid with DLL enabled and gear-down mode disabled.

aMt 1 clock greater than the lowest CWL setting supported in the applicable tCK

1.
2. W rating in 2tCK WRITE preamble mode, CWL must be programmed to a value
t
e.

> {CK(AVG) MIN.

s e programmed value of CWL must be less than or equal to programmed value of CL.
5. The DRAM supports 13.5ns with CL9 operation at defined clock rates.
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TABLE 74: DDR4-1866 SPEED BINS AND OPERATING CONDITIONS

DDR4-1866 Speed Bin -107
CL-nRCD-nRP 14-14-14
Parameter Symbol Min Max Unit
Internal READ command to first data tAA 15.00 18.00 ns
Internal READ command to first data tAA_DBI TAA - ns
with read DBI enabled (MIN) +

2nCK
ACTIVATE to internal READ or WRITE fRCD 15.00 - ns
delay time
PRECHARGE command period ‘RP \, 1500 - ns
ACTIVATE-to-PRECHARGE command tRAS § = 3y 9 x 'REFI ns
period ‘ ,

NN

ACTIVATE-to-ACTIVATE or REFRESH tRC &\ tRAS + - ns
command period ‘RP

CL=9 CL=11 CWL=9 tCKe Reserved ns
_ — — 6

cL=10 |cL=12 CWL=9 tcK () E ns

=10 |cL=12 CWL=11 tCKS ‘<< ~ Reserved ns
— — — t 6

=1 |cL=13 CWL=9,11 K =N Reserved ns

CL=12 |CL=14 CWL=9,11 tCK® N\ 125 | <15 | ns

CL=12 |CL=14 CWL=10,12 ke L&) Reserved ns

cL=13 |cL=15 CWL =10, 12 G P Reserved ns

o~ 1
CL=14 |CL=16 CWL=10,12 ' 1071 | <125 ns
Supported CL settings S' 10,12,14 nCK
- X N
Supported CL settings with read DBI N v 12,14,16 nCK
Supported CWL settings Q \) 9-12 nCK

STACKED Technologies Incorporated

Notes;

%
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eed Bin table is only valid with DLL enabled and gear-down mode disabled.
When operating in 2tCK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable *CK
range.
The programmed value of CWL must be less than or equal to programmed value of CL.
12.85ns is the minimum value of tAA and tRP when operating at DDR4-1866 at 'CK(AVG)
MIN = 1.071ns and is only a reference that does not consider the down binning strategy
that 12.5ns supports.
13.92ns is the minimum value of tAA and 'RP when operating at DDR4-1866 at 'CK(AVG)
MIN = 1.071ns and is only a reference that does not consider the down binning strategy
that 13.75ns supports.
tCK(AVG) MIN.
The DRAM supports 13.5ns with CL9 operation and 13.75ns with CL11 operation at de-
fined clock rates.
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TABLE 75: DDR4-2133 SPEED BINS AND OPERATING CONDITIONS
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DDR4-2133 Speed Bin -093

CL-nRCD-nRP 16-16-16

Parameter Symbol Min Max Unit
Internal READ command to first data tAA 15.00 18 ns
Internal READ command to first data 'AA_DBI TAA(MIN) - ns
with read DBI enabled +3nCK

ACTIVATE to internal READ or WRITE ‘RCD 15.00 - ns
delay time

PRECHARGE command period RP 15.00 - ns
ACTIVATE-to-PRECHARGE command RAS ; 33 9 x 'REFI ns
period PN

ACTIVATE-to-ACTIVATE or REFRESH tRC U tRAS + - ns
command period \ 'RP

CL=9 CL=11 CWL=9 tCcK4 PN Reserved ns
CL=10 CL=12 |CWL=9 tcK4 N EEE

cL=11 CL=13 |CWL=9,11 tcK# L0 ) Reserved ns
cL=12 CL=14 |CWL=9,11 tcK4 < 125 | <15 ns
cL=13 CL=15 |CWL=10,12 tcK# el Reserved ns
CL=14 CL=16 |CWL=10,12 tcK4 ~ 1071 | <125 ns
CL=14 CL=17 |CWL=11,14 tcK4 ‘¢X) Reserved ns
CL=15 CL=18 CWL=11, 14 tCK;..‘(/v Reserved ns
CL=16 cL=19 |cwL=11,14 tq&_} . 0937 | <1071 | ns
Supported CL settings ~$ 10,12,14,16 nCK
Supported CL settings with read DBI L\ V“‘ 12,14,16,19 nCK
Supported CWL settings “ M 9,10,11,12, 14 nCK

Note peed Bin table is only valid with DLL enabled and gear-down mode disabled.
QE When operating in 2'CK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable 'CK

range.
The programmed value of CWL must be less than or equal to programmed value of CL.

w

4. CK(AVG) MIN.
5. The DRAM supports 13.5ns with CL9 operation and 13.75ns with CL11 operation 13.92ns

with CL13 operation at defined clock rates.

6. If the clock period is less than 0.938ns and greater than or equal to 0.937ns, timing pa-
rameters that are derived off the clock will use 0.938ns as its reference. For example, if
tCK (MIN) = 0.938ns and 'RP = 14.06ns, then RP would require 15nCKs (14.06ns/

0.938ns), but if tCK (MIN) = 0.937ns and 'RP = 14.06ns, then RP would still require

15nCKs (14.06ns/ 0.938ns) and not 16nCKs (14.06ns/ 0.937ns).

STACKED Technologies Incorporated
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TABLE 76: DDR4-2400 SPEED BINS AND OPERATING CONDITIONS
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DDR4-2400 Speed Bin -083

CL-nRCD-nRP

Parameter Symbol Min Max Unit
Internal READ command to first data tAA 14.16 18.00 ns
Internal READ command to first data tAA_DBI tAA(MIN) - ns
with read DBl enabled +3nCK

ACTIVATE to internal READ or WRITE tRCD 14.16 - ns
delay time

PRECHARGE command period tRP 14.16 - ns
ACTIVATE-to-PRECHARGE command tRAS ; 32 9 x 'REFI ns
period N

ACTIVATE-to-ACTIVATE or REFRESH tRC U 'RAS + - ns
command period \ ‘RP

CL=9 CL=11 CWL=9 tcK4 /\ Reserved ns
cL=10 |cL=12 CWL=9 tcK N 15 16 ns
CL=10 CL=12 CWL=9,11 tcK4 ys ( , M Reserved ns
cL=11 |cL=13 CWL=9,11 tcK4 < 1.25 <15 ns
CL=12 |CL=14 CWL=9,11 teK \§' 125 <15 ns
cL=12 |cL=14 CWL=10, 12 tcK4 PR Reserved ns
cL=13 |cL=15 CWL =10, 12 tcK# /X) 1.071 <1.25 ns
CL=14 |CcL=16 CWL=10, 12 (Kim N/ 1.071 <125 | ns
CL=14 |CL=17 CWL=11,14 tq&J . Reserved ns
CL=15 CL=18 CWL=11,14 0.937 <1.071 ns
CL=16 CL=19 CWL=11,14\ ‘K4 0.937 <1.071 ns
cL=15 |cL=18 cwL= 12|’ tck? Reserved ns
CL=16 CL=19 CWi&,)S tcK4 Reserved ns
CL=17 CL=20 C 71 6 tcK4 0.833 <0.937 ns
CL=18 CL=21 CWL‘= 12,16 tcK4 0.833 <0.937 ns
Supported CL Settings 10-18 nCK
Supported CL settings with read DBI 12-16, 18-21 nCK
Supported CWL settings 9,10,11,12,14,16 nCK

Notes: 1.

STACKED Technologies Incorporated

Speed Bin table is only valid with DLL enabled and gear-down mode disabled.

2. When operating in 2tCK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable *CK
range.

w

4. 'CK(AVG) MIN.

5. If the clock period is less than 0.938ns and greater than or equal to 0.937ns, timing pa-
rameters that are derived off the clock will use 0.938ns as its reference. For example, if
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tCK (MIN) = 0.938ns and 'RP = 14.06ns, then RP would require 15nCKs (14.06ns/
0.938ns), but if tCK (MIN) = 0.937ns and 'RP = 14.06ns, then RP would still require
15nCKs (14.06ns/ 0.938ns) and not 16nCKs (14.06ns/ 0.937ns).

TABLE 77: DDR4-2666 SPEED BINS AND OPERATING CONDITIONS

DDR4-2666 Speed Bin -075

CL-nRCD-nRP 19-19-19

Parameter Symbol Min Max Unit
Internal READ command to first data tAA 14.25° 18.00 ns
Internal READ command to first data tAA_DBI YAA(MIN) - ns
with read DBI enabled + 3nCK

ACTIVATE to internal READ or WRITE tRCD \; 14.16 - ns
delay time /\t

PRECHARGE command period tRP N\ 14.16 - ns
ACTIVATE-to-PRECHARGE command tRAS &\ 32 9 x 'REFI ns
period b~

ACTIVATE-to-ACTIVATE or REFRESH tRC \ tRAS + - ns
command period RP

CL=9 CL=11 CWL=9 tcKk4 N\ Reserved ns
_ _ _ terd g
cL=10 |cL=12 CWL=9 K \$ | ns
cL=10 |cL=12 CWL=9,11 Kt | B Reserved ns
cL=1 |cL=13 CWL=9,11 (Kt \v) Reserved ns
=12 |cL=14 CWL=9,11 (CK | ns
=12 |cL=14 CWL=10,12 UM Reserved ns
cL=13 |cL=15 CWL=10,12 @ ns
CL=14 |cL=16 CWL=10, 12 K4 ns
CL=14 CL=17 CWL = ¥ otcks Reserved ns

11%)
CL=15 |cL=18 CWL—ﬁﬁl tcK4 ns
CL=16 |cL=19 C\/\Dﬂ,m teK4 ns

cL=15 |cL=18 cwL¥: 12,16 tcK# Reserved ns
CL=16 CL=19 CWL=12,16 tCcK4 Reserved ns
CL=17 |CL=20 CWL=12,16 tck4 ns
CL=18 |CL=21 CWL=12,16 tck4 ns
CL=17 |CL=20 CWL=14,18 tck4 Reserved ns
CL=18 CL=21 CWL=14,18 tcK4 Reserved ns
CL=19 |CL=22 CWL=14,18 tck4 ns
CL=20 |CL=23 CWL=14,18 tck4 ns
Supported CL settings 10,12--20 nCK
Supported CL settings with read DBI 12,14--16, 18--23 nCK
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TABLE 77: DDR4-2666 SPEED BINS AND OPERATING CONDITIONS (CONTINUED)
DDR4-2666 Speed Bin -075
CL-nRCD-nRP 19-19-19
Parameter | Symbol Min | Max Unit
Supported CWL settings 9,10,11,12,14, 16, nCK
18

Notes: 1. Speed Bin table is only valid with DLL enabled and gear-down mode disabled.
2. When operating in 2tCK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable 'CK
range.

4. *CK(AVG) MIN.

3. The programmed value of CWL must be less than or equal§ programmed value of CL.

5. The DRAM supports 13.92ns with CL13 operation, 1
14.16ns with CL17 operation at defined clock

6. If the clock period is less than 0.938ns and grea@v or equal to 0.937ns, timing pa-
rameters that are derived off the clock will u 938ns as its reference. For example, if
tCK (MIN) = 0.938ns and 'RP = 14.06ns, th %

0.938ns), but if tCK (MIN) = 0.937ns an

15nCKs (14.06ns/ 0.938ns) and not 0,

ith CL15 operation, and

ould require 15nCKs (14.06ns/

4.06ns, then 'RP would still require
4.06ns/ 0.937ns).

TABLE 78 DDR4-2933 SPEED BINS AND OPERATING (COND’ ([IONS

DDR4-2933 Speed Bin X -068D
CL-nRCD-nRP \ 22-22-22

Parameter Symbol A - Min Max Unit
Internal READ command to first data tAA ’/V 15 18.00 ns
Internal READ command to first data TAA_| YAA(MIN) - ns
with read DBI enabled N\ +4nCK

ACTIVATE to internal READ or WRITE 15 - ns
delay time '\ DN

PRECHARGE command period ¥ Rp 15 - ns
ACTIVATE-to-PRECHARGE comm tRAS 32 9 x tREFI ns
period b\

ACTIVATE-to-ACTIVATE or REFRI&H tRC tRAS + - ns
command period 'RP

CL=9 CL=11 CWL=9 tck4 Reserved ns
=10 [cL=12 CWL=9 teK4 15 | 16 ns
CL=10 |[CL=12 CWL=9,11 tck4 Reserved ns
CL=11 CL=13 CWL=9, 11 tck4 Reserved ns
=12 |cL=14 CWL=9,11 tcK4 125 | <15 ns
CL=12 CL=14 CWL=10,12 tck4 Reserved ns
CL=13 |[CL=15 CWL=10,12 tck4 Reserved ns
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TABLE 78: DDR4-2933 SPEED BINS AND OPERATING CONDITIONS (CONTINUED)

DDR4-2933 Speed Bin -068D
CL-nRCD-nRP 22-22-22
Parameter Symbol Min Max Unit
CL=14 CL=16 CWL=10,12 tCK4 1.071 <1.25 ns
CL=14 CL=17 CWL=11,14 tCcK4 Reserved ns
CL=15 CL=18 CWL=11,14 tck4 Reserved ns
CL=16 CL=19 CWL=11,14 tCcK4 0.937 | <1.071 ns
CL=15 CL=18 CWL=12,16 tck4 Reserved ns
CL=16 CL=19 CWL=12,16 tcK4 R Reserved ns
CL=17 |CL=20 CWL=12,16 teK4 D  Reserved ns
CL=18 [cL=21 CWL=12,16 teK4 C ) o083 | <0937 | ns
CL=17 |CL=20 CWL=14,18 tCK4 2\~ Reserved ns
CL=18 [cL=21 CWL=14,18 teK4 N\ Reserved ns
CL=19 CL=22 CWL=14,18 tCck4 “? 0.750 <0.833 ns
CL=20 |CL=23 CWL=14,18 | tck* PANY 0750 | <0833 | ns
CL=19 |CL=23 CWL =16, 20 tcK4 e Reserved ns
CL=20 |cL=24 CWL=16,20 teK4 L0 ) Reserved ns
CL=21 CL=26 CWL =16, 20 tck4 \ Reserved ns
=22 |cL=26 CWL=16,20 teK4 el 0682 | <0750 | ns
Supported CL settings ~ 10,12,14,16,18,20 | nCK
Supported CL settings with read DBI rV 12,14,16,19, 21 nCK
/ 23,26
Supported CWL settings 9,10,11,12,14,15, nCK
A 16,18, 20
N o .
Notes: 1. S % table is only valid with DLL enabled and gear-down mode disabled.
2. rPoperating in 2tCK WRITE preamble mode, CWL must be programmed to a value
Oat least 1 clock greater than the lowest CWL setting supported in the applicable tCK
nge.

The programmed value of CWL must be less than or equal to programmed value of CL.
tCK(AVG) MIN.

The DRAM supports 13.5ns with CL9 operation.

If the clock period is less than 0.938ns and greater than or equal to 0.937ns, timing pa-
rameters that are derived off the clock will use 0.938ns as its reference. For example, if
tCK (MIN) = 0.938ns and 'RP = 14.06ns, then tRP would require 15nCKs (14.06ns/
0.938ns), but if tCK (MIN) = 0.937ns and 'RP = 14.06ns, then 'RP would still require
15nCKs (14.06ns/ 0.938ns) and not 16nCKs (14.06ns/ 0.937ns).

F"P"P.S
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TABLE 79: DDR4-3200 SPEED BINS AND OPERATING CONDITIONS
DDR4-3200 Speed Bin -062
CL-nRCD-nRP 24-24-24
Parameter Symbol Min Max Unit
Internal READ command to first data tAA 15 18.00 ns
Internal READ command to first data tAA_DBI EAA(MIN) - ns
with read DBI enabled +4nCK
ACTIVATE to internal READ or WRITE fRCD 15 - ns
delay time
PRECHARGE command period RP 15 - ns
ACTIVATE-to-PRECHARGE command tRAS \; 32 9 x 'REFI ns
period P\
ACTIVATE-to-ACTIVATE or REFRESH tRC U 1 tras+ - ns
command period \ tRP

CL=9 CL=11 CWL=9 tcK4 PN Reserved ns
cL=10 |CL=12 CWL=9 tcK# N 15 | 16 ns
cL=10 |cL=12 CWL=9,11 tek4 L0 ) Reserved ns
CL=11 |CL=13 CWL=9,11 teK4 N o Reserved ns
CL=12 |cL=14 CWL=9,11 tek4 \S' 125 | <15 ns
=12 |cL=14 CWL=10,12 teK4 —~ N\ Reserved ns
CL=13 |cL=15 CWL=10,12 tek4 /V Reserved ns
CL=14 |CL=16 CWL =10, 12 (KN 1071 | <125 ns
CL=14 |cL=17 CWL=11, 14 &J Reserved ns
cL=15 |cL=18 CWL=11,14 \tb Reserved ns
CL=16 |CL=19 CWL=11,14\?‘EK4 0937 | <1.071 ns
CL=15 |CL=18 awL=1206)|" ek Reserved ns
CL=16 |CL=19 cwL 82, )6 teK4 Reserved ns
cL=17 |cL=20 CV\W 16 teK4 Reserved ns
CL=18 |CL=21 CWL= 12,16 tek4 0.833 <0937 | ns
CL=17 CL=20 CWL=14,18 tcK4 Reserved ns
CL=18 CL=21 CWL=14,18 tCcK# Reserved ns
CL=19 |CL=22 CWL=14,18 teK4 0.750 <0.833 | ns
CL=20 |cL=23 CWL=14,18 tek4 0.750 <0833 | ns
CL=20 CL=24 CWL =16, 20 tcK4 Reserved ns
CL=22 CL=26 CWL =16, 20 tCcK4 Reserved ns
CL=24 CL=28 CWL=16,20 tck4 0.625 <0.750 ns
Supported CL settings 9-20, 22,24 nCk
Supported CL settings with read DBI 12,14,16, 19, 21, nCk
23,28
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TABLE 79: DDR4-3200 SPEED BINS AND OPERATING CONDITIONS (CONTINUED)

DDR4-3200 Speed Bin -062
CL-nRCD-nRP 24-24-24
Parameter Symbol Min Max Unit
Supported CWL settings 9,10,11,12, 14,16, nCK
18,20
Notes: 1. Speed Bin table is only valid with DLL enabled and gear-down mode disabled.

2. When operating in 2tCK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable *CK
range.

3. The programmed value of CWL must be less than or equal § programmed value of CL.

4. 'CK(AVG) MIN.

5. The DRAM supports 13.5ns with CL9 operation.

6. If the clock period is less than 0.938ns and great equal to 0.937ns, timing pa-
rameters that are derived off the clock will use #38 as its reference. For example, if
tCK (MIN) = 0.938ns and RP = 14.06ns, then otlld require 15nCKs (14.06ns/
0.938ns), but if tCK (MIN) = 0.937ns and 'Ri\e ¥.06ns, then 'RP would still require
15nCKs (14.06ns/ 0.938ns) and not 16n :06ns/ 0.937ns).
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Refresh Parameters By Device Density

TABLE 80: REFRESH PARAMETERS

Parameter Symbol Unit | Notes
REF command to ACT or REF com- 'RFC (All bank groups) 350 ns
mand time
Average periodic refresh interval 'REF| 0°C < Tc <85°C 7.8 us
0°C < Tc <95°C 3.9 ps

Oé

Electrical Characteristics and AC Timing Parameters &

Parameter

Clock period average (DLL off mode) tCK (DLL_OFF)

Clock period average tCK (AVG, 1.25 A 1.071 1.6 0.937 1.6 0.833 1.6 ns 14

DLL_ON) R

High pulse width average tCH (AVG) 043N 0.52 048 | 052 | 048 | 052 | 048 | o052 K

Low pulse width average tCL (AVG) f% 0.52 0.48 0.52 0.48 0.52 0.48 0.52 Ck

Clock period jitter Total 3] ITper_t(v—63 63 -54 54 -47 47 -42 42 ps
Deterministic UTP RIS | 31 31 -27 27 -23 23 -21 21 ps
DLL locking IO -50 | 50 -43 43 -38 38 -33 33 ps

Clock absolute period 44&85) MIN = 'CK (AVG) MIN + UITper_tot MIN; MAX = 'CK (AVG) MAX + ps

P YlTper_tot MAX

Clock absolute high pulse width \ } tCH (ABS) 045 - 045 - 045 - 045 - tCK

(includes duty cycle jitter) b~ (AVG)

Clock absolute low pulse width A S tCL (ABS) 0.45 - 0.45 - 0.45 - 045 - tcK

(includes duty cycle jitter) (AVG)

Cycle-to-cycle jitter Total YITcc _tot 125 107 94 83 ps
Deterministic YlTee _dj 63 54 47 42 ps
DLL locking YITec,Ick 100 86 75 67 ps
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes

Cumulative error across |2 cycles 'ERR2per -92 92 -79 79 -69 69 -61 61 ps
3 cycles ‘ERR3per -109 109 -94 94 -82 82 -73 73 ps
4 cycles ‘ERR4per =121 121 -104 104 -91 91 -81 81 ps
5cycles 'ERR5per -131 131 -112 112 -98 98 -87 87 ps
6 cycles ‘ERR6per -139 139 -119 119 -104 104 -92 92 ps
7 cycles ‘ERR7per -145 145 -124 124 -109 109 -97 97 ps
8 cycles 'ERR8per -151 151 -129 129 -113 113 -101 101 ps
9 cycles ‘ERR9per -156 156 -134 134 -120 120 -104 104 ps
10 cycles tERR10per -160 160 -137 137 -123 123 107 107 ps
11 cycles ‘ERR11per -164 164 -141 141 -126 FS\_ 10 110 ps
12 cycles tERR12per -168 | 168 | -144 | 144 [ -120 {29 )| 112 112 ps
n=13,14...49, tERRnper tERRnper MIN = (1 + 0.68In[palc Iper MIN ps
>0 cycles tERRnper MAX = (1 + 0.6 xWTper MAX

Data setup time to Base (calibrated DS Refer to DQ t ver Specification section -
DQS_t,DQS_c VRer) (appi? y 0.15'CK to 0.28'CK)
Noncalibrated PDA_S O inimum of 0.51U U
VRer / ,
Data hold time from Base (calibrated DH %0 DQ Input Receiver Specification section -
DQS_t, DQS_c Virer) ‘é approximately 0.15'CK to 0.28'CK)
Noncalibrated ‘PDA_H \\ minimum of 0.51U U
Vrer C\
DQ and DM minimum data pulse width DIPW 4 - 0.58 - 0.58 - 0.58 - U
for each input
DQS_t, DQS_c to DQ skew, per group, per DQ - 0.16 - 0.16 - 0.16 - 0.17 U
access
DQ output hold time from DQS_t, DQS_c \ Vv 0.76 - 0.76 - 0.76 - 0.76 - U
Data Valid Window per device: 'QH - “DWV(, 0.63 0.63 0.64 0.64 U
tDQSQ each device’s output per Ul {
Data Valid Window per device, per pin: \/ DVW, 0.66 - 0.66 - 0.69 - 0.72 - ]
tQH - 'DQSQ each device’s output per UD“
A\J

STACKED Technologies Incorporated www.stackedtechnologies.com 109 H|gh Performance, H|gh|y |nteg|’ated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F



%

STACKED

TECHNOLOGIES INC

Advanced Information

ST9D4512M32DBGO
ST9D4512M72SBGO
ST9D4512M40DBGO

TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

ble

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
DQ Low-Z time from CK_t, CK_c tL.ZDQ -450 225 -390 195 -360 180 -360 150 ps
DQ High-Z time from CK_t, CK_c ‘HZDQ - 225 - 195 - 180 - 150 ps
DQS_t, DQS_crising edge to CK_t, CK_c DQSS -0.27 0.27 -0.27 0.27 -0.27 0.27 -0.27 0.27 CK
rising edge
DQS_t, DQS_c differential input low pulse DQSL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 CcK
DQS_t, DQS_c differential input high tDQSH 046 | 054 | 046 | 054 | 046 0.54§¢6 0.54 K
pulse width N
DQS_t, DQS_c falling edge setup to CK_t, DSS 0.18 - 0.18 - 0.18 O 0.18 - CK
CK_crising edge \
DQS_t, DQS_c falling edge hold from DSH 0.18 - 0.18 - 8 - 0.18 - CK
CK_t, CK_crising edge &
DQS_t, DQS_c differential WRITE pream- 'WPRE 0.9 - 0.9 % - 0.9 - CK
ble
DQS_t, DQS_c differential WRITE postam- tWPST 0.33 - 0.33 - 0.33 - 0.33 - CK

DQS_t, DQS_c rising edge output access DQSCK -225 225 ; 5 195 -180 180 -175 175 ps
time from rising CK_t, CK_c \V

DQS_t, DQS_c rising edge output var- tDQSCKi - 3N - 330 - 310 - 290 ps
iance window per DRAM (\

DQS_t, DQS_c differential output high tQSH @/ - 038 - 038 - 0.38 - cK
time ~

DQS_t, DQS_c differential output low tQsL \ Js's - 038 - 038 - 0.38 - cK
time

DQS_t, DQS_c Low-Z time (RL - 1) t —450 | 225 | -390 | 195 | -360 | 180 | -300 | 150 ps
DQS_t, DQS_c High-Z time (RL + BL/2) ‘1\‘% - 225 - 195 - 180 180 150 ps
DQS_t, DQS_c differential READ pream- e L& 0.9 - 0.9 - 0.9 - 0.9 - cK
ble < .\

DQS_t, DQS_c differential READ postam- V RPST 033 - 033 - 033 - 033 - K
ble
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
DLL locking time DLLK 597 - 597 - 768 - 768 - CK 2,4
CMD, ADDR setup time Base S 115 - 100 - 80 - 62 - ps
to CK_t, CK_cBaseref-  ypece, USyner 215 - 200 - 180 - 162 - ps
erenced to Viyac) and
VIL(AC) levels
CMD, ADDR hold time Base UH 140 - 125 - 105 - 87 - ps
toCK t, CK cBaseref-  ype., UHyRer 215 - 200 - 180 - 162 - ps
erenced to Viypc) and ;
VIL(DC) levels A\
CTRL, ADDR pulse width for each input Hpw 600 - 525 - 460 a \C 410 - ps
ACTIVATE to internal READ or WRITE de- ‘RCD See Speed Bin Tablg€for D ns
lay
PRECHARGE command period RP See Speed Rin %or RP ns
ACTIVATE-to-PRECHARGE command peri- RAS See Spe es for 'RAS ns 13
od Yo
ACTIVATE-to-ACTIVATE or REF command tRC Win Tables for 'RC ns 13
period E\
ACTIVATE-to-ACTIVATE command period ‘RRD_S MIN = greater Water MIN = greater MIN = greater CK 1
to different bank groups for 1/2KB page (1/2KB) of 4CKor5ns 4CK or 4.2ns of 4CK or 3.7ns of 4CK or 3.3ns
size ‘v;
ACTIVATE-to-ACTIVATE command period ‘RRD_S MIN = great N MIN= greater MIN = greater MIN = greater CK 1
to different bank groups for 1KB page (1KB) of 4 ns of 4CK or 4.2ns of 4CK or 3.7ns of 4CK or 3.3ns
size / R
ACTIVATE-to-ACTIVATE command period ‘RRD_S " —gyreater MIN = greater MIN = greater MIN = greater CK 1
to different bank groups for 2KB page (2KB) ( Kor 6ns of 4CK or 5.3ns of 4CKor 5.3ns of 4CK or 5.3ns
size \ J
ACTIVATE-to-ACTIVATE command period tRRDV MIN = greater MIN = greater MIN = greater MIN = greater CK 1
to same bank groups for 1/2KB page size ‘(1W of 4CK or 6ns of 4CK or 5.3ns of 4CK or 5.3ns of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period QRK_L MIN = greater MIN = greater MIN =greater | MIN = greater cK 1
to same bank groups for 1KB page size N 1 KB) of 4CK or 6ns of 4CK or 5.3ns of 4CKor 5.3ns of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period J ‘RRD_L MIN = greater MIN = greater MIN = greater MIN = greater CK 1
to same bank groups for 2KB page size v (2KB) of 4CK or 7.5ns of 4CK or 6.4ns of 4CK or 6.4ns of 4CK or 6.4ns
Four ACTIVATE windows for 1/2KB page ‘ FAW MIN = greater MIN = greater MIN = greater MIN = greater ns
size (1/2KB) of 16CK or 20ns of 16CK or 17ns of 16CKor 15ns | of 16CK or 13ns
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4 -1600 DDR4 - 1866 DDR4 - 2133 DDR4 - 2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Four ACTIVATE windows for 1KB page fFAW MIN = greater MIN = greater MIN = greater MIN = greater ns
size (1KB) of 20CK or 25ns of 20CKor23ns | of 20CKor21ns | of 20CKor 21ns
Four ACTIVATE windows for 2KB page tFAW MIN = greater MIN = greater MIN = greater MIN = greater ns
size (2KB) of 28CK or 35ns of 28CK or 30ns of 28CKor30ns | of 28CK or 30ns
WRITE recovery time tWR MIN = 15ns ns 6,10, 1
tWR, MIN = 1CK + 'WR CK 6,11,1
WRITE recovery time when CRC and DM tWR_CRC_DM MIN = 'WR_L + MIN = 'WR_L + greater of@&%ns) CK 7,10, 1
are both enabled greater of (4CK
or 3.75ns) r\
tWR_CRC_DM, MIN = 1CK + ‘WR_ G NG/ &« | 7,111
Delay from start of internal WRITE transaction TWTR_L MIN = greater ofNr 78ns CK 6,10, 1
to internal READ command - Same YWTR_L, MIN=1C ItL K 6,11,1
bank group N
Delay from start of internal WRITE transa- 'WTR_L_CRC_D | MIN=tWR_S + Ml@&‘r greater of (5CK or 3.75ns) K | 7,101
ction to internal READ command - Same M greater of (4CK
bank group when CRC and DM are both or 3.75ns) A@
enabled 'WTR_L_CRC_D @YCK + 'WTR_L_CRC_DM K | 7,111
M, <,
Delay from start of internal WRITE trans- YWTR_S ‘ MIN = greater of (2CK or 2.5ns) CK 6,8,9,
action to internal READ command - Dif- I 10,1
ferent bank group 'WTR_S, NY MIN = 1CK + 'WTR_S K | 6809,
N 1,1
Delay from start of internal WRITE trans- tWTR_S_CRC_D <® R+ MIN = 'WR + greater of (5CK or 3.75ns) CcK 7,8,9,
action to internal READ command - Dif- M regfer of (4CK 10,1
ferent bank group when CRC and DM are R (. ) o 3.75ns)
both enabled CWTR_Su RN MIN = 1CK + 'WTR_S_CRC_DM K | 7,809,
11,1
READ-to-PRECHARGE time A " MIN = greater of 4CK or 7.5ns CK 1
CAS_n-to-CAS_n command delay to dif- QQC‘D_S 4 - 4 - 4 - 4 - CK
ferent bank group p\

A%
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4 -1866 DDR4-2133 DDR4 -2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
CAS_n-to-CAS_n command delay to same tCCD_L MIN = - MIN = - MIN = - MIN = - CK 15
bank group greater greater greater greater
of 4CK of 4CK of 4CK of 4CK
or or or or5ns
6.25ns 5.355ns 5.355ns
Auto precharge write recovery + pre- DAL (MIN) MIN = WR + ROUNDUP tRP/tCK (AVG); MAX = N/A CcK

charge time

MRS command cycle time ‘™MRD 8 - 8 - 8 8 - CK

MRS command cycle time in PDA mode TMRD_PDA MIN = greater of (14CK, 's) CK 1
MRS command cycle time in CAL mode tMOD MIN = 'MQQy+ CcK

MRS command update delay in PDA tMOD MIN = great@gof\4nCK, 15ns) CK 1
mode

MRS command update delay tMOD_PDA /)R! tMOD CcK

MRS command update delay in CAL tMOD_CAL W‘MOD + tCAL cK

mode , n

MRS commandto DQS drive in preamble tSDO Qv MIN = t™MOD + 9ns

training

Multipurpose register recovery time ‘MPRR MIN = 1CK CK
Multipurpose register write recovery time Y‘WR_MPRR MIN = tMOD + AL + PL

CRC error to ALERT_n latency
CRC ALERT_n pulse width

Parity latency
Commands uncertain to be executed dur- ‘AR_UN— - PL - PL - PL - PL CK
ing this time -~ KNOWN
Delay from errant command to ALERT_Y~ tPAR_ALERT_O - PL+ - PL+ - PL+ - PL+ | CK
assertion N 6ns 6ns 6ns 6ns
Pulse width of ALERT_n signal when as- tPAR_ALERT_P 48 96 56 112 64 128 72 128 CK
serted W
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

Command path disable delay upopn
MPSM entry

‘MPED

MIN = 'MOD (MIN)

Ra\

DDR4 -1600 DDR4 -1866 DDR4-2133 DDR4 - 2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Time from alert asserted until DES com- tPAR_ALERT_RS - 43 - 50 - 57 - 64 CK
mands required in persistent CA parity P
mode
CS_n to command address latency tCAL 3 - 4 CK
CS_n to command address latency in tCALg N/A - N/A CK
gear-down mode

Valid clock requirement after MPSM tCKMPE MIN = tMOD &VV@DED (MIN) CK 1
entry
Valid clock requirement before MPSM tCKMPX ~tSRX (MIN) CK 1
exit <I ;L
Exit MPSM to commands not requiring a IXMP O XS (MIN) CK
locked DLL y
Exit MPSM to commands requiring a tXMPDLL wN = 'XMP (MIN) + t¥XSDLL (MIN) CK 1 CK 1
locked DLL
CS setup time to CKE tMPX_S \\ MIN = IS (MIN) + tIH (MIN) ns
CS_n HIGH hold time to CKE rising edge tMPX_HH A M MIN = tXP ns
CS_n LOW hold time to CKE rising edge PtMPX_LH 2 MP-1 12 IXMP-1 12 EXMP-1 12 EXMP-1 ns
Ons Ons Ons Ons

goes HIGH

TEN pin HIGH to CS_n LOW - Enter CT tCT_E | 200 - 200 - 200 - 200 - ns
mode

CS_n LOW and valid input to valid output (C%' - 200 - 200 - 200 - 200 ns
CK_t, CK_c valid and CKE HIGH after TEN L C’_Valid 10 - 10 - 10 - 10 - ns

ZQCL command: Long POWER-UP a tZQinit 1024 - 1024 - 1024 - 1024 - CK
calibration time RESET operati
Normal opera- tZQoper 512 - 512 - 512 - 512 - CK
tiont
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
ZQCS command: Short calibration time t7QCs 128 - 128 - 128 - 128 - CK
The Vggr increment/decrement step time VREF_time MIN = 150ns
Enter Vgerpq training mode to the first 'VREFDQE MIN = 150ns ns 1
write or Vgeepg MRS command delay
Exit Vrerpg training mode to the first 'VREFDQX MIN = 150ns ns 1
WRITE command delay
Exit reset from CKE HIGH to a valid com- XPR MIN = greater of 5CK or 'REC 10ns CK 1
mand
RESET_L pulse low after power stable tPW_REST_S 0.1 - 0.1 - ’ \ - 0.1 - ps
RESET_L pulse low at power-up PW_REST_L 200 - 200 - 0 - 200 - ps
Begin power supply ramp to power sup- tVDDPR MIN = AX =200 ms
plies stable P
RESET_n LOW to power supplies stable RPS N'=0; MAX =0 ns
RESET_n LOW to I/O and Ryt High-Z Y10z - N/A; MAX = undefined ns
REFRESH-to-ACTIVATE ‘RFC1 MIN =260 ns 1,12
or REFRESH command 4Gb RFC2 N\ MIN = 160 ns 1,12
period (all bank TRFC4 Ny MIN=110 ns 1,12
groups) N
tRFCT ) MIN = 350 ns 1,12
8Gb ‘RFC2 ’V MIN = 260 ns 1,12
‘RFC MIN =160 ns 1,12
R MIN =550 ns 1,12
16Gb ~% MIN = 405 ns 1,12
N W4 MIN = 250 ns 1,12
Average periodic refresh 0°C < T¢ < 85° \ REFI MIN = N/A; MAX =7.8 us 12
interval 85°C < Tc <df>"C\ 7 REFI MIN = N/A; MAX =3.9 Us 12
Exit self refresh to commands not req - tXs MIN = 'RFC + 10ns ns 1
ing a locked DLL SRX to commands no tXS_ABORT MIN = tRFC4 + 10ns
requiring a locked DLL in self refresh
abort ns 1
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

or power-down exit (PDX), or reset exit

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min | Max Min | Max Min | Max Min | Max Unit Notes
Exit self refresh to ZQCL, ZQCS and MRS tXS_FAST MIN = 'RFC4 + 10ns 1
(CL, CWL, WR, RTP and gear-down) ns
Exit self refresh to commands requiring a IXSDLL MIN = 'DLLK (MIN) K 1
locked DLL
Minimum CKE low pulse width for self re- tCKESR MIN = 'CKE (MIN) + 1nCK CK 1
fresh entry to self refresh exit timing
Minimum CKE low pulse width for self re- tCKESR_PAR MIN = tCKE (MIN) + 1nCK + PL ': CK 1
fresh entry to self refresh exit timing
when CA parity is enabled n
Valid clocks after self refresh entry (SRE) tCKSRE MIN = greater of (5 W CK 1
or power-down entry (PDE)
Valid clock requirement after self refresh Y{CKSRE_PAR MIN = greater ofvwﬁs) +PL CcK 1
entry or power-down when CA parity is
enabled Ags >
Valid clocks before self refresh exit (SRX) TCKSRX eNer of (5CK, 10ns) CK 1

chronous or asynchronous

Exit power-down with DLL on to any val- P MIN = greater of 4CK or 6ns CK 1
id command g ;

Exit precharge power-down with DLL fro- XP_PAR \ MIN = (greater of 4CK or 6ns) + PL CK 1
zen to commands not requiring a locked

DLL when CA Parity is enabled. L, 0

CKE MIN pulse width YCKE (MIN) y MIN = greater of 3CK or 5ns CK 1
Command pass disable delay tCPDED rj_% | - | 4 | - | 4 | - | 4 | - CK
Power-down entry to power-down exit D :\_, MIN = 'CKE (MIN); MAX = 9 x 'REFI CK

timing

Begin power-down period prior to CKE W WL -1CK CK
registered HIGH \

Power-down entry period: ODT either PDE Greater of 'ANPD or 'RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous C

Power-down exit period: ODT either sy PDX 'ANPD + '™XSDLL CK
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
ACTIVATE command to power-down en- tACTPDEN 1 - 1 - 2 - 2 - CK
try
PRECHARGE/PRECHARGE ALL command 'PRPDEN 1 - 1 - 2 - 2 - CK
to power-down entry
REFRESH command to power-down entry ‘REFPDEN 1 - 1 - 2 - 2 - CK
MRS command to power-down entry tMRSPDEN MIN = tMOD (MIN) o CK 1
READ/READ with auto precharge com- ‘RDPDEN MIN=RL+4+1 CK 1
mand to power-down entry ,@
WRITE command to power-down entry YWRPDEN MIN = WL + 4 + 'WR/CNAV! CK 1
(BL8OTF, BLBMRS, BC4OTF) ‘ \
WRITE command to power-down entry tWRPBC4DEN MIN = WL + 2 + JWR/ W(AVG) CK K 1
(BC4AMRS)
WRITE with auto precharge command to ‘*WRAPDEN MIN = W+ WR+ 1 CK 1
power-down entry (BL8OTF,
BL8MRS,BC40TF)
WRITE with auto precharge command to 'WRAPBC4DEN WL+2+WR+1CK1 CK 1

power-down entry (BC4MRS)

Direct ODT turn-on latency DODTLon o WL-2=CWL+AL+PL-2 CK
Direct ODT turn-off latency DODTLoff AN WL-2=CWL+AL+PL-2 CK
Rt dynamic change skew tADC .3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 CK
Asynchronous Rrrnowm) turn-on delay tAONAS 'O 9 1 9 1 9 1 9 ns
(DLL off) ,-<</

Asynchronous Ryrnowm) turn-off delay tAOF, U 1 9 1 9 1 9 1 9 ns
(DLL off)

ODT HIGH time with WRITE command THR] 'CK 6 - 6 - 6 - 6 - CK
and BL8 \ NHE 2tk 7 - 7 - 7 - 7 -

ODT HIGH time without WRITE command _SNRYpDTH4 11CK 4 - 4 - 4 - 4 - cK
or with WRITE command and BC4 ODTH4 2tCK 5 _ 5 _ 5 - 5 _

First DQS_t, DQS_c rising edge after wi§e YWLMRD 40 - 40 - 40 - 40 - CK
leveling mode is programmed
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TABLE 81: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4-1600 THROUGH DDR4-2400 (CONTINUED)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
DQS_t, DQS_c delay after write leveling TWLDQSEN 25 - 25 - 25 - 25 - CK
mode is programmed
Write leveling setup from rising CK_t, tWLS 0.13 - 0.13 - 0.13 - 0.13 - CK
CK_c crossing to rising DQS_t, DQS_c
crossing
Write leveling hold from rising DQS_t, 'WLH 0.13 - 0.13 - 0.13 - \ 0.13 - CK
DQS_c crossing to rising CK_t, CK_c cross- ;
ing V
Write leveling output delay tWLO 9.5 9.5 0 o 99? v 0 9.5 ns
Write leveling output error ‘WLOE 2 2 N2 0 2 ns

Exit reset from CKE HIGH to a valid MRS XPR_GEAR N/A N/A N/A N/A CK
gear-down N

CKE HIGH assert to gear-down enable XS_GEAR N/A N/A N/A CK
time) L

MRS command to sync pulse time tSYNC_GEAR N/A ( \* N/A N/A cK
Sync pulse to first valid command 'CMD_GEAR N/A A S N/A N/A CK
Gear-down setup time 'GEAR_setup N/A - N/A - N/A - N/A - CK
Gear-down hold time 'GEAR_hold N N/A - N/A - N/A - CK

?\
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Notes: 1. Maximum limit not applicable.

2. '*CCD_L and 'DLLK should be programmed according to the value defined per operating

frequency.

3. Although unlimited row accesses to the same row is allowed within the refresh period,
excessive row accesses to the same row over a long term can result in degraded opera-
tion.

Data rate is less than or equal to 1333 Mb/s.

Data rate is less than or equal to TBD.

WRITE-to-READ when CRC and DM are both not enabled.
WRITE-to-READ delay when CRC and DM are both enabled.
The start of internal write transactions is defined as follows:

© No v A

e For BL8 (fixed by MRS and on-the-fly): rising clock edge four clock cycles after WL
¢ For BC4 (on-the-fly): rising clock edge four clock cycles afSQr WL
¢ For BC4 (fixed by MRS): rising clock edge two clock arter WL

9. For these parameters, the device supports thPARAM = RU{tPARAM [ns]/I{CK(AVG)
[ns]}, in clock cycles, assuming all input clock jitt Cations are satisfied.
10. When operating in 1'CK WRITE preamble mod&
11. When operating in 2tCK WRITE preamble gno

12. When CA parity mode is selected and t mode is used, each REF command re-
quires an additional “PL" added to h time.

13. DRAM devices should be evenly a when being accessed. Disproportionate ac-
cesses to a particular row addre esult in reduction of the product lifetime and/or
reduction in data retention g#ili

14. Applicable from t'CK (AVG) to 'CK (AVG) MAX as stated in the Speed Bin tables.
15. JEDEC specfies a minim\o ve clocks.

§
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Electrical Characteristics and AC Timing Parameters: 2666 Through 3200 Mbs

TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS: DDR4 - 2666 THROUGH DDR4 - 3200

DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Notes
Clock period average (DLL off mode) tCK (DLL_OFF) 8 20 8 20 8 20 ns
Clock period average tCK (AVG, 0.75 1.6 0.682 1.6 0.625 1.6 ns 14
DLL_ON) \
High pulse width average tCH (AVG) 0.48 0.52 0.48 0.52 0.48 §s CK
Low pulse width average tCL (AVG) 0.48 0.52 0.48 0.52 0.48 ()(h - Ck
Clock period jitter Total YTper_tot -38 38 -34 34 2\ ps
Deterministic YiTper_dj -19 19 -17 17 '—%\ " 16 ps
DLL locking YlTper,Ick -30 30 =27 27 25 ps
Clock absolute period tCK (ABS) MIN = 'CK (AVG) MIN + "@ MIN; MAX = 'CK (AVG) MAX + ps
AJ ® tot MAX
Clock absolute high pulse width tCH (ABS) 0.45 - tcK
(includes duty cycle jitter) (AVG)
Clock absolute low pulse width tCL (ABS) - 0.45 - tCcK
(includes duty cycle jitter) (AVG)
Cycle-to-cycle jitter Total YlTcc _tot 63 ps
Deterministic YITee _dj 31 ps
DLL locking YITec Ick 50 ps
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)

DDR4-2666 DDR4-2933 DDR4-3200

Parameter Symbol Min Max Min Max Min Max Unit

Cumulative error across |2 cycles ‘ERR2per -55 55 -50 50 -46 46 ps
3 cycles ‘ERR3per -66 66 -59 59 -55 55 ps
4 cycles ‘ERR4per -73 73 -66 66 -61 61 ps
5 cycles YERR5per -79 79 -71 71 -65 65 ps
6 cycles ‘ERR6per -83 83 -75 75 -69 69 ps
7 cycles ‘ERR7per -87 87 -79 79 -73 73 ps
8 cycles ‘ERR8per -91 91 -82 82 -7 75 ps
9 cycles ‘ERR9per -94 94 -85 85 A\, 78 ps
10 cycles *ERR10per -96 % -87 87, & W 80 ps
11 cycles ‘ERR11per -99 99 -89 \-82 82 ps
12 cycles ‘ERR12per -101 101 -91 % -84 84 ps
n=13,14...49, ‘ERRnper ‘ERRnper 1+ 0.68In[n]) x YlTper MIN ps
50 cycles ‘ERRn (1 + 0.68In[n]) x JITper MAX

Data setup time to Base (calibrated DS to DQ Input Receiver Specification section -
DQS_t, DQS_c Vier) P (approximately 0.15'CK to 0.28CK)
Noncalibrated PDA_S Y g minimum of 0.51U U
VRer
Data hold time from Base (calibrated DH ‘é Refer to DQ Input Receiver Specification section -
DQS_t, DQS_c Vger) S (approximately 0.15CK to 0.28CK)
Noncalibrated 'PDA_| \) minimum of 0.51U U
VRer
DQ and DM minimum data pulse width P 0.58 - 0.58 - 0.58 - 1Ug
for each input
DQS_t, DQS_c to DQ skew, per group, per, tDQSQ - 0.18 - 0.18 - 0.18 1Uq
access \
DQ output hold time from DQS_t, Dag. o~y tQH 074 - 074 - 0.74 - 1Ug
Data Valid Window per device: t@ DVWy 0.64 0.64 0.64 Uy
tDQSQ each device's output
Data Valid Window per device,kr pin: tDVWID 0.72 - 0.72 - 0.72 - 1Uq
tQH - 'DQSQ each device's output per Ul
DQ Low-Z time from CK_t, CK_c 'L.ZDQ -340 140 -330 135 -320 130 ps
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200

Parameter Symbol Min Max Min Max Min Max Unit
DQ High-Z time from CK_t, CK_c HZDQ - 140 - 135 - 130 ps
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS1ck -0.27 0.27 -0.27 0.27 -0.27 0.27 CK
rising edge for 1'CKpreamble
DQS_t, DQS_crising edge to CK_t, CK_c t'DQSS yck -0.5 0.5 -0.5 0.5 -0.5 0.5 CK
rising edge for 2'CKpreamble N
DQS_t, DQS_c differential input low pulse tDQSL 0.46 0.54 0.46 0.54 048,54 CK
width N\
DQS_t, DQS_c differential input high tDQSH 046 | 054 | 046 | 054 ‘\\ﬁ( 0.54 cK
pulse width
DQS_t, DQS_c falling edge setup to CK_t, tDSS 0.18 - 0.18 V 0.18 - CK
CK_crising edge
DQS_t, DQS_c falling edge hold from tDSH 0.18 - § h 0.18 - cK
CK_t, CK_crising edge
DQS_t, DQS_c differential WRITE pream- YWPRE 0.9 - - 0.9 - CK
ble yo
DQS_t, DQS_c differential WRITE postam- YWPST 0.33 - 0.33 - CK

ble

DQS_t, DQS_c rising edge output access tDQSCK -y/0 170 -165 165 -160 160 ps
time from rising CK_t, CK_c

DQS_t, DQS_c rising edge output var- ‘DQﬁlj% - 270 - 265 - 260 ps
iance window per DRAM A\

DQS_t, DQS_c differential output high @ 0.40 - 0.40 - 0.40 - K
time .

DQS_t, DQS_c differential output low \%QSL 0.40 - 0.40 - 0.40 - CcK
time N

DQS_t, DQS_c Low-Z time (RL- 1) ~\) tLZDQS -340 140 -330 130 -320 130 ps
DQS_t, DQS_c High-Z time (RL + BLP™ tHZDQS - 140 - 135 - 130 ps
DQS_t, DQS_c differential READ prea%- ‘RPRE 0.9 - 0.9 - 0.9 - CK
lble
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min ‘ Max Min ‘ Max Min ‘ Max Unit Notes
Command and Address Timing
DLL locking time DLLK 854 - 940 - 1024 - CK 2,4
CMD, ADDR setup time Base 1S 55 - 48 - 40 - ps
to CK_t, CK_c Base ref- VRerca YIS yRer 145 _ 138 _ 130 _ ps
erenced to Viyac) and
viLac) levels
CMD, ADDR hold time Base YH 80 - 73 - 65 -~ ps
to CK_t, CK_c Base ref- VRerca IHyrer 145 _ 138 _ 130 $ ps
erenced to Viypc) and
vipe) levels N q
CTRL, ADDR pulse width for each input tipw 385 - 365 - XO\‘ - ps
ACTIVATE to internal READ or WRITE de- fRCD See Speed Bj %atkfor RC ns
lay &
PRECHARGE command period RP See Spe iV Tables for tRP ns
ACTIVATE-to-PRECHARGE command peri- RAS SgEeD N8N Tables for tRAS ns 13
od P
ACTIVATE-to-ACTIVATE or REF command tRC Oe?Speed Bin Tables for tRC ns 13
period / ,
ACTIVATE-to-ACTIVATE command period ‘RRD_S MIN = great MIN = greater MIN = greater CK 1
to different bank groups for 1/2KB page (1/2KB) of 4CK or of 4CK or 3.0ns of 4CK or 3.0ns
size
ACTIVATE-to-ACTIVATE command period ‘RRD_S @reatver MIN = greater MIN = greater CK 1
to different bank groups for 1KB page (1KB) Ve r3.0ns of 4CK or 3.0ns of 4CK or 3.0ns
size L )
ACTIVATE-to-ACTIVATE command period tRRD_S(}, IN = greater MIN = greater MIN = greater CK 1
to different bank groups for 2KB page (2K of 4CK or 5.3ns of 4CK or 5.3ns of 4CK or 5.3ns
size é
ACTIVATE-to-ACTIVATE command period w MIN = greater MIN = greater MIN = greater CK 1
to same bank groups for 1/2KB page size - \ | /2KB) of 4CK or 4.9ns of 4CK or 4.9ns of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period 'RRD_L MIN = greater MIN = greater MIN = greater CK 1
to same bank groups for 1KB page size O (1KB) of 4CK or 4.9ns of 4CK or 4.9ns of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command pevv 'RRD_L MIN = greater MIN = greater MIN = greater CK 1
to same bank groups for 2KB page size (2KB) of 4CK or 6.4ns of 4CK or 6.4ns of 4CK or 6.4ns
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min ‘ Max Min ‘ Max Min ‘ Max Unit Notes
Four ACTIVATE windows for 1/2KB page FAW MIN = greater MIN = greater MIN = greater ns
size (1/2KB) of 16CK or 12ns of 16CK or 12ns of 16CK or
11.9ns
Four ACTIVATE windows for 1KB page FAW MIN = greater MIN = greater MIN = greater ns
size (1KB) of 20CK or 25ns of 20CK or 23ns of 20CK or 21ns
Four ACTIVATE windows for 2KB page TFAW MIN = greater MIN = greater MIN = greater ns
size (2KB) of 28CK or 35ns of 28CK or 30ns of 28CK or 30n
WRITE recovery time TWR MIN = 15ns P ns 5,10, 1
'WR, mN=1ck+wil Y K | 5111
WRITE recovery time when CRC and DM tWR_CRC_DM MIN = *WR + greateW%s) CK 6,10, 1
are both enabled
WRITE recovery time when CRC and DM tWR_CRC_DM, MIN = 1CK &C_DM CK 6,11,1
are both enabled “w
Delay from start of internal WRITE trans- 'WTR_L M%N@BMCK or7.5ns CK 5,10,1
action to internal READ command - Same tWTR_L, @\_ 1CK+ 'WTR_L K 5,11,1
bank group
Delay from start of internal WRITE trans- t*WTR_L_CRC_D U/TR L + greater of (5CK or 3.75ns) CK 6,10, 1
action to internal READ command - Same M
bank group when CRC and DM are both 'WTR_L_CRC_D \ MIN = 1CK + 'WTR_L_CRC_DM K 6,10, 1
enabled M, ‘ ‘;
Delay from start of internal WRITE trans- WTR_S MIN = greater of (2CK or 2.5ns) CK 5,7,8,
action to internal READ command - Dif- 10,1
ferent bank group tWTR_S, 4 MIN = 1CK + tWTR_S cK 57,8,
,. 0 11,1
Delay from start of internal WRITE trans- YWTR_S_¢ % MIN = 'WTR_S + greater of (5CK or 3.75ns) CK 6,7,8,
action to internal READ command - Dif- 10,1
ferent bank group when CRC and DM are t C D MIN = 1CK + 'WTR_S_CRC_DM K 6,7,8,
both enabled % 11,1
READ-to-PRECHARGE time 3\ ke MIN = greater of 4CK or 7.5ns K 1
CAS_n-to-CAS_n command delay to dif- & tCCD_S 4 - 4 - 4 - CK
ferent bank group ?
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
CAS_n-to-CAS_n command delay to same ‘CCD_L MIN = - MIN = - MIN = - CK
bank group greater greater greater
of 4CK of 4CK of 4CK
or 5ns or5ns or5ns
Auto precharge write recovery + pre- DAL (MIN) MIN = WR + ROUNDUP 'RP/tCK (AVG); MAX = N/A

charge time

training

Multipurpose register recovery time

‘MPRR

MIN = 1nCK

MRS command cycle time YMRD 9 - 10 - 10 = CcK

MRS command cycle time in PDA mode tMRD_PDA MIN = greater of (16nCK 1
MRS command cycle time in CAL mode tMRD_CAL MIN = 'MOD + A ) K

MRS command update delay in PDA ‘MOD MIN = greater of, nCNSns) CK 1
mode

MRS command update delay tMOD_PDA % CcK

MRS command update delay in CAL tTMOD_CAL @D + 'CAL CK

mode

MRS commandto DQS drive in preamble SDO % = 'MOD + 9ns

Multipurpose register write recovery time

CRC error to ALERT_n latency

YWR_MPRR

YCRC_ALERT

MIN = 'tMOD + AL + PL

CRC ALERT_n pulse width

tCRC_ALERT_

10 6 10 6 10

CK

Parity latency
Commands uncertain to be executed dur- WN— - PL - PL - PL CK
ing this time \ NOWN
Delay from errant command to ALERT_nQ R_ALERT_O - PL + - PL + - PL + CK
assertion L N 6ns 6ns 6ns
Pulse width of ALERT_n signal when v tPAR_ALERT_P 80 160 88 176 96 192 CK
serted w
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Notes
Time from alert asserted until DES com- 'PAR_ALERT_RS - 71 - 78 - 85 CK

mands required in persistent CA parity
mode

CS_n to command address latency

p

tCAL

CS_n to command address latency in
gear-down mode

tCALg

TEN pin HIGH to CS_n LOW - Enter CT
mode

Command path disable delay upopn tMPED MIN = tMOD (MIN) +{CRDEDAMIN) CK 1
MPSM entry K\

Valid clock requirement after MPSM tCKMPE MIN = tTMOD QIIN) NPDED (MIN) CK 1
entry

Valid clock requirement before MPSM tCKMPX N - ISRX (MIN) CK 1
exit Pa

Exit MPSM to commands not requiring a IXMP v XS (MIN) CK

locked DLL n

Exit MPSM to commands requiring a EXMPDLL Q\wé EXMP (MIN) + tXSDLL (MIN) CK 1 K 1
locked DLL AN

CS setup time to CKE EMPX_S ReN MIN = IS (MIN) + tIH (MIN) ns

CS_n HIGH hold time to CKE rising edge TMPX_HH . \\ MIN = tXP ns

CS_n LOW hold time to CKE rising edge tMPX_LH EXMP-1 12 EXMP-1 12 EXMP-1 ns

Ons ons

CS_n LOW and valid input to valid output

lid

ns

CK_t, CK_c valid and CKE HIGH after TEN
goes HIGH

Ny

POWER-
RESET op&fation

ZQCL command: Long
calibration time

¥

tNECT _valid

tZQinit

10 -

10 - 10 - ns

Normal opéra-
tiont

tZQoper

512 -

512 - 512 - CK
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)

WRITE command delay

DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit Notes
ZQCS command: Short calibration time t7QCs 128 - 128 - 128 - CcK
The Vggr increment/decrement step time VREF time MIN = 150ns
Enter Vgerpq training mode to the first YVREFDQE MIN = 150ns ns 1
write or Vgeepg MRS command delay
Exit Vrerpg training mode to the first YVREFDQX MIN = 150ns ns 1

Exit reset from CKE HIGH to a valid com- XPR MIN = greater of 5CK or 'RFC ( CK 1
mand

RESET_L pulse low after power stable tPW_REST_S 0.1 - 0.1 - 1 N Us

RESET_L pulse low at power-up tPW_REST_L 200 - 200 - I - s

Begin power supply ramp to power sup- tVDDPR MIN =N/X =200 ms

plies stable

RESET_n LOW to power supplies stable RPS P Ov;MAX =0 ns

RESET_n LOW to I/0 and Ryt High-Z tloz K, MAX = undefined ns

Exit self refresh to commands not rege-
ing a locked DLL SRX to commands &
requiring a locked DLL in self refresh

abort

XS

MIN = tRFC + 10ns

REFRESH-to-ACTIVATE tRFC1 , MIN = 260 ns 1,12
or REFRESH command 4Gb tRFC2 N MIN = 160 ns 1,12
period )(a” bank tRFC4 \v MIN =110 ns 1,12
roups
group tRFCT —_ N MIN =350 ns 1,12
8Gb tRFC2 ) MIN = 260 ns 1,12
tRFC4 y MIN = 160 ns 1,12
RFC1L MIN = 550 ns 1,12
16Gb ‘RFR MIN = 405 ns 1,12
A@ MIN = 250 ns 1,12
Average periodic refresh 0°C < T¢ <85°C WI MIN = N/A; MAX =7.8 us 12
interval 85°C < Tc < 95° tREFI MIN = N/A; MAX = 3.9 us 12

ns

tXS_ABORT

MIN = 'RFC4 + 10ns

ns

STACKED Technologies Incorporated

www.stackedtechnologies.com

127

High Performance, Highly Integrated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F



%

STACKED

Advanced Information

ST9D4512M32DBGO0
TECHNOLOGIES INC ST9D4512M72SBGO
ST9D4512M40DBGO
TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200

Parameter Symbol Min | Max Min | Max Min | Max Unit Notes
Exit self refresh to ZQCL, ZQCS and MRS XS_FAST MIN = 'RFC4 + 10ns 1
(CL, CWL, WR, RTP and gear-down) ns
Exit self refresh to commands requiring a tXSDLL MIN = 'DLLK (MIN) CK 1
locked DLL
Minimum CKE low pulse width for self re- tCKESR MIN = tCKE (MIN) + 1nCK CK 1
fresh entry to self refresh exit timing
Minimum CKE low pulse width for self re- Y CKESR_par MIN = tCKE (MIN) + 1nCK + PL CK 1
fresh entry to self refresh exit timing
when CA parity is enabled P
Valid clocks after self refresh entry (SRE) tCKSRE MIN = greater of (5CK, @ h g CK 1
or power-down entry (PDE) \
Valid clock requirement after self refresh Y CKSRE_par MIN = greater of ((&na +PL CK 1
entry or power-down when CA parity is
enabled “v
Valid clocks before self refresh exit (SRX) tCKSRX MIN :Vk%’f (5CK, 10ns) K 1

or power-down exit (PDX), or reset exit
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Exit power-down with DLL on to any val- tXp = greater of 4CK or 6ns CK 1
id command ‘Q

Exit precharge power-down with DLL fro- tXP_PAR MIN = (greater of 4CK or 6ns) + PL CK 1
zen to commands not requiring a locked \$

DLL when CA Parity is enabled. o~

CKE MIN pulse width tCKE (MIN) ) MIN = greater of 3CK or 5ns cK 1
Command pass disable delay tCPDED 5’v| - | 5 | - | 6 | - | CcK
Power-down entry to power-down exit PD MIN = 'CKE (MIN); MAX = 9 x 'REFI CcK

timing \C'

Begin power-down period prior to CKE t@ WL-1CK CK
registered HIGH .

Power-down entry period: ODT either %E Greater of 'ANPD or 'RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous ~A

Power-down exit period: ODT either syn- PDX YANPD + t™XSDLL CK

chronous or asynchronous E

High Performance, Highly Integrated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F




%

STACKED

Advanced Information

ST9D4512M32DBGO
TECHNOLOGIES INC ST9D4512M72SBGO
ST9D4512M40DBGO
TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200

Parameter Symbol Min Max Min Max Min Max Unit | Notes
ACTIVATE command to power-down en- tACTPDEN 2 - 2 - 2 - CK
try
PRECHARGE/PRECHARGE ALL command 'PRPDEN 2 - 2 - 2 - CK
to power-down entry
REFRESH command to power-down entry 'REFPDEN 2 - 2 - 2 - CK
MRS command to power-down entry Y*MRSPDEN MIN = tMOD‘(MIN) CK 1
READ/READ with auto precharge com- tRDPDEN MIN = R@ K 1
mand to power-down entry r\
WRITE command to power-down entry tWRPDEN MIN = L\\-JNR/‘CK(AVG) cK 1
(BL8OTF, BL8MRS, BC4OTF) X
WRITE command to power-down entry 'WRPBC4DEN MIN?L+ 2 + 'WR/CK(AVG) C CK 1
(BCAMRS)
WRITE with auto precharge command to Y*WRAPDEN MIN=WL+4+WR+1 CK 1
power-down entry (BL8OTF, Q
BL8MRS,BC4OTF) &)
WRITE with auto precharge command to tWRAPBC4DEN Q\/ MIN=WL+2+WR+1CK1 cK 1
power-down entry (BC4MRS)

Direct ODT turn-on latency DODTLon WL-2=CWL+AL+PL-2 CK
Direct ODT turn-off latency DODTL;«N} WL-2=CWL+AL+PL-2 K
Rt dynamic change skew t 0.3 0.7 0.3 0.7 0.3 0.7 CK
Asynchronous Rrrnowm) turn-on delay W 1 9 1 9 1 9 ns
(DLL off)
Asynchronous Ryrnowm) turn-off delay OAOFAS 1 9 1 9 1 9 ns
(DLL off) \\
ODT HIGH time with WRITE commanQ“ ODTH8 1tCK 6 - 6 - 6 - K
and BL8 t _ _ _

Nv ODTH8 2'CK 7 7 7
ODT HIGH time without WRITE com¥and ODTH4 1tCK 4 - 4 - 4 - CK
or with WRITE command and BC4 ODTH4 2tCK 5 _ 5 _ 5 _
First DQS_t, DQS_c rising edge after write YWLMRD 40 - 40 - 40 - CK
leveling mode is programmed
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TABLE 82: ELECTRICAL CHARACTERISTICS AND AC TIMING PARAMETERS (CONTINUED)
DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Unit
DQS_t, DQS_c delay after write leveling 'WLDQSEN 25 - 25 - 25 - CcK
mode is programmed
Write leveling setup from rising CK_t, tWLS 0.13 - 0.13 - 0.13 - CK
CK_c crossing to rising DQS_t, DQS_c
crossing
Write leveling hold from rising DQS _t, YWLH 0.13 - 0.13 - 0.13 - CK
DQS_c crossing to rising CK_t, CK_c cross-
Ing
Write leveling output delay 'WLO 9.5 9.5 9.5 ns
Write leveling output error 'WLOE 2
Exit reset from CKE HIGH to a valid MRS XPR_GEAR tXPR PR
gear-down
CKE HIGH assert to gear-down enable tXS_GEAR XS tx \\/ XS K
time) &
MRS command to sync pulse time tSYNC_GEAR tMOD + 4CK t 4CK tMOD + 4CK CK
Sync pulse to first valid command tCMD_GEAR tMOD oD tMOD CK
Gear-down setup time YGEAR_setup 2CK _/\N‘ - 2CK - CK
Gear-down hold time tGEAR_hold 2CK ~3CK - 2CK - CK
Notes: 1. Maximum limit not applicable. ‘

2. 'CCD_L and 'DLLK should be programme rding to the value defined per operating
frequency.

3. Datarateis less than or equal to 133 s.

4. Data rate is less than or equal tg .

5. WRITE-to-READ when CRC a re both not enabled.

6. WRITE-to-READ delay wh nd DM are both enabled.

7. The start of internal Writ@] actions is defined as follows:

e For BL8 (fixed by on-the-fly): rising clock edge four clock cycles after WL
e For BC4 (on-the-\yiSing clock edge four clock cycles after WL
e For BC4 (fi RS): rising clock edge two clock cycles after WL

8. For these €ters, the device supports tnPARAM [nCK] = RU{'tPARAM [ns]/ICK(AVG)
[ns]}, ingcl cles, assuming all input clock jitter specifications are satisfied.

9. AIthoJ?ﬂNimited row accesses to the same row is allowed within the refresh period,
excessiverow accesses to the same row over a long term can result in degraded opera-
tion.

10. When operating in 11CK WRITE preamble mode.

11. When operating in 2tCK WRITE preamble mode.

12. When CA parity mode is selected and the DLLoff mode is used, each REF command re-
quires an additional “PL" added to RFC refresh time.

13. DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cesses to a particular row address may result in reduction of the product lifetime and/or
reduction in data retention ability.

14. Applicable from 'CK (AVG) MIN to 'CK (AVG) MAX as stated in the Speed Bin tables.

15. JEDEC specfies a minimum of five clocks.

16. The maximum read postamble is bound by tDQSCK(MIN) plus tQSH(MIN) on the left side
and tHZ(DQS)MAX on the right side.

17. The reference level of DQ output signal is specified with a midpoint as a widest part of

STACKED Technologies Incorporated

output signal eye, which should be approximately 0.7 x VDDQ 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 Vi1 = Vppg.
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RESET and Initialization Procedure

Power-Up and Initialization Sequence

The following sequence is required for power-up and initialization:

1. Apply power (RESET_n and TEN must be maintained below 0.2 x Vpp while supplies ramp up; all other
inputs may be undefined). When supplies have ramped to a valid stable level, RESET_n must be main-
tainedbelow 0.2 x Vpp for a minimum of tPW_RESET_L and TEN must be maintained below 0.2 x Vpp for a
minimum of 700ps. CKE is pulled LOW anytime before RESET _n is de-asserted (minimum time of 10ns). The
power voltage ramp time between 300mV to Vpp min must be no greater than 200ms, and during the ramp,
Vpp must be greater than or equal to Vppq and (Vpp - Vppq < 0.3V). Vpp must ramp at the same time or
before Vpp, and Vpp must be equal to or higher than Vpp at all times. After Vpp has ramped and reached the
stable level, the initialization sequence must be started within 64ms.

During power-up, either of the following conditions may exist and must be met:

- Vpp and Vppq are driven from a single-power converter output an pp/Vppq without any slope
reversal before or at the same time as Vpt and VRggca.

— The voltage levels on all balls other than Vpp, Vppg, Vss, and VS?»ust be less than or equal to Vppq
and Vpp on one side and must be greater than or equal to Ysd d Vgs on the other side.
— Vrpris limited to 0.76V MAX when the power ramp is co

e Condition A: %
— Apply Vpp without any slope reversal before or at the same time as V]m DQ-

— VgEgrca tracks Vpp/2.
e Condition B: O
— Apply Vpp without any slope reversal before or e same time as Vpp.
— Apply Vpp without any slope reversal befor; e same time as Vpp(.

- Apply Vppq without any slope reversal bgfor: at the same time as Vpp and VRggca.

— The voltage levels on all pins other t » VDD, VDD, Vss, and Vssg must be less than or equal to
Vbpq and Vpp on one side and m rger than or equal to Vssq and Vsg on the other side.

2. After RESET_n is de-asserted, wait foffangWfer 500us until CKE becomes active. During this time, the device
will start internal state initializatio is/vill be done independently of external clocks. A reasonable attempt
was made in the design to power ith the following default MR settings: gear-down mode (MR3 A[3]): 0 =
1/2 rate; per-DRAM addressgb R3 A[4]): 0 = disable; maximum power-down (MR4 A[1]): 0 = disable; CS
to command/address laten% R4 A[8:6]): 000 = disable; CA parity latency mode (MR5 A[2:0]): 000 = disable.
However, it should be that at power up the MR settings are undefined and should be programmed
as shown below.

3. Clocks (CK_t, CK_c) %ﬂ to be started and stabilized for at least 10ns or 5 'CK (whichever is larger) before
CKE goes active. Becatise CKE is a synchronous signal, the corresponding setup time to clock (IS) must be
met. Also, a DESELECT command must be registered (with IS setup time to clock) at clock edge Td. After the
CKE is registered HIGH after RESET, CKE needs to be continuously registered HIGH until the initialization
sequence is finished, including expiration of !DLLK and ZQINIT.

4. The device keeps its ODT in High-Z state as long as RESET _n is asserted. Further, the SDRAM keeps its ODT
in High-Z state after RESET_n de-assertion until CKE is registered HIGH. The ODT input signal may be in an
undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal
may be statically held either LOW or HIGH. If RT1(nyowmy is to be enabled in MR1, the ODT input signal must
be statically held LOW. In all cases, the ODT input signal remains static until the power-up initialization
sequence is finished, including the expiration of 'DLLK and ‘ZQpy;t.

STACKED Technologies Incorporated www.stackedtechnologies.com 131 High Performance, High|y Integrated Memory Module

June 23, 2017 STDS-ST9D4512M32DBGO Rev F



Advanced Information
S>l AKED. STODiSIaNEI08GD

ST9D4512M40DBGO

5. After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, 'XPR, before issuing the first MRS
command to load mode register ('XPR = MAX (XS; 5 x {CK).

Issue MRS command to load MR3 with all application settings, wait tMRD.
Issue MRS command to load MR6 with all application settings, wait tMRD.
Issue MRS command to load MR5 with all application settings, wait tMRD.
9. Issue MRS command to load MR4 with all application settings, wait tMRD.
10.Issue MRS command to load MR2 with all application settings, wait tMRD.
11.Issue MRS command to load MR1 with all application settings, wait tMRD.
12.Issue MRS command to load MRO with all application settings, wait tMOD.
13.Issue a ZQCL command to start ZQ calibration.

14.Wait for tDLLK and "ZQINIT to complete.

15.The device will be ready for normal operation.

® N

A stable valid Vpp level is a set DC level (0 Hz to 20 MHz) and must be no less tha
VpD,max- If the set DC level is altered anytime after initialization, the DLL reset a
again after the new set DC level is stable. AC noise of +t60mV (greater than 20
noise doesn’t alter Vpp to less than Vpp i, or greater than Vpp max.

A stable valid Vppq level is a set DC level (0 Hz to 20 MHz) and must be\?ﬁess than Vpp min and no greater than

mm and no greater than
ibrations must be performed
allowed on VDD provided the

VbpQ,max- If the set DC level is altered anytime after initialization, th eset and calibrations must be per-
formed again after the new set DC level is stable. AC noise of +60 ater than 20 MHz) is allowed on Vppq
provided the noise doesn't alter Vpp(, to less than Vppq, min Or than Vpp max-

A stable valid Vpp level is a set DC level (0 Hz to 20 MHz) a be no less than Vppmin and no greater than
Vppmax- If the set DC level is altered anytime after initiali , the DLL reset and calibrations must be performed
again after the new set DC level is stable. AC noise of (greater than 20 MHz) is allowed on Vpp provided the

noise doesn’t alter Vpp to less than Vpp i or greatf thaw Vppmax.
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FIGURE 50: RESET AND INITIALIZATION SEQUENCE AT POWER-ON RAMPING
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Notes: 1. ﬁ?me point Td until Tk, a DES command must be applied between MRS and ZQCL
ormhands.

ZI:D
—~L
—
—
—

—

—~L

—

RS commands must be issued to all mode registers that have defined settings.
?3? In general, there is no specific sequence for setting the MRS locations (except for dependent
or co-related features, such as ENABLE DLL in MR1 prior to RESET DLL in MRO,
for example).

4. TEN is not shown; however, it is assumed to be held LOW.
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The following sequence is required for RESET at no power interruption initialization:

1. Assert RESET n below 0.2 x Vpp any time reset is needed (all other inputs may be undefined). RESET must
be maintained for a minimum of 100ns. CKE is pulled LOW before RESET_n is de-asserted (minimum time
10ns).

2. Follow Steps 2 to 7 in the Reset and Initialization Sequence at Power-on Ramping procedure.

When the reset sequence is complete, all counters except the refresh counters have
been reset and the device is ready for normal operation.

FIGURE 51: RESET PROCEDURE AT POWER STABLE CONDITION

Ta Tb Tc Td Te Tf Tg Th Ti

CK_t, CK_c | ﬂ y ‘

o ({ (!
Voo Voo N ‘ | H

PW_RESET_S T=>500ps

RESET_n ‘\ 2 2 2
T (MIN) = 10ns s
, 7 A

MRD ‘MRD ‘MOD ZQinit

DN DTN DEADE DN,
5 A N7 X oo X DX X DX o QWX o X 2D YRR X o

IS

Command /{ /

oDT /{ / 2 2 Static LOW in case R TTINOM) is enabled at time Tg, otherwise static HIGH or LOW 2 Z:%alid %

U U
2 ZTime Break Don't Care

—~L
—
—~L
—
—~L
—

—~L
—

—~L
—

P (( ((

Notes: 1. From time point Td until Tk, a DES command must be applied between MRS and ZQCL
commands.
2. MRS commands must be issued to all mode registers that have defined settings.
3. In general, there is no specific sequence for setting the MRS locations (except for dependent
or co-related features, such as ENABLE DLL in MR1 prior to RESET DLL in MRO,
for example).
4. TEN is not shown; however, it is assumed to be held LOW.
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Programming Mode Registers

Uncontrolled Power-Down Sequence

In the event of an uncontrolled ramping down of Vpp supply, Vpp is allowed to be less than Vpp provided the follow-
ing conditions are met:

* Condition A: Vpp and Vpp/Vppq are ramping down (as part of turning off) from normal operating levels.

* Condition B: The amount that Vpp may be less than Vpp/Vpp(, is less than or equal to 500mV.

* Condition C: The time Vpp may be less than Vpp is £10ms per occurrence with a total accumulated time in this
state <100ms.

e Condition D: The time Vpp may be less than 2.0V and above Vsg while turning off is <15ms per occurrence with a
total accumulated time in this state <150ms.

Programming Mode Registers

For application flexibility, certain functions, features, and modes are prog
provided by the device as user defined variables that must be programg
r

nble in seven mode registers (MRn)
a MODE REGISTER SET (MRS)

; contents of mode registers must be
wer-up and/or reset

command. Because the default values of the mode registers are not def
fully initialized and/or re-initialized; that is, they must be written 4;
for proper operation. The contents of the mode registers can by

of the MRS fields, all address fields within the accessed egister must be redefined when the MRS command
isissued. MRS and DLL RESET commands do not affe contents, which means these commands can be
executed any time after power-up without affecting t ay contents.

The MRS command cycle time, t™MRD, is require r(@ pmplete the WRITE operation to the mode register and is the
minimum time required between the two M ands shown in the t™MRD Timing figure.

Some of the mode register settings affect
MRS command can be allowed when the
These MRS commands don’t apply ¢
MR setting procedures, so refer tA’n

command/control input functionality. In these cases, the next
ion being updated by the current MRS command is completed.

ing to the next MRS command; however, the input cases have unique
ual function descriptions:

* Gear-down mode

e Per-DRAM addressabili

* Maximum power savin%ﬂde

e CS to command/address’latency
e CA parity latency mode

° VREFDQ training value

* VRgrDQ training mode
* VRgrDQ training range

Some mode register settings may not be supported because they are not required by certain speed bins.
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FIGURE 52: TMRD TIMING
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Notes: 1. This timing diagram depicts CA parity mode “dl% case

2. 'MRD applies to all MRS commands with thegfo g exceptions:
Gear-down mode

CA parity mode
CAL mode

Per-DRAM addressability mode
VREerDQ training value, Vrerp

‘\

mode, and VRggpq training range

The MRS command to non

mand delay, ‘™MOD, is required for the DRAM to
update features, except DL

ET. 'MOD is the minimum time required from an MRS

Ke ----» it \ N~ , . \ , Rt et \
; , 7 , 4 /
CK_t —T fffff \\—1 fffff o — - 1 fffff 1 fffff y
[Command i i I 2 I

Address

CKE

Settings Old settings 2 2 Updating settings 2 2 New settings

2 2 Time Break ” Don't Care

Notes: 1. This timing diagram depicts CA parity mode “disabled” case.
2. 'MOD applies to all MRS commands with the following exceptions:
DLL enable, Gear-down mode
VREerDQ training value, internal Vg training monitor, Vregrpq training mode, and Vrgrpq
training range
Maximum power savings mode , Per-DRAM addressability mode, and CA parity mode
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The mode register contents can be changed using the same command and timing requirements during normal
operation as long as the device is in idle state; that is, all banks are in the precharged state with tRP satisfied, all
data bursts are completed, and CKE is HIGH prior to writing into the mode register. If the Rrrnowm) feature is
enabled in the mode register prior to and/or after an MRS command, the ODT signal must continuously be regis-
tered LOW, ensuring Ryt is in an off state prior to the MRS command. The ODT signal may be registered HIGH after
tMOD has expired. If the Rtrnowm) feature is disabled in the mode register prior to and after an MRS command, the
ODT signal can be registered either LOW or HIGH before, during, and after the MRS command. The mode registers
are divided into various fields depending on functionality and modes.

In some mode register setting cases, function updating takes longer than t™MOD. This type of MRS does not apply
MOD timing to the next valid command, excluding DES. These MRS command input cases have unique MR set-
ting procedures, so refer to individual function descriptions.

Not all settings listed may be available on a die; only settings required for speed bin rt are available. MRO is
written by issuing the MRS command while controlling the states of the BGx, BA @w address pins. The map-

ping of address pins during the MRS command is shown in the following MRQyR\Q¥e#Cr
Definition table.

Mode register 0 (MRO) controls various device operating modes as shown in the follt%register definition table.
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Mode Register 0

TABLE 83: ADDRESS PIN MAPPING

Address | BG1|BGO|BA1|BAO|A17 |RAS|CAS| WE |A13|A12|A1T|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n

Mode 21 20|19 |18 | 17 | - - - [ 1312111 |10 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

TABLE 84: MRO REGISTER DEFINITION

Mode
Register |Description

21 RFU A\
0 = Must be programmed to 0

0 = Must be programmed to 0

20:18 MR select @‘
000 = MRO Q~

001 =MR1

010 = MR2 O
011 =MR3 Q
100 = MR4

101 = MR5 \
110 = MR6

111 =DNU P

0 = Must be programmed to 0

1 =Reserved g

13,11:9 WR (WRITE recovery)/RTP ( \O—PRECHARGE)
0000 =10/5 clocks'

0001 =12/6cloc
0010=14/7 clocC
0011=16/8/

0100 =18/ 9 cldkks'

0101 =20/10 clocks
0110=24/12 clocks
0111=22/11 clocks'

1000 =26/ 13 clocks'

1001 through 1111 = Reserved

17 N/A on 4Gb and 8Gb, RFU C)(/'
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TABLE 84: MRO REGISTER DEFINITION (CONTINUED)

Mode
Register |Description
8 DLL reset
0=No
1=Yes
7 Test mode (TM) - Manufacturer use only

0 = Normal operating mode, must be programmed to 0

12,6:4,2 CAS latency (CL) - Delay in clock cycles from the internal READ command to first data-out
00000 = 9 clocks'
00001 =10 clocks

00010 =11 clocks'
00011 =12 clocks :

00100 = 13 clocks'

00101 = 14 clocks &\

00110 =15 clocks'
00111 =16 clocks

01000 = 18 clocks v
01001 =20 clocks
01010 = 22 clocks Q

01011 =24 clocks O

01100 = 23 clocks' Q

01101 =17 clocks’

01110 = 19 clocks’

01111 =21 clocks ! \

10000 = 25 clocks (3DS use only

)
10001 = 26 clocks @Q
10010 = 27 clocks (3DS use only) C}
10011 = 28 clocks
10100 = 29 clocks' %
10101 = 30 clocks ?\
10110 =31 clocks' A
10111 =32 cIocks{'\

3 Burst type (BTWurst ordering within a READ or WRITE burst access
tia

0 = Nibble sequ
1 = Interleave

1:0 Burst length (BL) - Data burst size associated with each read or write access
00 = BL8 (fixed)

01 = BC4 or BL8 (on-the-fly)

10 = BC4 (fixed)

11 =Reserved

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.

Burst Length, Type, and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The ordering of accesses
within a burst is determined by the burst length, burst type, and the starting column address as shown in the fol-
lowing table. Burst length options include fixed BC4, fixed BL8, and on-the-fly (OTF), which allows BC4 or BL8 to
be selec-ted coincidentally with the registration of a READ or WRITE command via A12/BC_n.
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TABLE 85: BURST TYPE AND BURST ORDER

Mode Register 0

Note 1 applies to the entire table

rst.

vy

Startin
Burst READ/ Column Ad?iress Burst Type = Sequential Burst Type = Interleaved

Length WRITE (A[2,1,0]) (Decimal) (Decimal) Notes
BC4 READ 000 1,2,3,0,T,T,T,T 0,1,2,3T,T,TT 2,3
001 1,2,3,0,T,T,T,T 1,0,3,2T,T,T,T 2,3
010 2,3,0,1,T,T,T, T 2,3,0,1,TTTT 2,3
011 3,0,1,2T,T,T,T 3,2,1, QBN T 2,3
100 4,56,7,T,T,T,T 4,56, Y. T, T 2,3
101 567,4TTTT ONTTTTT 2,3
110 6,7,4,5T,T,T,T - N, 4,5T,T,T,T 2,3
111 7,4,5,6,T,T,T,T \Y 7.654TTTT 2,3
WRITE 0,V,V 0.1,23XXXX NN 01,23XXXX 2,3
1,V,V, 4,56,7,% %X XN T 4,5,6,7,% X, X, X 2,3

BLS READ 000 0123455 ) 0,1,2,3,4,56,7

001 1,2,3,0, /4 1,0,3,2,5,4,7,6

010 2,3,(\&5 2,3,0,1,6,7,4,5

011 3R, V,4,5,6 3,2,1,0,7,6,54

100 I N)7.01,23 4,5,6,7,0,1,2,3

101 AN 6,7,4,1,2,3,0 5,4,7,6,1,0,3,2

110 6.7,4,5,2,3,0,1 6.7,4,5,2,3,0,1

111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0

WRITE vV N 0,1,2,3,4,56,7 0,1,2,3,4,56,7 3
Notes:

\J
@bit number is the value of CA[2:0] that causes this bit to be the first read during a

When setting burst length to BC4 (fixed) in MRO, the internal WRITE operation starts
two clock cycles earlier than for the BL8 mode, meaning the starting point for '"WR and

'WTR will be pulled in by two clocks. When setting burst length to OTF in MRO, the internal
WRITE operation starts at the same time as a BL8 (even if BC4 was selected during
column time using A12/BC4_n) meaning that if the OTF MRO setting is used, the starting
point for 'WR and 'WTR will not be pulled in by two clocks as described in the BC4

(fixed) case.

3. T = Output driver for data and strobes are in High-Z.
V = Valid logic level (0 or 1), but respective buffer input ignores level on input pins.

X =“Don’t Care.”

CAS Latency

The CAS latency (CL) setting is defined in the MRO Register Definition table. CAS laten-cy is the delay, in clock
cycles, between the internal READ command and the availability of the first bit of output data. The device does not
support half-clock latencies. The overall read latency (RL) is defined as additive latency (AL) + CAS latency (CL): RL

=AL + CL.
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Test Mode

The normal operating mode is selected by MRO[7] and all other bits set to the desired values shown in the MRO
Register Definition table. Programming MRO[7] to a value of 1 places the device into a DRAM manufacturer-de-

fined test mode to be used only by the manufacturer, not by the end user. No operations or functionality is speci-
fied if MRO[7]
=1.

Write Recovery (WR) / READ-to-PRECHARGE

The programmed write recovery (WR) value is used for the auto precharge feature alo
DAL. WR for auto precharge (MIN) in clock cycles is calculated by dividing 'WR (in
ing up to the next integer: WR (MIN) cycles = roundup (tWR[ns]/!CK[ns]). The must be programmed to
be equal to or larger than 'WR (MIN). When both DM and write CRC are enable. mode register, the device
calculates CRC before sending the write data into the array; 'WR values will gan® when enabled. If there is a CRC
error, the device blocks the WRITE operation and discards the data.

Internal READ-to-PRECHARGE (RTP) command delay for auto prechar E: IN) in clock cycles is calculated by

with tRP to determine
{CK (in ns) and round-

dividing tRTP (in ns) by ‘CK (in ns) and rounding up to the next in (MIN) cycles = roundup (tRTP[ns]/
{CK[ns]). The RTP value in the mode register must be programm equal to or larger than RTP (MIN). The
programmed RTP value is used with ‘RP to determine the ACTflin\% to the same bank.

&

The DLL reset bit is self-clearing, meaning turns to the value of 0 after the DLL RESET function has been
issued. After the DLL is enabled, a subseg ntJDLL RESET should be applied. Any time the DLL RESET function is

used, 'DLLK must be met before functi equiring the DLL can be used, such as READ commands or synchro-
nous ODT operations, for example,

Mode register 1 (MR1) contro us device operating modes as shown in the following register definition table.

Not all settings listed may b lable on a die; only settings required for speed bin support are available. MR1 is
written by issuing the MR and while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins duringjthe MRS command is shown in the following MR1 Register Definition table.
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Mode Register 1

TABLE 86: ADDRESS PIN MAPPING

Address | BG1|BGO | BA1|BAO|A17 | RAS|CAS| WE |A13|A12|A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus nj|_n| _n

Mode 211 20| 1918 | 17 | - - - [ 1311211 |10] 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

TABLE 87: MR1 REGISTER DEFINITION

Mode
Register |Description r\

21 RFU \\J
0 = Must be programmed to 0 &
1 =Reserved b~

20:18 MR select \
000 = MRO Q

001 = MR1
010 =MR2 O
011 = MR3 Q
100 = MR4
101 = MR5 %
110 =MR6 \
111 =DNU /O
17 N/A on 4Gb and 8Gb, RFU (O"
0 = Must be programmed to 0 C}

1 =Reserved

13 RFU

0 = Must be programr@?

1 =Reserved
12 Data output disag (Qoff) - Output buffer disable

0 =Enabled (n eration)
1 = Disabled (bo ODI and RTT+y)

11 Termination data strobe (TDQS) - Additional termination pins (x8 configuration only)
0=TDQS disabled
1=TDQS enabled
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TABLE 87: MR1 REGISTER DEFINITION (CONTINUED)

Mode
Register Description

10,9, 8 Nominal ODT (Rtr(nom) — Data bus termination setting
000 = Ryrnyow) disabled

001 =RZQ/4 (60 ohm)

010 =RZQ/2 (120 ohm)

011 =RZQ/6 (40 ohm)

100 = RZQ/1 (240 ohm)

101 =RZQ/5 (48 ohm)

110 = RZQ/3 (80 ohm)

111 =RZQ/7 (34 ohm) “~

7 Write leveling (WL) — Write leveling mode $
0 = Disabled (normal operation) O
1 =Enabled (enter WL mode) 1\

6,5 RFU N\
0 = Must be programmed to 0 ?N
1 =Reserved § ;>

4,3 Additive latency (AL) - Command additive latency setting
00 =0 (AL disabled) Q

01=CL-1" QO

10=CL-2
11 = Reserved A
2,1 Output driver impedance (ODI) - Output driv%pedance setting

00 =RZQ/7 (34 ohm)

11 = Reserved N

01 = RZQ/5 (48 ohm) Q
10 = Reserved (Although not JEDECCQ edlind not tested, this setting will provide RZQ/6 or 40 ohm)

0 DLL enable - DLL enable fea@
0 =DLL disabled
1 =DLL enabled (nornEI ation)

Note: Oot allowed when 1/4 rate gear-down mode is enabled.

\/
DLL Enable/DLL Disable

The DLL must be enabled for normal operation and is required during power-up initialization and upon returning
to normal operation after having the DLL disabled. During normal operation (DLL enabled with MR1[0]) the DLL
is automatically disabled when entering the SELF REFRESH operation and is automatically re-enabled upon exit of
the SELF REFRESH operation. Any time the DLL is enabled and subsequently reset, 'DLLK clock cycles must occur
before a READ or SYNCHRONOUS ODT command can be issued to allow time for the internal clock to be synchro-
nized with the external clock. Failing to wait for synchronization to occur may result in a violation of the '{DQSCK,
YAON, or 'AOF parameters.

During 'DLLK, CKE must continuously be registered HIGH. The device does not require DLL for any WRITE opera-
tion, except when Rrr(wr is enabled and the DLL is required for proper ODT operation.
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The direct ODT feature is not supported during DLL off mode. The ODT resistors must be disabled by continuously
registering the ODT pin LOW and/or by programming the RTT(NOM) bits MR1[9,6,2] = 000 via an MRS command
during DLL off mode.

The dynamic ODT feature is not supported in DLL off mode; to disable dynamic ODT externally, use the MRS com-
mand to set RTT(WR), MR2[10:9] = 00

Output Driver Impedance Control

The output driver impedance of the device is selected by MR1[2,1], as shown in the MR1 Register Definition table.

ODT Ryrnom) Values

The device is capable of providing three different termination values: Ryrstatic) Rrrovoz, and Rrrwr). The nomi-
nal termination value, Rrr(nom), is programmed in MR1. A separate value, R wi=QNY Be programmed in MR2
to enable a unique Ry value when ODT is enabled during WRITE operations. Th @ (wr) value can be applied
during WRITE commands even when Ryrnowm) is disabled. A third Ryt value Ntatic), is programed in MR5.
RrT(static) Provides a termination value when the ODT signal is LOW. &

Additive Latency
\/

The ADDITIVE LATENCY (AL) operation is supported to make Qand and data buses efficient for sustainable
bandwidths in the device. In this operation, the device allow; @ D or WRITE command (either with or without
auto precharge) to be issued immediately after the ACTIV, %ommand. The command is held for the time of AL
before it is issued inside the device. READ latency (RL) § olled by the sum of the AL and CAS latency (CL)
register settings. WRITE latency (WL) is controlled by ﬂ\ um of the AL and CAS WRITE latency (CWL) register set-

tings. ’

TABLE 88: ADDITIVE LATENCY (AL) S©iTh 'S

A4 \./ A3 AL
0 0 (AL disabled)
0 \Y 1 cL-1
1 ~ 0 cL-2

1 %} 1 Reserved
Note:¥ 1. AL has a value of CL - 1 or CL - 2 based on the CL values programmed in the MRO register.

Write Leveling

For better signal integrity, fly-by topology is frequently used for the commands, addresses, control signals, and
clocks. Fly-by topology benefits from a reduced number of stubs and their lengths, but it causes flight-time skew
between clock and strobe at every DRAM on the DIMM. This makes it difficult for the controller to maintain ‘DQSS,
DSS, and 'DSH specifications. Therefore, the device supports a write leveling feature that allows the controller to
compensate for skew.

Output Disable

The device outputs may be enabled/disabled by MR1[12] as shown in the MR1 Register Definition table. When
MR1[12] is enabled (MR1[12] = 1) all output pins (such as DQ and DQS) are disconnected from the device, which
removes any loading of the output drivers. For example, this feature may be useful when measuring module power.
For normal operation, set MR1[12] to 0.
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Mode Register 2

Mode register 2 (MR2) controls various device operating modes as shown in the following register definition table.
Not all settings listed may be available on a die; only settings required for speed bin support are available. MR2 is
written by issuing the MRS command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR2 Register

Definition table.

TABLE 89: ADDRESS PIN MAPPING

Address | BG1|BGO | BA1|BAO|A17 |RAS|CAS| WE |A13|A12|A1T|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n
Mode 21120 | 19|18 | 17 | - - - | 1311211 ]10]| 9 8 7 6 5 4 3 2 1 0
register N
Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODI@&STER SET command.

MR2 REGISTER DEFINITION

TABLE 90:

Mode
Register

Description

RFU
0 = Must be programmed to 0
1 =Reserved

MR select
000 = MRO
001 =MR1
010 = MR2
011=MR3
100 = MR4
101 = MR5
110 = MR6
111=DNU

N/A on 4Gb and 86!:.%‘
0 = Must be progr@ 0

1 =Reserved P

21

20:18

TRR mode

0 = Disabled

1 =Enabled

WRITE data bus CRC

0 = Disabled
1 =Enabled
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TABLE 90: MR2 REGISTER DEFINITION (CONTINUED)

Mode
Register |Description

11:9 Dynamic ODT (Rrr(wg)) — Data bus termination setting during WRITEs
000 = Ryywr) disabled (WRITE does not affect Rty value)

001 =RZQ/2 (120 ohm)

010 =RZQ/1 (240 ohm)

011 = High-Z

100 = RZQ/3 (80 ohm)

101 = Reserved

110 = Reserved

111 = Reserved

AN
7:6 Low-power auto self refresh (LPASR) - Mode summary $
00 = Manual mode - Normal operating temperature range (Tc: 0°C-85°C) O

01 = Manual mode - Reduced operating temperature range (Tc: 0°C-45°C) \

10 = Manual mode - Extended operating temperature range (T¢: 0°C-95°C) &

11 = ASR mode - Automatically switching among all modes

53 CAS WRITE latency (CWL) - Delay in clock cycles from the internal@‘ommand to first data-in

1* CK WRITE preamble
000 = 9 (DDR4-1600)' Q‘
001 =10 (DDR4-1866) O
010 =11 (DDR4-2133/1600)’ Q

011 =12 (DDR4-2400/1866)

100 = 14 (DDR4-2666/2133)

101 = 16 (DDR4-2933,3200/2400) \

110 = 18 (DDR4-2666) Q

111 =20 (DDR4-2933, 3200) ,

CAS WRITE latency (CWL) - Delay inflocls & cles from the internal WRITE command to first data-in

2'CK WRITE preamble

000 =N/A

001 = N/A ?*
010 =N/A A

011 =N/A Q
100=14 (DDR4-2?

101 = 16 (DDR4-2686/2400)
110 = 18 (DDR4-2933, 3200/2666)
111 =20 (DDR4-2933, 3200)

8,2 TRR mode - BGn control
00=BG0
01 =BGI1
10 =BG2
11 =BG3

1:0 TRR mode - BAn control
00 =BA0
01 =BA1
10 =BA2
11 =BA3

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.
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CAS WRITE Latency

CAS WRITE latency (CWL) is defined by MR2[5:3] as shown in the MR2 Register Definition table. CWL is the delay,
in clock cycles, between the internal WRITE command and the availability of the first bit of input data. The device
does not support any half-clock latencies. The overall WRITE latency (WL) is defined as additive latency (AL) + par-
ity latency (PL) + CAS WRITE latency (CWL): WL = AL +PL + CWL.

Low-Power Auto Self Refresh

Low-power auto self refresh (LPASR) is supported in the device. Applications requiring SELF REFRESH operation
over different temperature ranges can use this feature to optimize the IDD6 current for a given temperature range

as specified in the MR2 Register Definition table. s

Dynamic ODT

In certain applications and to further enhance signal integrity on the dgta
nation strength of the device without issuing an MRS command. Thi
ODT (Rttwr)) settings in MR2[11:9]. In write leveling mode, only@

it is desirable to change the termi-
e done by configuring the dynamic
) is available.

Write Cyclic Redundancy Check Data Bus

The write cyclic redundancy check (CRC) data bus fe during writes has been added to the device. When ena-
bled via the mode register, the data transfer size frotn the normal 8-bit (BL8) frame to a larger 10-bit UT frame,
and the extra two Uls are used for the CRC infg, n.

Target Row Refresh Mode

For the device, rows can be access ‘ imited number of times within a certain time period before adjacent rows
require refresh. The maximu Qte count (MAC) is the maximum number of activates that a single row can
sustain within a time intervaof §qual to or less than the maximum activate window (‘MAW) before the adjacent
rows need to be refreshed ess of how the activates are distributed over tMAW. The row receiving the exces-
sive activates is the target rfw (TRn); the two adjacent rows to be refreshed are the victim rows.

When the MAC limit is reached on TRn, either the device must receive (roundup of t™MAW / 'REFI) REFRESH com-
mands (REF) before another row activate is issued, or it needs to be placed into targeted row refresh (TRR) mode.
The TRR mode will refresh the rows adjacent to the TRn that encountered the MAC limit. There could be one or
two target rows in a bank associated to one victim row. The cumulative value of the activates from two target rows
on a victim row should not exceed the MAC value as well. When the temperature controlled refresh (TCR) mode is
enabled, 'MAW should be adjusted depending on the TCR range as shown in the following table.

Using TRR mode is not required, and in some cases has been rendered inoperable, as the device automatically
performs TRR Mode in the background.
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Mode Register 3

Mode register 3 (MR3) controls various device operating modes as shown in the following register definition table.
Not all settings listed may be available on a die; only settings required for speed bin support are available. MR3 is
written by issuing the MRS command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR3 Register Definition table.

TABLE 91: ADDRESS PIN MAPPING

Address | BG1|BGO|BA1|BAO|A17 |RAS|CAS|WE |A13|A12|A1T|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_nj|_n

Mode 21120 | 19| 18 | 17 - - - 13 112 1 10 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODEf RSTER SET command.

TABLE 92: MR3 REGISTER DEFINITION

Mode \/
Register |Description <\
21 RFU N\

0 = Must be programmed to 0
1 =Reserved O

20:18 MR select Y
000 = MRO %
001 = MR1 \

010 = MR2

011=MR3 Q
100 = MR4 C}

101 = MRS
110 = MR6 %
111 =DNU

17 N/A on 4Gb and BGbﬂ

0 = Must be progr 0
1 =Reserved

13 ?‘
0 Must be progfammed to 0
1 =Reserved

12:11 Multipurpose register (MPR) - Read format
00 = Serial

01 = Parallel

10 = Staggered

11 = Reserved

10:9 WRITE CMD latency when CRC/DM enabled
00 = 4CK (DDR4-1600)

01 =5CK (DDR4-1866/2133/2400)

10 = 6CK (DDR4-2666/2933/3200)

11 =Reserved
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TABLE 92: MR3 REGISTER DEFINITION (CONTINUED)

Mode
Register |Description

8:6 Fine granularity refresh mode
000 = Normal mode (fixed 1x)
001 = Fixed 2x

010 = Fixed 4x

011 = Reserved

100 = Reserved

101 = On-the-fly 1x/2x

110 = On-the-fly 1x/4x

111 =Reserved ~
5 Temperature sensor status $
0 = Disabled O
1 =Enabled
. AN
4 Per-DRAM addressability \

0=1[1:1]; (1/2 rate data)

0 = Normal operation (disabled) ?N
1 =Enable @

3 Gear-down mode - Ratio of internal clock to external data @

1=1[2:1]; (1/4 rate data)

p4
2 Multipurpose register (MPR) access EY

0 = Normal operation
1 = Data flow from MPR

1:0 MPR page select

00 = Page 0 @Q

01 =Page 1

10 =Page 2
11 = Page 3 (restricted for DR/S&ufacturer use only)
N\

Multipurpose Register

The multipurpose registev is used for several features:

* Readout of the contents o¥the MR#n registers

* WRITE and READ system patterns used for data bus calibration

* Readout of the error frame when the command address parity feature is enabled

To enable MPR, issue an MRS command to MR3[2] = 1. MR3[12:11] define the format of read data from the MPR.
Prior to issuing the MRS command, all banks must be in the idle state (all banks precharged and ‘RP met). After
MPR is enabled, any subsequent RD or RDA commands will be redirected to a specific mode register.

The mode register location is specified with the READ command using address bits. The MR is split into upper and
lower halves to align with a burst length limitation of 8. Power-down mode, SELF REFRESH, and any other nonRD/
RDA or nonWR/WRA commands are not allowed during MPR mode. The RESET function is supported during MPR
mode, which requires device re-initialization.
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WRITE Command Latency When CRC/DM is Enabled

The WRITE command latency (WCL) must be set when both write CRC and DM are enabled for write CRC per-
sistent mode. This provides the extra time required when completing a WRITE burst when write CRC and DM are
enabled.

Fine Granularity Refresh Mode

This mode had been added to DDR4 to help combat the performance penalty due to refresh lockout at high densi-

ties. Shortening 'RFC and increasing cycle time allows more accesses to the chip and can produce higher band-
width.

Temperature Sensor Status

This mode directs the DRAM to update the temperature sensor status at MPR P, _Q\ PRO [4,3]. The temperature
sensor setting should be updated within 32ms; when an MPR read of the temge™\Te sensor status bits occurs, the
temperature sensor status should be no older than 32ms.

v

@ oviding any device in a rank (devices sharing
dividually. As an example, this feature can be used
ithin a given rank.

Per-DRAM Addressability

This mode allows commands to be masked on a per device
the same command and address signals) to be program
to program different ODT or VREF values on DRAM de

N

Gear-Down Mode

The device defaults in 1/2 rate (1N) cloc
to align the proper clock edge for oper.
operation in 1/2 rate mode, no MR

!

§

w0dg and uses a low frequency MRS command followed by a sync pulse
e control lines CS_n, CKE, and ODT when in 1/4 rate (2N) mode. For
and or sync pulse is required.
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Mode Register 4

Mode register 4 (MR4) controls various device operating modes as shown in the following register definition table.
Not all settings listed may be available on a die; only settings required for speed bin support are available. MR4 is
written by issuing the MRS command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR4 Register Definition table.

TABLE 93: ADDRESS PIN MAPPING

Address | BG1|BGO | BA1|BAO | A17 |[RAS | CAS | WE | A13|A12 [A11|AT0| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n

Mode 21|20 | 19| 18|17 | - - - |13 ]122|11]10] 9 8 7 6 5 4 3 2 1 0
register

AN
Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MOD II RSTER SET (MRS) command.

TABLE 94: MR4 REGISTER DEFINITION

Mode \/
Register |Description

W
21 RFU N\
0 = Must be programmed to 0 O

1 =Reserved Y/

20:18 MR select Y
000 = MRO %
001 = MR1 \

010 = MR2 Q

011 = MR3

100 = MR4 C}

101 = MRS
110 = MR6 %
111 =DNU

17 N/A on 4Gb and BGbﬁ

0 = Must be progr 0
1 =Reserved
13 Post Package %YPPR mode)
0 = Disabled
1 =Enabled
12 WRITE preamble setting

0= 1'CK toggle'
1=2'CKtoggle

1 READ preamble setting

0=1tCK toggle'

1 =2'CKtoggle (When operating in 2t CK WRITE preamble mode, CWL must be programmed to a value at
least 1 clock greater than the lowest CWL setting supported in the applicable 'CK range.)

10 READ preamble training
0 = Disabled
1 =Enabled
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TABLE 94: MR4 REGISTER DEFINITION (CONTINUED)

Mode
Register |Description

9 Self refresh abort mode
0 = Disabled
1 =Enabled

8:6 CMD (CAL) address latency
000 = 0 clocks (disabled)

001 =3 clocks'

010 =4 clocks

011 =5 clocks’

100 = 6 clocks
101 = 8 clocks %
110 = Reserved O
111 = Reserved 1\

5 soft Post Package Repair (sPPR mode) '\ M
0 = Disabled

1 =Enabled @E
4 Internal Vggr monitor
0 = Disabled
1 =Enabled

y4
3 Temperature controlled refresh mode Y
0 = Disabled \%

1 =Enabled

2 Temperature controlled refresh range Q
0 = Normal temperature mode

1 = Extended temperature mode Vol

1 Maximum power savings mod V
0 = Normal operation
1 =Enabled 4

0 RFU ~)

0 = Must be progr. dto0

1 =Reserved ?

1

Note: . Not allowed when 1/4 rate gear-down mode is enabled.
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WRITE Preamble

Programmable WRITE preamble, '‘WPRE, can be set to 1'CK or 2'CK via the MR4 register. The 1!CK setting is similar
to DDR3. However, when operating in 2{CK WRITE preamble mode, CWL must be programmed to a value at least 1
clock greater than the lowest CWL setting supported in the applicable 'CK range.

READ Preamble

Programmable READ preamble ‘RPRE can be set to 1'CK or 2'CK via the MR4 register. Both the 1!CK and 2'CK
DDR4 preamble settings are different from that defined for the DDR3 SDRAM. Both DDR4 READ preamble settings
may require the memory controller to train (or read level) its data strobe receivers using the READ preamble train-
ing.

When operating in 21ICK WRITE preamble mode, CWL must be programmed to a tleast 1 clock greater than
the lowest CWL setting supported in the applicable 'CK range. Some even setti require addition of 2 clocks.
If the alternate longer CWL was used, the additional clocks will not be requipgl. N\

READ Preamble Training

Programmable READ preamble training can be set to 1'CK or 2{CRA
ler to train or READ level its data strobe receivers. .

mode can be used by the memory control-

Temperature- Controlled Refresh

When temperature-controlled refresh mode is enabled\{¥ device may adjust the internal refresh period to be
longer than ‘REFI of the normal temperature ra skipping external REFRESH commands with the proper gear
ratio. For example, the DRAM temperature se N#ected less than 45°C. Normal temperature mode covers the
range of 0°C to 85°C, while the extended te@ re range covers 0°C to 95°C.

Command Address Latency

COMMAND ADDRESS LATENG(QAY) is a power savings feature and can be enabled or disabled via the MRS
setting. CAL is defined as thy in clock cycles ({CAL) between a CS_n registered LOW and its corresponding
registered command and RGNS The value of CAL (in clocks) must be programmed into the mode register and is
based on the roundup (in §bcks) of [{CK(ns)/!CAL(ns)].

Internal VREF Monitor

The device generates its own internal Vrgrpq. This mode may be enabled during Vyggp( training, and when ena-
bled, VRrgEtime-short aNd VREEtime-long N€€d to be increased by 10ns if DQO, DQ1, DQ2, or DQ3 have OpF loading. An
additional 15ns per pF of loading is also needed.

Maximum Power Savings Mode

This mode provides the lowest power mode where data retention is not required. When the device is in the maxi-
mum power saving mode, it does not need to guarantee data retention or respond to any external command (ex-
cept the MAXIMUM POWER SAVING MODE EXIT command and during the assertion of RESET_n signal LOW).
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Mode Register 5

Mode register 5 (MR5) controls various device operating modes as shown in the following register definition table.
Not all settings listed may be available on a die; only settings required for speed bin support are available. MR5 is
written by issuing the MRS command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR5 Register Definition table.

TABLE 95: ADDRESS PIN MAPPING

Address | BG1|BGO | BA1|BAO|A17 |RAS|CAS| WE |A13|A12|A1T|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n

Mode 2120|1918 | 17 | - - - [ 13|12 (11|10 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODEf RSTER SET command.

TABLE 96: MR5 REGISTER DEFINITION

Mode \/
Register |Description &\
21 RFU N\

0 = Must be programmed to 0
1 =Reserved O

20:18 MR select Y
000 = MRO %
001 =MR1 \
010 =MR2

100 = MR4 C}

101 = MR5
110 = MR6 %
111 =DNU

17 N/A on 4Gb and BGbﬂ

0 = Must be progr 0
1 =Reserved

13 ?‘
0 Must be progfammed to 0

1 =Reserved

12 Data bus inversion (DBI) - READ DBI enable
0 = Disabled
1 =Enabled

1 Data bus inversion (DBI) - WRITE DBI enable
0 = Disabled
1 =Enabled

10 Data mask (DM)
0 = Disabled
1 =Enabled
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TABLE 96: MR5 REGISTER DEFINITION (CONTINUED)

Mode
Register |Description

9 CA parity persistent error mode
0 = Disabled
1 =Enabled
8:6 Parked ODT value (TT(Park))

000 = RTI'(Park) disabled
001 =RZQ/4 (60 ohm)
010 =RZQ/2 (120 ohm)
011 =RZQ/6 (40 ohm)

100 = RZQ/1 (240 ohm)
101 = RZQ/5 (48 ohm) é
110 = RZQ/3 (80 ohm) O
111 =RZQ/7 (34 ohm) 1\

5 ODT input buffer for power-down '\ M
0 = Buffer enabled

1 = Buffer disabled @E
4 CA parity error status Q

0 =Clear
1 =Error Y,
3 CRC error status Y o
0=Clear %
1 =Error \
2:0 CA parity latency mode

000 = Disable Q
001 =4 clocks (DDR4-1600/1 866/21()}

(
010 = 5 clocks (DDR4-2400)"
011 =6 clocks (DDR4-2666)
100 = 8 clocks (DDR4-2933
101 = Reserved

110 = Reserved
111 = Reserved O
y -

Note:E 1. Not allowed when 1/4 rate gear-down mode is enabled.

Data Bus Inversion

The DATA BUS INVERSION (DBI) function has been added to the device and is supported only for x8 and x16
configurations (x4 is not supported). The DBI function shares a common pin with the DM and TDQS functions.
The DBI function applies to both READ and WRITE operations; Write DBI cannot be enabled at the same time the
DM function is enabled. Refer to the TDQS Function Matrix table for valid configurations for all three functions
(TDQS/DM/DBI). DBI is not allowed during MPR READ operation; during an MPR read, the DRAM ignores the
read DBI enable setting in MR5 bit A12. DBI is not allowed during MPR READ operations.
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Data Mask

The DATA MASK (DM) function, also described as a partial write, has been added to the device and is supported
only for x8 and x16 configurations (x4 is not supported). The DM function shares a common pin with the DBI and
TDQS functions. The DM function applies only to WRITE operations and cannot be enabled at the same time the
write DBI function is enabled. Refer to the TDQS Function Matrix table for valid configurations for all three func-
tions (TDQS/DM/DBI).

CA Parity Persistent Error Mode

Normal CA parity mode (CA parity persistent mode disabled) no longer performs CA parity checking while the par-
ity error status bit remains set at 1. However, with CA parity persistent mode enabled, & parity checking contin-
ues to be performed when the parity error status bit is set to a 1.

ODT Input Buffer for Power-Down

This feature determines whether the ODT input buffer is on or off dug '\‘0 er-down. If the input buffer is config-
ured to be on (enabled during power-down), the ODT input signa ) NP at a valid logic level. If the input buffer
is configured to be off (disabled during power-down), the ODT jng tnal may be floating and the device does not
provide Rrr(nyom) termination. However, the device may proyi @ T(Park) termination depending on the MR set-
tings. This is primarily for additional power savings. Q

CA Parity Error Status

CRC Error Status

The device will set the error @ b bit to 1 upon detecting a CRC error. The CRC error status bit remains set at 1
until the device controller Q¥p¥1it explicitly using an MRS command.

CA Parity Latency Mode

CA parity is enabled when a latency value, dependent on tCK, is programmed; this accounts for parity calculation
delay internal to the device. The normal state of CA parity is to be disabled. If CA parity is enabled, the device must
ensure there are no parity errors before executing the command. CA parity signal (PAR) covers ACT_n, RAS_n/Al6,
CAS_n/A15, WE_n/A14, and the address bus including bank address and bank group bits. The control signals CKE,
ODT, and CS_n are not included in the parity calculation.
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Mode Register 6

Mode register 6 (MR6) controls various device operating modes as shown in the following register definition table.
Not all settings listed may be available on a die; only settings required for speed bin support are available. MR6 is
written by issuing the MRS command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR6 Register Definition table.

TABLE 97: ADDRESS PIN MAPPING

Address | BG1|BGO | BA1|BAO|A17 |RAS|CAS| WE |A13|A12|A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_nj| _n

Mode 21120 | 19| 18 | 17 - - - 13 112 11 10 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODEf RSTER SET command.

TABLE 98: MR6 REGISTER DEFINITION

Mode \/
Register |Description <\
21 RFU A

0 = Must be programmed to 0
1 =Reserved O

20:18 MR select Y
000 = MRO %
001 = MR1 \
010 =MR2

011=MR3 Q
100 = MR4 C}

101 = MRS
110 = MR6 %
111=DNU

17 NA on 4Gb and 8Gb, %

0 = Must be progr 0
1 = Reserved

13 ?“
O Must be progfammed to 0
1 =Reserved

12:10 tCCD_L

000 =4 clocks (<1333 Mb/s)

001 =5 clocks (>1333 Mb/s and <1866 Mb/s
010 =6 clocks (>1866 Mb/s and <2400 Mb/s
011 =7 clocks (>2400 Mb/s and <2666 Mb/s
100 = 8 clocks (>2666 Mb/s and <3200 Mb/s
101 = Reserved

110 = Reserved

111 = Reserved

)
)
)
)
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TABLE 98: MR6 REGISTER DEFINITION (CONTINUED)

Mode
Register |Description
9,8 RFU
0 = Must be programmed to 0
1 =Reserved
7 Vger Calibration Enable
0 = Disable
1 =Enable
6 Vger Calibration Range
0=Range 1
1 =Range 2
5:0 Vger Calibration Value
See the Vperpg Range and Levels table in the Vgerpg Calibration section ‘\O

'CCD_L Programming

The device controller must program the correct tCCD_L value. 'C ’\“- ill be programmed according to the value

defined per operating frequency in the AC parameter table. Al JEDEC specifies the larger of 5nCK or Xns,
Micron’s DRAM supports the larger of 4nCK or Xns. Q

Vkerpo Calibration Enable

VRErDQ calibration is where the device intern{l’gf¥ierates its own Vgrgpp( to be used by the DQ input receivers.

The Vrgrpq value will be output on any D@of [W[3:0] for evaluation only. The device controller is responsible for
setting and calibrating the internal Vypp\%&#€1 using an MRS protocol (adjust up, adjust down, and so on). It is
assumed that the controller will use a of writes and reads in conduction with Vggrpq adjustments to opti-
mize and verify the data eye. Enﬂ%EFDQ calibration must be used whenever values are being written to the

MR616:0] register.
O
Vzerpo Calibration Rar.ge

The device defines two Vgyggp( calibration ranges: Range 1 and Range 2. Range 1 supports VRgrp between 60%
and 92% of Vppq while Range 2 supports Vrgrpg between 45% and 77% of Vppq, as seen in Vggrpq Specification
table. Although not a restriction, Range 1 was targeted for module-based designs and Range 2 was added to target
pointto-point designs.

Vrkerng Calibration Value

Fifty settings provide approximately 0.65% of granularity steps sizes for both Range 1 and Range 2 of Vrgrpq, as
seen in Vreppq Range and Levels table in the Vygrpq Calibration section.
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TABLE 99: COMMAND TRUTH TABLE
Notes 1-5 apply to the entire table; Note 6 applies to all READ/WRITE commands
2 2 s c -
3 AR AR A R AR B
E |prev.|Pres.| ¥ E :' :' :I 0] < S ~ s 2 %
Function v CKE | CKE = g = @ @ < < Notes
MODE REGISTER SET MRS H H L H L L L BG | BA Vv OP code 7
REFRESH REF H H L H L L H % Vv % % Y
Self refresh entry SRE H L L H L L H % % Y % % Y 8,9,10
Self refresh exit SRX L H H X X X X X X X X X X X 8,9,10
L H H H H Vv Vv Y Vv v v "
Single-bank PRECHARGE PRE H H L H L H L BG | BA ﬁ\ % L Y
PRECHARGE all banks PREA H H L H L H L Vv VeV Vv % H Vv
Reserved for future use RFU H H L H L H H A \v RFU
Bank ACTIVATE ACT H H L L Row Address (RA) BG° Bh \Y Row Address (RA)
WRITE BLS fixed, BC4 fixed WR H H L H H L L | & A Y Vv % L CA
BC40TF WRS4 | H H L H H L L CNTBA Vv L % L CA
BL8OTF WRS8 | H H L H H L G | BA Vv H % L CA
WRITE BLS fixed, BC4 fixed WRA H H L H H LN BG | BA Y Vv % H CA
withauto  (BC40TF WRAS4 | H H L H H L BG BA % L v H CA
precharge g go7F WRAS8 | H H L H H\@ L | BG | BA | Vv H Vv H | cA
READ BLS fixed, BC4 fixed RD H H L Ho | Q= H | Bc | BA | Vv v Vv L | ca
BC40TF RDS4 H H L H L H BG | BA Vv L % L CA
BL8OTF RDS8 H H L H L H BG | BA Vv H % L CA
READ BLS fixed, BC4 fixed RDA H H y H L H BG | BA Y Vv % H CA
withauto  (BC40TF RDAS4 | H H H L H BG | BA % L % H CA
precharge g gao7F RDASS | H HaN\LL H H L H | BG | BA | Vv H v H | cA
NO OPERATION NOP [ H [T H H H H v v v v Vv Vv v 12
Device DESELECTED DES H % H X X X X X X X X X X X 13
Power-down entry PDE \SK L H X X X X X X X X X X X 10,14
Power-down exit Pl(\ H H X X X X X X X X X X X 10,14
ZQ CALIBRATION LONG 7Q H H L H H H L X X X X X H X
ZQ CALIBRATION SHORT ?s H H L H H H L X X X X X L X
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Truth Table Notes

Notes: 1.

STACKED Technologies Incorporated

. Controller

ST9D4512M40DBGO

¢ BG = Bank group address
e BA =Bank address

¢ RA = Row address

e CA = Column address

e BC_n =Burst chop

e X="Don't Care”

e V =Valid

. All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/

A15, WE_n/A14, and CKE at the rising edge of the clock. The MSB of BG, BA, RA, and CA
are device density- and configuration-dependent. When ACT_n = H, pins RAS_n/A16,
CAS_n/A15, and WE_n/A14 are used as command pins RAS_n, CAS_n, and WE_n, respec-
tively. When ACT_n =L, pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are used as address
pins A16, A15, and A14, respectively.

RESET_n is enabled LOW and is used only for asynchron et and must be maintained
HIGH during any function.

Bank group addresses (BG) and bank addresses (BQ @mine which bank within a bank

group is being operated upon. For MRS comm BG and BA selects the specific

mode register location.
.V means HIGH or LOW (but a defined logi Wnd X means either defined or unde-

fined (such as floating) logic level.

READ or WRITE bursts cannot be te ated or interrupted, and fixed/on-the-fly (OTF)
BL will be defined by MRS.

During an MRS command, A1 i and is device density- and configuration-depend-
ent.

The state of ODT does n the states described in this table. The ODT function is
not available during se esh.

VPP and VREF (VR Q) must be maintained during SELF REFRESH operation.
Refer to the Tr % — CKE table for more details about CKE transition.
%s self refresh exit to be synchronous. DRAM implementation has the
choice of efthergsynchronous or asynchronous.
ION (NOP) command may be used only when exiting maximum power
€ or when entering gear-down mode.

ower-down mode does not perform any REFRESH operation.

. TS command may not be used in place of the DESELECT command.
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TABLE 100: CKE TRUTH TABLE
Note 1 applies to the entire table
CKE
Previous Cycle Present Cycle
Current State (n-1) (n) Command (n) Action (n) Notes
Power-down L L X Maintain power-down 8,10, 11
L H DES Power-down exit 8,10,12
Self refresh L L X Maintain self refresh 11,13
L H DES Self refresh exit 8,13,14,15
Bank(s) active H L DES Active power-down entry 8,10,12,16
Reading H L DES Power-do 8,10,12,16,17
Writing H L DES Power-mxtry 8,10,12,16,17
Precharging H L DES P%W entry 8,10,12,16,17
Refreshing H L DES Pre eﬂg%o@er-down entry 8,12
All banks idle H L DES I“c rgé power-down entry 8,10,12,16,18
H L REFRESH  _INN\" Self refresh 16,18,19
A J
Notes: 1. Current state is defined as the st he DDR4 SDRAM immediately prior to clock
edge n.
2. CKE (n) is the logic state of C@t clock edge n; CKE (n-1) was the state of CKE at the
previous clock edge.
3. COMMAND (n) is the CN nd registered at clock edge n, and ACTION (n) is a result of
COMMAND (n); ODmg noPincluded here.
4. Allstatesand s s not shown are illegal or reserved unless explicitly described
elsewhere in ti ment.
5. The state oes not affect the states described in this table. The ODT function is
not avail ring self refresh.
6. i KE transition (registration of CKE H->L or CKE H->L), the CKE level must be

STACKED Technologies Incorporated

v

—_
- O

13.
14.

15.
16.

17.

Www.sta

Dur

mgi d until 1 nCK prior to '*CKE (MIN) being satisfied (at which time CKE may transi-
.%a ain).

QE LECT and NOP are defined in the Truth Table - Command table.

or power-down entry and exit parameters, see the Power-Down Modes section.
CKE LOW is allowed only if tMRD and tMOD are satisfied.
The power-down mode does not perform any REFRESH operations.

X ="Don't Care” (including floating around VREF) in self refresh and power-down. X also
applies to address pins.

. The DESELECT command is the only valid command for power-down entry and exit.

VPP and Vgggca must be maintained during SELF REFRESH operation.

On self refresh exit, the DESELECT command must be issued on every clock edge occur-
ring during the ™S period. READ or ODT commands may be issued only after tXSDLL is
satisfied.

The DESELECT command is the only valid command for self refresh exit.

Self refresh cannot be entered during READ or WRITE operations. For a detailed list of
restrictions see the SELF REFRESH Operation and Power-Down Modes sections.

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.
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18. ldle state is defined as all banks are closed (tRP, tDAL, and so on, satisfied), no data bursts
are in progress, CKE is HIGH, and all timings from previous operations are satisfied (tMRD,
tMOD, tRFC, tZQinit, tZQoper, tZQCS, and so on), as well as all self refresh exit and power-
down exit parameters are satisfied (tXS, tXP, tXSDLL, and so on).

19. Self refresh mode can be entered only from the all banks idle state.

20. For more details about all signals, see the Truth Table - Command table; must be a legal
command as defined in the table.

NOP Command

NOP Command

The NO OPERATION (NOP) command was originally used to instruct the selected DDR4 SDRAM to perform a
NOP (CS_n = LOW and ACT_n, RAS_n/A16, CAS_n/A15, and WE_n/A14 = HIGH). This prevented unwanted com-
mands from being registered during idle or wait states. NOP command general supporNaas been removed and the
command should not be used unless specifically allowed, which is when exiting m power-saving mode or
when entering gear-down mode.

DESELECT Command

The deselect function (CS_n HIGH) prevents new commands fro@m executed; therefore, with this command,
the device is effectively deselected. Operations already in prog@

not affected.

——

DLL-Off Mode

DLL-off mode is entered by setting MR1 bit AQ ” ich will disable the DLL for subsequent operations until the
A0 bit is set back to 1. The MR1 A0 bit for D ol can be switched either during initialization or during self
refresh mode. Refer to the Input Clock Frequercy Change section for more details.

The maximum clock frequency for DL
frequency limit besides the need t

ode is specified by the parameter {CKDLL_OFE There is no minimum
the refresh interval, ‘REFI.

Due to latency counter and tiny rictions, only one CL value and CWL value (in MR0O and MR2 respectively)
are supported. The DLL-off 'c@' is only required to support setting both CL = 10 and CWL = 9.

DLL-off mode will affect t%'ead data clock-to-data strobe relationship (‘{DQSCK), but not the data strobe-to-data
relationship (‘DQSQ, tQH).®pecial attention is needed to line up read data to the controller time domain.

Compared with DLL-on mode, where 'DQSCK starts from the rising clock edge (AL + CL) cycles after the READ
command, the DLL-off mode 'DQSCK starts (AL + CL - 1) cycles after the READ command. Another difference is
that '{DQSCK may not be small compared to '‘CK (it might even be larger than 'CK), and the difference between

DQSCK (MIN) and ‘DQSCK (MAX) is significantly larger than in DLL-on mode. The 'DQSCK (DLL-off) values are
vendor-specific.

The timing relations on DLL-off mode READ operation are shown in the following diagram, where CL =10, AL =0,
and BL = 8.

The DLL-off mode is entered by setting MR1 bit A0 to 1; this will disable the DLL for subsequent operations until
the A0 bit is set back to 0.
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DLL-Off Mode

FIGURE 54: DLL-OFF MobDE READ TIMING OPERATION
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STACKED Technologies Incorporated www.stackedtechnologies.com 163 H|gh Performance, H|gh|y |ntegrated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F



Advanced Information
S>l AKED. STODiSIaNEI08GD

ST9D4512M40DBGO

DDL Switch Sequence from DLL-On to DLL-Off

To switch from DLL-on to DLL-off requires the frequency to be changed during self refresh, as outlined in the fol-
lowing procedure:

1.

9.

The device is ready for the next con@

STACKED Technologies Incorporated www.stackedtechnologies.com 164
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Starting from the idle state (all banks pre-charged, all timings fulfilled, and, to disable the DLL, the DRAM on-
die termination resistors, Rrrowm), must be in High-Z before MRS to MR1.)

Set MR1 bit A0 to 1 to disable the DLL.

Wait tMOD.

Enter self refresh mode; wait until 'CKSRE/!CKSRE_PAR is satisfied.

Change frequency, following the guidelines in the Input Clock Frequency Change section.

Wait until a stable clock is available for at least 'CKSRX at device inputs.

Starting with the SELF REFRESH EXIT command, CKE must continuously be regitered HIGH until all tMOD
timings from any MRS command are satisfied. In addition, if any ODT featur % enabled in the mode
registers when self refresh mode was entered, the ODT signal must contin e registered LOW until all
tMOD timings from any MRS command are satisfied. If Rrrnvom) was dj n the mode registers when
self refresh mode was entered, the ODT signal is “Don’t Care.”

Wait 'XXS_FAST, XXS_ABORT, or XS, and then set mode registers with?nopriate values (an update of CL,
CWL, and WR may be necessary; a ZQCL command can also be is after tXXS_FAST).

e XS FAST: ZQCL, ZQCS, and MRS commands. For MRS cq @ pands, only CL and WR/RTP registers in MRO,
the CWL register in MR2, and gear-down mode in MR3mgNXbe accessed provided the device is not in per-
DRAM addressability mode. Access to other device gpd @v boisters must satisfy XS timing.

o XS ABORT: If the bit is enabled, then the device s any ongoing refresh and does not increment the
refresh counter. The controller can issue a vali and after a delay of 'XXS_ABORT. Upon exiting from
self refresh, the device requires a minimum o extra REFRESH command before it is put back into self
refresh mode. This requirement remains me regardless of the MRS bit setting for self refresh abort.

e XS: ACT, PRE, PREA, REE SRE, PDE, WX, 4, WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8, RDA,

RDAS4, and RDASS.
Wait t™MOD to complete.

!

§
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FIGURE 55: DLL SwiTcH SEQUENCE FROM DLL-ON 1O DLL- OFF

ThO Tb1 TeO Tel Tf

— —\ =\ -1\ - r==
; , __/ __
'CKSRE/ 'CKSRE_PAR Note 4 tCKSRX 5

'CPDED

AT
wasss TN R

{CKESR/ 'CKESR_PAR

o 7l ﬁ»le NI

Enter self refresh

; Exit self refresh
QO 2 Time Break Don't Care

Notes: 1. Startingin theidle statx in stable state.

bit A0 to 0.

1

2. Disable DLL by set

3. Enter SR. @A

4. Change fre %

5. Clock must@ le tCKSRX.
6

7

. ExitSR
. Upd§~ e registers allowed with DLL-off settings met.

!

§
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DDL-Off to DLL-On Procedure

To switch from DLL-off to DLL-on (with required frequency change) during self refresh:

1. Starting from the idle state (all banks pre-charged, all timings fulfilled, and DRAM ODT resistors (RtxNowm))
must be in High-Z before self refresh mode is entered.)
Enter self refresh mode; wait until ‘CKSRE/!CKSRE_PAR are satisfied.
Change frequency (following the guidelines in the Input Clock Frequency Change section).
Wait until a stable clock is available for at least tCKSRX at device inputs.
Starting with the SELF REFRESH EXIT command, CKE must continuously be registered HIGH until '{DLLK
timing from the subsequent DLL RESET command is satisfied. In addition, if any ODT features were enabled
in the mode registers when self refresh mode was entered, the ODT signal must continuously be registered
LOW or HIGH until 'DLLK timing from the subsequent DLL RESET command is satisfied. If Rrpowm) disa-
bled in the mode registers when self refresh mode was entered, the ODT signal isqDon't Care.”
6. Wait XS or XXS_ABORT, depending on bit x in RMy, then set MR1 bit A0 to 0 to the DLL.

G

7. Wait tMRD, then set MR1 bit A8 to 1 to start DLL reset. Q\n‘
8. Wait t™MRD, then set mode registers with appropriate values; an update g , and WR may be neces-
sary. After ‘™MOD is satisfied from any proceeding MRS command, a Z cOdmmand can also be issued dur-

ing or after tDLLK.
9. Wait for '™MOD to complete. Remember to wait 'DLLK after DLL R before applying any command requir-
ing a locked DLL. In addition, wait for ¥ZQoper in case a ZQCL nd was issued.

The device is ready for the next command.

Td TeO Tel Tf Tg
- _\ /_ -\ - -
—— R \ — _ _—
Note 4 YCKSRX 5
| |

LR K

tXS_ABORT

. A1 QUK X W e
| ‘
AU AU AU /A PRI

D A TI0000 Vg Vo Im AN/

Enter self refresh Exit self refresh

2 2 Time Break Don't Care

Notes: 1. Startingin the idle state.
2. EnterSR
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Change frequency.

Clock must be stable tCKSRX.

Exit SR.

Set DLL to on by setting MR1 to A0 = 0.
Update mode registers.

Issue any valid command.

© NV~ W

Input Clock Frequency Change

After the device is initialized, it requires the clock to be stable during almost all states of normal operation. This
means that after the clock frequency has been set and is in the stable state, the clock period is not allowed to devi-
ate except for what is allowed by the clock jitter and spread spectrum clocking (SSC) %ications. The input clock
frequency can be changed from one stable clock rate to another stable clock rate en in self refresh mode.
Outside of self refresh mode, it is illegal to change the clock frequen-cy. Q

After the device has been successfully placed in self refresh mode and tCKS RE_PAR have been satisfied,
the state of the clock becomes a “Don’t Care.” Following a “Don’t Care, ?ﬂg the clock frequency is permis-
sible, provided the new clock frequency is stable prior to ‘CKSRX. When ring and exiting self refresh mode for
the sole purpose of changing the clock frequency, the self refresh e exit specifications must still be met as
outlined in SELF REFRESH Operation.

For the new clock frequency, additional MRS commands to @RZ MR3, MR4, and MR6 may need to be issued
to program appropriate CL, CWL, gear-down mode, REA ITE preamble, and {CCD_L/'!DLLK values. If MR6
is issued prior to self refresh entry for new the {DLLK v L will relock automatically at self refresh exit. How-
ever, if MR6 is issued after self refresh entry, MRO mus yssued to reset the DLL.

The device input clock frequency can chang 1n the minimum and maximum operating frequency speci-
fied for the particular speed grade. Any freque%{ nge below the minimum operating frequency would require
the use of DLL-on mode to DLL- off mode n sequence (see DLL-On/Off Switching Procedures).

For better signal integrity, DDR4 mem dules use fly-by topology for the commands, addresses, control sig-
nals, and clocks. Fly-by topology h. fits from the reduced number of stubs and their length, but it also causes
flight-time skew between clock %s obe at every DRAM on the DIMM. This makes it difficult for the controller to
maintain tDQSS, 'DSS, and ')

controller to compensate for
host can maintain the tDQ{Y

cifications. Therefore, the device supports a write-leveling feature to allow the
. This feature may not be required under some system conditions, provided the
PSS, and tDSH specifications.

The memory controller can use the write-leveling feature and feedback from the device to adjust the DQS (DQS_t,
DQS_c) to CK (CK_t, CK_c) relationship. The memory controller involved in the leveling must have an adjustable
delay setting on DQS to align the rising edge of DQS with that of the clock at the DRAM pin. The DRAM asynchro-
nously feeds back CK, sampled with the rising edge of DQS, through the DQ bus. The controller repeatedly delays
DQS until a transition from 0 to 1 is detected. The DQS delay established though this exercise would ensure the
tDQSS specification. Besides 'DQSS, '!DSS and '!DSH specifications also need to be fulfilled. One way to achieve this
is to combine the actual 'DQSS in the application with an appropriate duty cycle and jitter on the DQS signals. De-
pending on the actual 'DQSS in the application, the actual values for 'DQSL and 'DQSH may have to be better than
the absolute limits provided in the AC Timing Parameters section in order to satisfy tDSS and 'DSH specifications. A
conceptual timing of this scheme is shown below.
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Write Leveling

FIGURE 57: WRITE-LEVELING CONCEPT, EXAMPLE 1

TO T T2 T3 T4 T5 T6 T7
CKc ———- -
Source
CK_t
diff_DQS
. . CK_c
Destination

CK_t

diff_DQS

0 vt N X 2 (&%
B

Push DQS to capture
diff_DQS the 0-1 transition

DQ Oor1 1

DQS driven by the controller during leveling mode must be t@ed by the DRAM based on the ranks popu-
lated. Similarly, the DQ bus driven by the DRAM must als inated at the controller.

All data bits carry the leveling feedback to the controll s the DRAM configurations. All byte lanes should be
leveled independently. Therefore, a separate feedbac chanism should be available for each byte lane.

The figure below is another representative wa the write-leveling procedure. Although it shows the clock
varying to a static strobe, this is for illustratj ose only; the clock does not actually change phase, the strobe

is what actually varies. By issuing multipl pPlrsts, the DQS strobe can be varied to capture with fair accuracy
the time at which the clock edge arriv DRAM clock input buffer.

\g

§
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FIGURE 58: WRITE-LEVELING CONCEPT, EXAMPLE 2

YWLS

5959 SE URERR AR R LR L
CK_ 7777777777777777777777777777 - 'WLH
CKj 0000000 000[000 ////////
WLS |['WLH_
CK_c ~---mmmmmmmmee —
K.t L "J{f/1<1111111 ”””””””
DQS_t/
DQS_c

DQ(CKOto 1)

DQ(CK1to0)

DRAM Setting for Write Leveling and DRAM TERMINATION Function in

The DRAM enters j
finished, the D

Procedures t .
ed and deass
NATION ion in Leveling Mode table).

VL

TABLE 101: MR SETTINGS F)R LEVELING PROCEDURES

that Mode

Wile-leveling mode if A7 in MR1 is HIGH. When leveling is
#s write-leveling mode if A7 in MR1 is LOW (see the MR Leveling
ote that in write-leveling mode, only DQS terminations are activat-
via the ODT pin, unlike normal operation (see DRAM DRAM TERMI-

Function \/ MR1 Enable Disable
Write leveling enable M A7 1 0
Output buffer mode (Q off) A12 0 1

TABLE 102: DRAM TERMINATION FUNCTION IN LEVELING MODE

ODT Pin at DRAM DQS_t/DQS_c Termination

DQ Termination

RTI'(NOM) with ODT HIGH On

Off
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TABLE 102: DRAM TERMINATION FUNCTION IN LEVELING MODE (CONTINUED)

ODT Pin at DRAM DQS_t/DQS_c Termination DQ Termination
R'I'I'(Park) with ODT LOW On Off

Notes: 1. In write-leveling mode, with the mode’s output buffer either disabled (MR1[bit7] = 1
and MR1[bit12] = 1) or with its output buffer enabled (MR1[bit7] = 1 and MR1[bit12] =
0), all Rrrvom) @and Ryrepark) settings are supported.
2. Rrrwe) is not allowed in write-leveling mode and must be set to disable prior to entering
write-leveling mode.

Procedure Description

The memory controller initiates the leveling mode of all DRAM by setting bit 7 of J#RINp 1. When entering write-
leveling mode, the DQ pins are in undefined driving mode. ‘

During write-leveling mode, only the DESELECT command is supported, otb@n MRS commands to change
the Qoff bit (MR1[A12]) and to exit write leveling (MR1[A7]). Upon exitingggiteNeveling mode, the MRS command
performing the exit (MR1[A7] = 0) may also change the MR1 bits of TB %ﬁse the controller levels one rank at a
time, the output of other ranks must be disabled by setting MR1 bit . The controller may assert ODT after
tMOD, at which time the DRAM is ready to accept the ODT Q~

signal.
The controller may drive DQS_t LOW and DQS_c HIGH aft, Qﬂy of tWLDQSEN, at which time the DRAM
has applied ODT to these signals. After tDQSL and ‘WLM he controller provides a single DQS_t, DQS_c edge,

which is used by the DRAM to sample CK driven fro troller. 'WLMRD (MAX) timing is controller depend-
ent.

The DRAM samples CK status with the rising e QS and provides feedback on all the DQ bits asynchro-
nously after tWLO timing. There is a DQ out ertainty of 'WLOE defined to allow mismatch on DQ bits. The

tWLOE period is defined from the transitigh ofstMe earliest DQ bit to the corresponding transition of the latest DQ
bit.

There are no read strobes (DQS_t, DQSNQ Tleeded for these DQs. The controller sam-ples incoming DQ and either
increments or decrements DQS dqla ing and launch-es the next DQS pulse after some time, which is control-
ler dependent. After a 0-to-1 trasgiNoh is detected, the controller locks the DQS delay setting, and write leveling is
achieved for the device. The@mng figure shows the timing diagram and parameters for the overall write-leve-

ling procedure. ?\
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FIGURE 59: WRITE-LEVELING SEQUENCE (DQS CAPTURING CK LOW AT T1 AND CK HIGH AT T2)

1 v}
YWLH o dweH
twiLs
CKc5 --- - -- ---
CK_t -- — -- —_ -
Command  XwRs2)¢) J/X(DES’ pes )7/ )X 0es W/7X oes X/ 77X oes X7/ oes Y] VXoes X7 /7K oes
tMOD | |
or A QU T 7 T | X QU X
| fWLDQSEN ) ‘DQSLS 'DQSH® tDQSLS
diff_DQs* i \{ """"""" (_\* """"" W
AR I WiMRD T Wio
Late Prime DQ' I [
| % tWLOE
Early Prime DQ' /[ ! 2_ A ) ?
[ tWLO twLo
I
ﬁed Driving Mode ZTime Break D Don't Care

Notes: 1. The device drives leveling feedback on

2. MRS: Load MR1 to enter write-leveli ovle.
3. diff_DQS is the differential data Timing reference points are the zero crossings.
DQS_t is shown with a solid I c is shown with a dotted line.

4. CK_tis shown with a solid Ine; CK_c is shown with a dotted line.
5. DQS needs to fulfill mini Ise width requirements, tDQSH (MIN) and 'DQSL (MIN),

as defined for regular s; the maximum pulse width is system dependent.
6. tWLDQSEN must tQ\I/SfI d following equation when using ODT:

LDQSEN > tMOD (MIN) + ODTLon + tADC

e DLL = Enabl
e DLL= Dis@ n 'WLDQSEN > tMOD (MIN) + tAONAS

ter the last rising strobe edge (see ~T0), stop driving the strobe signals (see

~Tc0). Note that from this point on, DQ pins are in undefined driving mode and
will remain undefined, until tMOD after the respective MR command (Tel).

2. Drive ODT pin LOW (IS must be satisfied) and continue registering LOW (see
Tb0).

3. After Ry is switched off, disable write-leveling mode via the MRS command (see
Tc2).

4. After '™MOD is satisfied (Tel), any valid command can be registered. (MR com-
mands can be issued after IMRD [Td1]).

Wrif ¥ling mode should be exited as follows:
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Write Leveling
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FIGURE 60: WRITE-LEVELING EXIT

0 T T2 Ta0 Tho Tco Tel T2 Tdo Td1 Te0 Tel
CK_C == ;T T Ty - Ty - - - "~ == / - - Y - - =
CK_t — ] - - - - - - - N --4, - - - R -
command X DEs X///X bes X///X DEs )0 D( DES )@ D( DES )Q D( pes X//X_oes X///X DEs )QID( DES X// /X Valid )@ E( pes X///Xvalid X/,
! ‘{MRD | |
address 777777777777777777777777) V77777, M|R1 XA 77777777 iy V/////////XVallioI X/,
IS tMOD
oor 77 XTI W N AD N 7 i A I AU A 17
ODTL (OFF) ! tADC (MIN)
e Frmon ! R ! B | [P R
DOS. £, = e Jy-eoo- oo ) L/ {ADC (MAX) AN
o T—\ L Sl
R )) )) )) ) )
™eQ ! WL (( i (( ¢ (
DQ! [Z /l (( result=1 (( w [/ /
I:l Undeﬁn,ed%@ie E Transitioning 2 ZTime Break Z Don't Care
Notes: 1. The DQ result = 1 between Ta0 a@sis a result of the DQS signals capturing CK_t
HIGH just after the TO state.

2. See previous figure for spe?’%ﬂo timing.
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Command Address Latency

DDR4 supports the command address latency (CAL) function as a power savings feature. This feature can be
enabled or disabled via the MRS setting. CAL timing is defined as the delay in clock cycles (\CAL) between a CS_n
registered LOW and its corresponding registered command and address. The value of CAL in clocks must be
programmed into the mode register (see MR1 Register Definition table) and is based on the equation 'CK(ns)/
{CAL(ns), rounded up in clocks.

FIGURE 61: CAL TIMING DEFINITION

(@)
wn
=}

CMD/ADDR |'>

command and the address are latched, the receivers can b
commands, the DRAM will keep the command and addré {put receivers enabled for the duration of the com-

mand se-quence. \

| 1I I2$3I I4I | 5I I6I I 7I I8I | 9I I1OI I11I I12
CLK | I I

\/

CS_n ?\

[
CMD/ADDR |'>

|

|

|

|

|
-

When the CAL mode is enabled, additional time is required for the MRS command to complete. The earliest the
next valid command can be issued is '™MOD_CAL, which should be equal to t™MOD + 'CAL. The two following figures
are examples.
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FIGURE 63: CAL ENABLE TIMING - TMOD_CAL

T0 T Ta0 Tal Ta2 Ta3 Ta4 Tbo Tb1 Tb2 Tb3

o P PZ J(\T\f\f\ﬁ?fXT\{\

Command @<Valid W M‘RS >@ @< D‘ES m DTS W D}‘ES W DIES W DI‘ES >@ W D‘ES W DE‘S mVal‘id W Valid

Address Valid m Valid >@ @( Valid m Va‘lid W Va‘lid m Valid W Valid )@ %(Valid m Valid m Valid W Valid

|

cs.n —Lﬂz

‘MOD_CAL

‘ tCALy ‘
|
|

|

|

Settings Old settings

Updating settings

2

{ {

&\ ) Time re

New settings

ﬁ
Don't Care

Note: 1.

CAL mode is enabled at T1.

?&

Tb1 Tb2 Tco

Tcl Tc2

X#(X)TN7 \{\

Address @( Valid m Vallid >@ @(Vallid
| |

W DES W DES >@ @< DES mvﬂid m

Valid

‘ ‘CAL ‘

i m Valid m Vallid >@ @( Va{id m Val

N

|

0 i
‘ | | |
Settings Old settings 2 Updating settings 2 2 New settings
W W W W W
v 2 2 Time Break Don't Care
v
Note: 1.
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MRS at Tal may or may not modify CAL, tMOD_CAL is computed based on new 'CAL set-
ting if modified.
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When the CAL mode is enabled or being enabled, the earliest the next MRS command can be issued is t™MRD_CAL
is equal to 'MOD + 'CAL. The two following figures are examples.

FIGURE 65: CAL ENABLE MRS 10 NEXT MRS CommaND, TMRD CAL

Command

Address

CSon

‘MRD_CAL

|
Settings 0Old settings <:E 2 Updating settings AA M Updating settings
{ { { { { { {

& ; 2 E Time Break Don't Care

Th0 Tb1 Tb2 TcO Tcl Tc2

N
f f {@mf mwi@%immiM%l@%i@%mw

tCAL ‘ ‘

Address 77X Valid Ww‘nd )@ @( Valid @@@( Va‘lid )@ @( Va‘lid X/ Nalid mvﬁnd )@ @( Va;nd X77X Va‘lid XK Va‘lid Y,

cson\ / 2 2 A 2 2 2 2
‘ YMRD_CAL %
Settings Old settings 2 2 Updating settings 2 2 New settings

{ vy { { { { { {
2 2 Time Break Don't Care

Notes: 1. MRS at Tal may or may not modify CAL, tMRD_CAL is computed based on new tCAL set-
ting if modified.

CAL Examples: Consecutive READ BL8 with two different CALs and 1tCK preamble in
different bank group shown in the following figures.
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3 T4 s Ti6 n7 8 9 20 1 2
- - - v--- — - --- - .- =

I I '
command /777777177777 T7777777X 0es 77X ves X777Kwero X7777777777 777K oes X777X o6 X/77Xwe0 X7) [ X oes X777 oes XI/7IX oes X7

CCD_S=4

Bank Group
Address

Address

! ! ! ! ! ! ! I
SRR (1nCK) ) ) ) ) ) ) ) =l
;

I ETD) ETD T )‘< D) K ETD DT ¢ )(‘Zw')‘(

)
TN
RL=11 ‘

\ [ ronstoningoos[7] oonecare

DQS._t, DQS_c

DbQ

our
v

Notes: BL=8,AL=0,CL=11, CAL =3, Preamble = 1'CK. i >
DOUT n = data-out from column n; DOUT b = data-out from column
DES commands are shown for ease of illustration, other comm& e valid at these times.

pPWN =

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = nd A12 =1 during READ command at T3 and
T7.

CA parity = Disable, CS to CA latency = Enable, Read DBI
Enabling CAL mode does not impact ODT control timf

v

le.
control timings should be maintained with the

‘a‘r”‘ .777"”""""”. "”’
N

B
'CAL=4 it |
command - 77777777777) 06 X777 )X 0es ){772X o) Xoes X//7X0es /77X _oes X777X_ots X/77X oes W//7X oes X/ 77X 0ks X/7ZX_oes X/ 77D
-

),

Bank Group
Address

Address

DQS_t,DQS_c

ST T DY AT ST ) D D Y D 2&“)‘(2?"§( ) D SR

| [ anstonngoms 7] bontcae

DQ

Notes: 1. BL= 0,CL=11, CAL =4, Preamble = 1'CK.

2. D data-out from column n; DOUT b = data-out from column b.

3. DEXcommands are shown for ease of illustration, other commands may be valid at these times.

4. BL8setting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 = 1 during READ command at T4 and
T8.

5. CA parity = Disable, CS to CA latency = Enable, Read DBI = Disable.

6. Enabling CAL mode does not impact ODT control timings. ODT control timings should be maintained with the
same timing relationship relative to the command/address bus as when CAL is disabled.
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Low-Power Auto Self Refresh Mode

An auto self refresh mode is provided for application ease. Auto self refresh mode is enabled by setting MR2[6] = 1
and MR2[7] = 1. The device will manage self refresh entry

over the supported temperature range of the DRAM. In this mode, the device will change its self refresh rate as the
DRAM operating temperature changes, going lower at low temperatures and higher at high temperatures.

Manual Self Refresh Mode

If auto self refresh mode is not enabled, the low-power auto self refresh mode register must be manually pro-
grammed to one of the three self refresh operating modes. This mode provides the flexigility to select a fixed self
refresh operating mode at the entry of the self refresh, according to the system mem%perature conditions.
The user is responsible for maintaining the required memory temperature condij @ oY the mode selected during
the SELF REFRESH operation. The user may change the selected mode after&Q oClf refresh and before entering

the next self refresh. If the temperature condition is exceeded for the mode ted, there is a risk to data retention

resulting in loss of data. v
9, ;

TABLE 103: AuTO SELF REFRESH MODE

Low-Power Operating Temperature
Auto Self Refresh % Range for Self Refresh Mode
MR2[7] | MR2[6] Mode SELF REFRESH&e ation (DRAM Tcase)

0 0 Normal Fixed n r@lf refresh rate maintains data 0°C to 85°C
reten, tWAe normal operating tempera-
required to ensure that 85°C

tuy€.
:LIQ)CASE (MAX) is not exceeded to avoid

risk of data loss.

1 1 Extended ? ixed high self refresh rate optimizes data re- 0°C to 95°C
temperaiye tention to support the extended tempera-
('\ ture range.
0 1 Variable or fixed self refresh rate or any other 0°C to 45°C
tenPerature DRAM power consumption reduction con-

trol for the reduced temperature range. User
is required to ensure 45°C DRAM Tcase
(MAX) is not exceeded to avoid any risk of
data loss.

1 1 Auto self refresh Auto self refresh mode enabled. Self refresh All of the above
power consumption and data retention are
optimized for any given operating tempera-
ture condition.
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FIGURE 69: AuTO SELF REFRESH RANGES
IDDG A

4x refresh rate

2x refresh rate
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temperature

/ range
e
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| | P | »
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N
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Multipurpose Register

The MULTIPURPOSE REGISTER (MPR) function, MPR access mode, is used to write/read specialized data to/from
the DRAM. The MPR consists of four logical pages, MPR Page 0 through MPR Page 3, with each page having four
8-bit registers, MPRO through MPR3. Page 0 can be read by any of three readout modes (serial, parallel, or stag-
gered) while Pages 1, 2, and 3 can be read by only the serial readout mode. Page 3 is for DRAM vendor use only.
MPR mode enable and page selection is done with MRS commands.Data bus inversion (DBI) is not allowed during
MPR READ operation.

Once the MPR access mode is enabled (MR3[2] = 1), only the following commands are

allowed: MRS, RD, RDAWR, WRA, DES, REE and RESET; RDA/WRA have the same functionality as RD/WR which
means the auto precharge part of RDA/WRA is ignored. Power-down mode and SELF REFRESH command are not
allowed during MPR enable node. No other command can be issued within tRFC after a REF command has been
issued; 1x refresh (only) is to be used during MPR access mode. While in MPR access mode, MPR read or write
sequences must be completed prior to a REFRESH command.

FIGURE 70: MPR BLoCK DIAGRAM

Memory core

(all banks precharged) v
¢ (\@:
Four npeMgNgose registers (pages),

@ four 8-bit registers:

T MR3[21=1

Data patterns (RD/WR)
Error log (RD)

-------- Mode registers (RD)

DRAM manufacture only (RD)

Address Operation Mgde Description
A12:11] MPR data reg@fOymat 00 = Serial ......... 01 = Parallel
10 = Staggered .... 11 = Reserved
A2 MPK?(Eess 0 = Standard operation (MPR not enabled)
1 =MPR data flow enabled
A[1:0] MPR page selection 00=Page0...01 =Page 1
10=Page2...11=Page3

TABLE 105: DRAM ADDRESS TO MPR Ul TRANSLATION

MPR Location [7] [6] [5] [4] [31] [2] [1] [0]
DRAM address — Ax A7 A6 A5 A4 A3 A2 Al A0
MPR Ul - Ulx ulo un ul2 ul3 ul4 ul5 ule ul7
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TABLE 106: MPR PAGE AND MPRX DEFINITIONS

“hdiress | MpRLocaton | 01 | fol | ) | @1 | 1 | @ | 00| 0 | New |

BA[1:0] 00 = MPRO 0 1 0 1 1 0 1 Read/Write
01 = MPR1 0 0 1 1 0 0 1 1 | (defaultvalue
listed)
10 = MPR2 0 0 1 1 1 1
11=MPR3 0 0 0 0 0 0
BA[1:0] 00 = MPRO A7 A6 | As A4 A3 A2 A | A Read-only
01 = MPRI CAS_n/A1 | WEn/ | A13 | A12 | AT A10 Ao | A8
5 A14 A
10 = MPR2 PAR | ACT.n| BG1 | BGO | BAI BA 17 | RAS_n
A\ /A16

11 =MPR3 CRCerror CA CA parity latency: [5] = o cl co
status parity MR5(2], [4] = MR5[1], [3]
error = MR5I0] \
status P \
BA[1:0] 00 = MPRO PPRsup- | sPPR |Rrrwr) | Teprk esen- | CRCwrite Rrrowr) Read-only
port sup- Qr status? enable
port .
01 = MPR1 Vkeroo VREFEN«ining value: [6:1] = MR6[5:0] Gear-
trainging down
range / ., enable
CAS latency: [7:3] = MRg#m2 g 10 = MPR2 CAS write latency [2:0] =
\ MR2[5:3]
11=MPR3 Rrrn M@ MR1[10:8] RTpark : [4:2] = MR5[8:6] Ron: [1:0] =
MR2[2:1]
BA[1:0] 00 = MPRO DC DC DC DC DC DC DC DC Read-only
o1=mpr1 TN DC DC | DC DC DC DC DC | DC
10 = MPR2 ) DC DC DC DC DC DC DC DC
11 =MPR3 DC DC DC DC MAC MAC MAC MAC

Notes: 1. DC="Don't Care”

2. MPR[4:3] 00 = Sub 1X refresh; MPR[4:3] 01 = 1X refresh; MPR[4:3] 10 = 2X refresh;
MPR[4:3] 11 = Reserved

MPR Reads

MPR reads are supported using BL8 and BC4 modes. Burst length on-the-fly is not supported for MPR reads. Data
bus inversion (DBI) is not allowed during MPR READ operation; the device will ignore the Read DBI enable setting
in MR5 [12] when in MPR mode. READ commands for BC4 are supported with a starting column address of A[2:0]
=000 or 100. After power-up, the content of MPR Page 0 has the default values, which are de-fined in Table 29. MPR
page 0 can be rewritten via an MPR WRITE command. The device maintains the default values unless it is rewrit-
ten by the DRAM controller. If the DRAM controller does overwrite the default values (Page 0 only), the device will
maintain the new values unless re-initialized or there is power loss.
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Timing in MPR mode:

e Reads (back-to-back) from Page 0 may use tCCD_S or tCCD_L timing between READ commands

e Reads (back-to-back) from Pages 1, 2, or 3 may not use {‘CCD_S timing between READ commands; ‘CCD_L must
be used for timing between READ commands

The following steps are required to use the MPR to read out the contents of a mode reg-ister (MPR Page x, MPRy).
1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRS command to MR3[2] = 1 (Enable MPR data flow), MR3[12:11] = MPR read format, and MR3[1:0] MPR
page.
a. MR3[12:11] MPR read format:
1. 00 = Serial read format
2. 01 = Parallel read format
3. 10 = staggered read format O
4. 11 =RFU &\
b. MR3[1:0] MPR page:
1. 00 = MPR Page 0 ?*
2. 01 = MPR Page 1 @
3. 10=MPR Page 2
4. 11 = MPR Page 3 Q~
4. tMRD and tMOD must be satisfied. Q
5. Redirect all subsequent READ commands to specific@ ocation.
6. Issue RD or RDA command.
a. BA1 and BAO indicate MPRx location: \

1. 00 = MPRO
2. 01 =MPR1

3. 10 = MPR2 @:

4. 11 = MPR3 s !
b. A12/BC=0or 1; BL8 or BC4 % nly, BC4 OTF not supported.

1. If BL=8 and MRO A[1: 1, A12/BC must be set to 1 during MPR
READ command
c. A2 =burst-type depe%

1. BL8:A2=0 st order fixed at 0, 1, 2, 3, 4, 5,6, 7

2. BL8: A2 = lowed
3. BC4: A2 = h burst order fixed at0,1,2,3, T, T, T, T

4. BC4: A2 = I’with burst order fixed at4,5,6,7, T, T, T, T
d. A[1:0] =00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, and BG1 and BGO are “Don’t
Care.”
7. After RL = AL + CL, DRAM bursts data from MPRx location; MPR readout format determined by
MR3[A12,11,1,0].

8. Steps 5 through 7 may be repeated to read additional MPRx locations.
9. After the last MPRx READ burst, '™MPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR3[2] = 0.
11. After the tMOD sequence is completed, the DRAM is ready for normal operation from the core (such as ACT).
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MPR Readout Format

The MPR read data format can be set to three different settings: serial, parallel, and

staggered.

MPR Readout Serial Format

The serial format is required when enabling the MPR function to read out the contents of an MRx, temperature
sensor status, and the command address parity error frame. However, data bus calibration locations (four 8-bit reg-
isters) can be programmed to read out any of the three formats. The DRAM is required to drive associated strobes
with the read data similar to normal operation (such as using MRS preamble settings).

Serial format implies that the same pattern is returned on all DQ lanes, as shown the table below, which uses values
programmed into the MPR via [7:0] as 0111 1111.

TABLE 107: MPR READOUT SERIAL FORMAT

serial | uo | _un | uz | us | uselNus | us | U7

DQo

DQO 0 1 1 1 AR 1 1 1
DQ1 0 1 1 1 Ned 1 1 1
DQ2 0 1 1 1, 1 1 1 1
DQ3 0 1 1 1 1 1 1

DQ1

DQ2

DQ3

DQ4

DQ5

DQe6

DQ7

DQO

o|lo|o|lo|lo|o|Oo|O

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

oO|lo|lo|lo|jo|jlo|o|o|o|o|Oo|O
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TABLE 107: MPR READOUT SERIAL FORMAT (CONTINUED)

Serial ulio un uUl2 ui3 uvi4 Ul5 ulé Uiz
DQ12 0 1 1 1 1 1 1 1
DQ13 0 1 1 1 1 1 1 1
DQ14 0 1 1 1 1 1 1 1
DQ15 0 1 1 1 1 1 1 1

MPR Readout Parallel Format

Parallel format implies that the MPR data is returned in the first data UI and then repea-ted in the remaining Uls
of the burst, as shown in the table below. Data pattern location 0 is the only location
RD/RDA from data pattern locations 1, 2, and 3 are not allowed with parallel data ye
pattern programmed in the data pattern location 0is 0111 1111. The x4 configu

(0111 in this example). For the x16 configuration, the same pattern is repeateonNoth the upper and lower bytes.

TABLE 108: MPR READOUT - PARALLEL FORMAT

Parallel | uio | un | vz | u3 ([Yus | us | ue | ur

DQO 0 0 0 K= 0 0 0 0
DQ1 1 1 1 AN 1 1 1 1
DQ2 1 1 IXOE 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQO 0 0 0 0 0 0 0 0
DQT 1 1 OO 1 1 1 1 1
DQ2 1 A\ 1 1 1 1 1 1
DQ3 1 Y 1 1 1 1 1 1
DQ4 1 O 1 1 1 1 1 1
DQ5 1 \ N 1 1 1 1 1 1
DQ6 1 1 1 1 1 1 1 1
DQ7 1 1 1 1 1 1 1 1
|aepevice |
DQO 0 0 0 0 0 0 0 0
DQT 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQ4 1 1 1 1 1 1 1 1
DQ5 1 1 1 1 1 1 1 1
DQ6 1 1 1 1 1 1 1 1
DQ7 1 1 1 1 1 1 1 1
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TABLE 108: MPR READOUT - PARALLEL FORMAT (CONTINUED)
Parallel uio un ui2 ui3 ul4 uis ule ui7
DQ8
DQ9

0

1

DQ10 1
DQ11 1
1

1

1

1

DQ12
DQ13
DQ14
DQ15

0
1
1
1
1
1
1
1

N PN (NI I NN N N )
N PG (NIFG JIF [N N N )
RS R N N N N N =)
R RN RN N N N N =)
R RN RN N N N N =)

MPR Readout Staggered Format

Staggered format of data return is defined as the staggering of the MPR da?ross the lanes. In this mode, an RD/
RDA command is issued to a specific data pattern location and then th is returned on the DQ from each of

the different data pattern locations. 2
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A read example to MPRO is shown below.

TABLE 109: MPR READOUT STAGGERED FORMAT

x8 READ MPRO Command x16 READ MPRO Command x16 READ MPR0O Command

DQO MPRO DQO MPRO DQS8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPRT
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQT1 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQs5 MPRT DQs5 MPRT MPRT
DQ6 MPR2 DQ6 MPR2 r% MPR2
DQ7 MPR3 DQ7 MPR3 L, N\\015 MPR3
A
PR READ Wavefo

TeO

MPE Disable
Command £s X///X_DEs )@ @( DEs X////X_DEs )@ Wﬁ?}@
‘MPRR tMOD
Address Valid Valid Valid Valid Valid

ke W‘W A /N7 /N
ot — | Tmnﬁ@mﬂ !

DQ | (( | ‘ (( | (( | | Fum}(un1(U|z“m5)fms><m71 (( | (( | |
22TimeBreak Don't Care

Notes: 1. 'CCD_S = 4tCK, Read Preamble = 1tCK.

2. Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
A2 =0b (for BL = 8, burst order is fixed at 0, 1, 2, 3,4, 5,6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are “Don’t Care,” including BG1 and BG0. A12 is “Don't
Care” when MRO A[1:0] =00 or 10 and must be 1b when MRO A[1:0] = 01

3. Multipurpose registers read/write disable (MR3 A2 = 0).

4. Continue with regular DRAM command.

5. Parity latency (PL) is added to data output delay when CA parity latency mode is ena-
bled.
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FIGURE 72: MPR BAcK-To-BAck READ TIMING

To m T2 T3 T4 T5 T6 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Ta6 Ta7 Ta8 Ta9 Tal0
CKe ~--- - -, -y ---n ,--- P Vil - --- - EEEN --- ---y -y ---y --- -- f---
Fommand - /X 0es )77/ Rea X777 0s X777) Des X77/X 0es X///Xreav X7/ Des X VX o X77/)X 0es X7//)X ks X7/ Des X7//X Oes X///X 0ks X7//X ks X//7)X 0es X///X Oes X7//X 0ks X7//) oes
ae 7] ’llll'llll'llll’llll'llll'llll'd f \// R R N \ A/
PL3 + AL+CL
[ | | | | |
=1 1 1 1 [ [ ]
S
= 1 T T 1 1 [ |
DQ
I
@ ZZTTmeBreak V7)) pontcare
Notes: 1. 'CCD_S = 4'CK, Read Preamble = 2
2. 2. Address setting:
A[1:0] = 00b (data burst ordgNg¢ fixed starting at nibble, always 00b here)
A2 =0b (for BL= 38, burs fixed at0,1,2,3,4,5,6,7; for BC=4, burst order is
fixedat0,1,2,3,T,T,T,
BA1 and BAO indi heWMPR location
A10 and other pins are “Don’t Care,” including BG1 and BG0. A12 is “Don't
Care” when M YO] =00 or 10 and must be 1b when MRO A[1:0] =01
3. Parity laten€y (RI¥is added to data output delay when CA parity latency mode is ena-
bled. s
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FIGURE 73: MPR READ-TO-WRITE TIMING

T0 T 2 Ta0 Tal Ta2 Ta3 Ta4 Tas Ta6 Tho Tb1 Th2
e ---y S :
CK_t

command  7)(ReAD \(///)X DEs X///}_DEs )Q Z( oes X//7)X oes W77/ oes X7//X oes X7/7)X oes X7/7/X oes X///X DEs )Q @(WRWE)@( DEs X///) DEs

‘MPRR

Address Add' Valid Valid Valid Valid Valid Valid Valid Valid Valid Add? Valid Valid

PL3 + AL+ CL
|

DQS_t,
DQS_c

DQ

CKEJ‘W|W|WW
| |
| |

2 2 Time Break Don't Care

Notes: 1. Address setting:
A[1:0] = 00b (data burst order is fixeQ ng at nibble, always 00b here)
A2 =0b (for BL =8, burst order igfM at0,1,2,3,4,5,6,7)
BA1 and BAO indicate the MP |8 bn
A10 and other address pin on't Care,” including BG1 and BG0. A12 is “Don't
Care” when MRO A[1:0] must be 1b when MRO A[1:0] =01

2. Address setting: \\/I
BA1 and BAO indi heWMPR location

A[7:0] = data fo \%

BA1 and BAO iQdi#a ¥ the MPR location
Ness pins are “Don’t Care”

A10 and otjfer a
3. Parity @ ) is added to data output delay when CA parity latency mode is ena-

bled.
\/

MPR Writes
MPR access mode allows ites to the MPR location using the address bus A[7:0].

Data bus inversion (DBI) ijffoY allowed during MPR WRITE operation. The DRAM will
maintain the new written vdlues unless re-initialized or there is power loss.

The following steps are required to use the MPR to write to mode register MPR Page 0,
MPRy).
1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRS command to MR3[2] =1 (enable MPR data flow) and MR3[1:0] = 00 (MPR Page 0); 01, 10, and 11 are not
allowed.
4. tMRD and tMOD must be satisfied.
Redirect all subsequent WRITE commands to specific MPRx location.
6. Issue WR or WRA command:
a. BAl and BAO indicate MPRx location

o

1. 00=MPRO
2. 01 =MPRI1
3. 10=MPR2
4. 11 =MPR3
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b. A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[7:0].
c. Remaining address inputs, including A10, and BG1 and BGO are “Don’t Care.”
7. 'WR_MPR must be satisfied to complete MPR WRITE.
8. Steps 5 through 7 may be repeated to write additional MPRx locations.
9. After the last MPRx WRITE, IMPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR3[2] = 0.
11. When the '™MOD sequence is completed, the DRAM is ready for normal operation
from the core (such as ACT).

MPR WRITES Waveforms

The following waveforms show MPR write accesses.

FIGURE 74: MPR WRITE AND WRITE-T0-READ TIMING

CK_c

CK_t
MPR Enable
Command MRS! DES
RP ‘moD
Address /)(Valid )] (XNelid X[/ Vaid )] @@‘@@
PL3 +AL+CL
DQS_t,
bas ¢ ‘ ({ ‘ ‘ ({ ‘
DQ | (( | | (( | (( | ulo Y un Y uz Y u Y uis4 Y uis Y ue X Uiz
ZZTime Break ﬂ Don't Care
A D
S
Notes: ipurpose registers read/write enable (MR3 A2 = 1).
ddress setting:
?\ BA1 and BAO indicate the MPR location
A10 and other address pins are “Don’t Care”
3. Parity latency (PL) is added to data output delay when CA parity latency mode is ena-
bled.
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FIGURE 75: MPR BACK-TO-BACK TIMING

T0 1 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Ta6 Ta7 Ta8 Ta9 Tal0

- - - y———

CKec ---v fTT Ty Y cT T \
CK_t

mw WW o5 ) o NN S N oS NN o NN S N o ) o
tWR_MPR

Address /X Add!X////X Valid X/] (/X Valid X////X Add" X/// /X Valid X/// /X Valid X////X _Add X///Valid X////XValid X/// X Valid X////X Valid X////X Valid X////X Valid
N ]

(( | ‘ fa\ | | |
T T T AN
2 2 Time Break Don't Care

\ oo J— -7 -

Y
m

Notes: 1. Address setting:

BA1 and BAO indicate the MPR loca
A[7:0] = data for MPR @

A10 and other address pins arg

MPR REFRESH Waveforms

Valid )@( Valid )@( Valid

/ v
Address Valid ,/ Valid ’,I "mq ,/ Valid ’,I ’,I ’Il ’,I q ,/’/I ’,I Valid ’,I Valid ’/I Valid

2 2 Time Break Don't Care

Notes: 1. Multipurpose registers read/write enable (MR3 A2 = 1). Redirect all subsequent read and
writes to MPR locations.
2. 1xrefreshis only allowed when MPR mode is enabled.
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FIGURE 77: READ-T0-REFRESH TIMING

CK ¢
CK_t

Command

Address

awe Nl Y dd | el Yy el el el el el el Yl

PL+AL+CL (4+ 1)+ Clocks 'RFC
! ! ! ! [ [ !
BL=8 --- .- ---
bas_t, Das_c ( . S G S
bQ L ulo ui3
BC=4
DQs_t, DQS_c ((

S | | O] | | | |

2 2 Time Break Don't Care

Notes: 1. Address setting:
A[1:0] = 00b (data burst % fixed starting at nibble, always 00b here)
A2 =0b (for BL=8, bur eris fixedat0,1,2,3,4,5,6,7)

BA1 and BAO indig, PR location

A10 and other ins are “Don’t Care,” including BG1 and BGO. A12 is “Don't
Care” when MKQ YO] = 00 or 10, and must be 1b when MRO A[1:0] =

2. 1xrefreshifonl owed when MPR mode is enabled.

h

FIGURE 78: WRITE-TO-REFRECH \'"MING

[Command

Address

e /f W/‘W&/‘W‘W W‘W‘W‘W‘W‘W‘W‘W‘
DQS_t,

= N O T O A

. | | | | | | | | | |
2 2 Time Break Don't Care

Notes: 1. Address setting:

BA1 and BAO indicate the MPR location
A[7:0] = data for MPR

A10 and other address pins are “Don’t Care”
2. 1Ixrefresh is only allowed when MPR mode is enabled.
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Gear-Down Mode

The DDR4 SDRAM defaults in 1/2 rate (1N) clock mode and uses a low-frequency MRS
command (the MRS command has relaxed setup and hold) followed by a sync pulse
(first CS pulse after MRS setting) to align the proper clock edge for operating the control
lines CS_n, CKE, and ODT when in 1/4 rate (2N) mode. Gear-down mode is only supported at DDR4-2666 and
faster. For operation in 1/2 rate mode, neither an MRS command or a sync pulse is required. Gear-down mode
may only be entered during initialization or self refresh exit and may only be exited during self refresh exit. The
general sequence for operation in 1/4 rate during initialization is as follows:
1. The device defaults to a 1N mode internal clock at power-up/reset.
2. Assertion of reset.
3. Assertion of CKE enables the DRAM.
4. MRS is accessed with a low-frequency N x 'CK gear-down MRS command. (NtCK static MRS command is
qualified by 1N CS_n. )
5. The memory controller will send a 1N sync pulse with a low-frequency N x {CK NOP command. '{SYNC_GEAR
is an even number of clocks. The sync pulse is on an even edge clock bounda the MRS command.
6. Initialization sequence, including the expiration of !DLLK and ZQinit, star mode after 'CMD_GEAR
from 1N sync pulse.

The device resets to 1N gear-down mode after entering self refresh. The ge
down after self refresh exit is as follows:
1. MRSisset to 1, via MR3[3], with a low-frequency N x {CK gear-
a. The N!'CK static MRS command is qualified by 1IN CS_
XS_ABORT.
b. Only a REFRESH command may be issued to the
static MRS command.
2. The DRAM controller sends a 1N sync pulse with a requency N x {CK NOP command.
a. 'ISYNC_GEAR is an even number of clocks

b. The sync pulse is on even edge clock n&y from the MRS command.

3. Avalid command not requiring locked D:; ailable in 2N mode after 'CMD_GEAR from the 1N sync

né\sequence for operation in gear-

RS command.
meets XS or

efore the NtCK

pulse.
a. Avalid command requiring locg€d
or 'DLLK from the 1N sync p
4. If operation is in 1N mode after resh exit, N x 'CK MRS command or sync pulse is not required during
self refresh exit. The minim n?‘ elay to the first valid command is tXS, or XXS_ABORT.
(AV ol

The DRAM may be changed ft N by entering self refresh mode, which will reset to 1N mode. Changing
from 2N to by any other me<; }n result in loss of data and
certain.

is available in 2N mode after tXSDLL

make operation of the DRW

When operating in 2N gear*down mode, the following MR settings apply:

e CAS latency (MRO0[6:4,2]): Even number of clocks

* Write recovery and read to precharge (MR0[11:9]): Even number of clocks
* Additive latency (MR1[4:3]): CL - 2

e CASWRITE latency (MR2 A[5:3]): Even number of clocks

e CS to command/address latency mode (MR4[8:6]): Even number of clocks
e CA parity latency mode (MR5[2:0]): Even number of clocks
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FIGURE 79: CLOCK MODE CHANGE FROM 1/2 RATE TO 1/4 RATE (INITIALIZATION)
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Maximum Power-Saving Mode

Maximum power-saving mode provides the lowest power mode where data retention is not required. When the
device is in the maximum power-saving mode, it does not maintain data retention or respond to any external com-
mand, except the MAXIMUM POWER SAVING MODE EXIT command and during the assertion of RESET_n signal
LOW. This mode is more like a “hibernate mode” than a typical power-saving mode. The intent is to be able to park
the DRAM at a very low-power state; the device can be switched to an active state via the per-DRAM addressability
(PDA) mode.

Maximum Power-Saving Mode Entry

Maximum power-saving mode is entered through an MRS command. For devices with shared control/address
signals, a single DRAM device can be entered into the maximum power-saving mode using the per-DRAM ad-
dressability MRS command. Large CS_n hold time to CKE upon the mode exit could cayse DRAM malfunction; as
aresult, CA parity, CAL, and gear-down modes must be disabled prior to the maxim wersaving mode entry
MRS command.

The MRS command may use both address and DQ information, as defined i&&er-DRAM Addressability sec-
tion. As illustrated in the figure below, after ™MPED from the mode entry MRS chmnmand, the DRAM is not respon-

sive to any input signals except CKE, CS_n, and RESET_n. All other inp isabled (external input signals
may become High-Z). The system will provide a valid clock until tCK ires, at which time clock inputs (CK)
should be disabled (external clock signals may become High-Z). Q~

T2 Te3 Tc4 Tcs Tc6 Te7 Tc8 Tc9 Tc10 Tl

Ke ---
CK_t

-y f--- - -y - - Q-
- L - - - N
MR4[A1=1]
MPSM Enable) ]
[Command

‘MPED

1

s 20 v
s { W /

CKE ( z < > 2 ( CKE LOW makes CS_n a care; CKE LOW followed by CS_n LOW followed by CKE HIGH exits mode
RESET_n ( 2 E ((

)

2 2 Time Break Don't Care
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Maximum Power-Saving Mode Entry in PDA

The sequence and timing required for the maximum power-saving mode with the per-DRAM addressability ena-
bled is illustrated in the figure below.

FIGURE 83: MAXIMUM POWER-SAVING MODE ENTRY WITH PDA

Ta0 Tal Ta2 b0 b1 b3 The Tbs The b7 b8 b9 Tco Tal T2 Tdo
K --- v YR -y v -o -y SRR --- -y o -y ST - - R B

CK_t

Td1 Td2

MR4[A1 =1]
MPSM Enable)

Command

Cson

CKE ‘

“ AL + CWL MPED ( U E
f x ‘
DS t U N X N

DQS_c

DQ {{

RESET_n ({

Y‘ {0 X
O 2 2 Time Break Don't Care

CKE Transition During Maximum Power-Savi.ng Mode

The following figure shows how to maintain m

To prevent the device from exiting the mode, ould be HIGH at the CKE LOW-to-HIGH edge, with appropri-
ate setup (‘MPX_S) and hold (‘MPX_H) tirr(gj

power-saving mode even though the CKE input may toggle.

FIGURE 84: MAINTINING MAXIM\V’4 POWER-SAVING MODE WITH CKE TRANSITION

cLk 7Y
V'
oo
Csn 74 Y7

TMPX_S | MPX_HH
CKE J/

RESET_n

Don't Care

Maximum Power-Saving Mode Exit

To exit the maximum power-saving mode, CS_n should be LOW at the CKE LOW-to-HIGH transition, with appro-
priate setup (tMPX_S) and hold (‘MPX_LH) timings, as shown in the figure below.
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Because the clock receivers (CK_t, CK_c) are disabled during this mode, CS_n = LOW is captured by the rising edge
of the CKE signal. If the CS_n signal level is detected LOW, the DRAM clears the maximum power-saving mode
MRS bit and begins the exit procedure from this mode. The external clock must be restarted and

be stable by tCKMPX before the device can exit the maximum power-saving mode. During the exit time ('XMP),
only NOP and DES commands are allowed: NOP during '™MPX_LH and DES the remainder of 'XMP. After tXMP ex-

pires, valid commands not requiring a locked DLL are allowed; after 'XMP_DLL expires, valid commands requiring
alocked DLL are allowed.

FIGURE 85: MAXIMUM POWER-SAVING MODE EXIT

Ta0 Tal Ta2 Ta3 Tbo Tb1 Tb2

CKc .
Kt ho

TCKMPX

Command AV

2 2 Time Break Don't Care

! N%( 4
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Command/Address Parity
Command/address (CA) parity takes the CA parity signal (PAR) input carrying the parity bit for the generated

address and commands signals and matches it to the internally generated parity from the captured address and
commands signals.

FIGURE 86: COMMAND/ADDRESS PARITY OPERATION

CMD/ADDR
Even parity bit

\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
1

N
CA parity is disabled or enabled via an MRS command. If CA ;s enabled by programming a non-zero value
to CA parity latency in the MR, the DRAM will ensure that
there is no parity error before executing commands. The n additional delay required for executing the com-
mands versus when parity is disabled. The delay is pr ed in the MR when CA parity is enabled (parity la-
tency) and applied to all commands which are regjster y CS_n (rising edge of CK_t and falling CS_n). The com-
fore it is executed inside the device. The command captured
gegXiting and is determined with PL. When CA parity is enabled,
PAR will go active when the DRAM detects a CA parity error.

by the input clock has an internal delay beforé
only DES are allowed between valid commnynd

mand is held for the time of the parity latency '>

CA parity covers ACT_n, RAS_n/AlS6, % A15, WE_n/A14, the address bus including bank address and bank
group bits, and C[2:0] on 3DS deviceaM control signals CKE, ODT, and CS_n are not covered. For example, for a
4Gb x4 monolithic device, parity i %uted across BG[1:0], BA[1:0], A16/RAS_n, A15/CAS_n, A14/ WE_n, A[13:0],
and ACT_n. The DRAM treats used address pins internally as zeros; for example, if a common die has
stacked pins but the device 1 d in a monolithic application, then the address pins used for stacking and not
connected are treated int as zeros.

The convention for parity i8 even parity; for example, valid parity is defined as an even number of ones across the
inputs used for parity computation combined with the parity signal. In other words, the parity bit is chosen so that
the total number of ones in the transmitted signal, including the parity bit, is even.

If a DRAM device detects a CA parity error in any command qualified by CS_n, it will
perform the following steps:

1. Ignore the erroneous command. Commands in the MAX NnCK window (‘PAR_UNKNOWN) prior to the er-
roneous command are not guaranteed to be executed. When a READ command in this NnCK window is not
executed, the device does not activate DQS outputs.

Log the error by storing the erroneous command and address bits in the MPR error log.

3. Set the parity error status bit in the mode register to 1. The parity error status bit must be set before the

ALERT _n signal is released by the DRAM (that is, 'PAR_ALERT_ON + 'PAR_ALERT_PW (MIN)).

Assert the ALERT_n signal to the host (ALERT_n is active LOW) within 'PAR_ALERT_ON time.

5. Wait for all in-progress commands to complete. These commands were received 'PAR_UNKOWN before the
erroneous command.

6. Wait for 'RAS (MIN) before closing all the open pages. The DRAM is not executing any commands during the
window defined by ("PAR_ALERT_ON + 'PAR_ALERT_PW).

N

=
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7. After 'PAR_ALERT_PW (MIN) has been satisfied, the device may de-assert ALERT_n.

a. When the device is returned to a known precharged state, ALERT _n is allowed to be de-asserted.

8. After ('PAR_ALERT_PW (MAX)) the DRAM is ready to accept commands for normal operation. Parity latency
will be in effect; however, parity checking will not resume until the memory controller has cleared the parity
error status bit by writing a zero. The DRAM will execute any erroneous commands until the bit is cleared;
unless persistent mode is enabled.

e The DRAM should have only DES commands issued around ALERT_n going HIGH such that at least 3 clocks
prior and 1 clock plus 3ns after the release of ALERT n.

e Itis possible that the device might have ignored a REFRESH command during 'PAR_ALERT_PW or the RE-
FRESH command is the first erroneous frame, so it is recommended that extra REFRESH cycles be issued, as
needed.

e The parity error status bit may be read anytime after 'PAR_ALERT_ON + 'PAR_ALERT_PW to determine which
DRAM had the error. The device maintains the error log for the first erroneous co d until the parity error
status bit is reset to a zero or a second CA parity occurs prior to resetting. Q

The mode register for the CA parity error is defined as follows: CA parity late re write only, the parity error
status bit is read/write, and error logs are read-only bits. The DRAM controle only program the parity error
status bit to zero. If the DRAM controller illegally attempts to write a 1 to l?parlty error status bit, the DRAM can
not be certain that parity will be checked; the DRAM may opt to block t RAM controller from writing a 1 to the
parity error status bit.

parity resumes checking after the ALERT n is de-asserted, € he parity error status bit remains a 1. If multiple
errors occur before the error status bit is cleared the erro PR Page 1 should be treated as “Don’t Care.” In

persistent parity error mode the ALERT_n pulse will b d and de-asserted by the DRAM as defined with the
MIN and MAX value 'PAR_ALERT_PW. The DRAM co er must issue DESELECT commands once it detects the
ALERT _n signal, this response time is defined as@ ERT_RSP. The following figures capture the flow of events

on the CA bus and the ALERT _n signal. @

&

§

The device supports persistent parity error mode. This mode j@gled by setting MR5[9] = 1; when enabled, CA
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TABLE 110: MODE REGISTER SETTING FOR CA PARITY

CA Parity Latency Erroneous CA

MR5[2:0]' Applicable Speed Bin Parity Error Status Parity Persistent Mode Frame

000 = Disabled N/A

001 =4 clocks 1600, 1866, 2133

010 =5 clocks 2400 C[2:0], ACT_n, BGT,

011 =6 clocks 2666 MRS5 [4] 0 = Clear MR5 [9] 0 = DisabledMR5 MB;G%]B;/\;\:?':ﬁ’S y

100 = 8 clocks 2933, 3200 MR5 [4] 1 = Error [9] 1 = Enabled CA'S_n, A14/;N;E_n,

101 = Reserved RFU Al13:0]

110 = Reserved RFU

111 = Reserved RFU %

Notes: 1. Parity latency is applied to all commands.

2. 2.Parity latency can be changed only from a CA aN;lsabled state; for example, a di-
rect change from PL = 3 to PL = 4 is not allowed. T correct sequence is PL = 3 to disabled
toPL=4.

3. 3. Parity latency is applied to WRITE an@ atency. WRITE latency = AL + CWL + PL.

READ latency = AL + CL + PL. 2
 \

FIGURE 87: COMMAND/ADDRESS PARITY DURING NcRM..= OPERATION

Tdo

c°";?;r2‘:: % Valid? @( Valid? %W Valid2 ////// 74 N @< Valid >@@< Valid @( DES2 >@@< DES? >@

tPAR_UNKNOWN?

ALERTn | ?) 2 H ! 0 X

Command ex ﬁknown
- Commaqg no uted Don't Care 2 ZTime Break

Command execute

Notes: 1. DRAM is emptying queues. Precharge all and parity checking are off until parity error
status bit is cleared.
2. Command execution is unknown; the corresponding DRAM internal state change may
or may not occur. The DRAM controller should consider both cases and make sure that
the command sequence meets the specifications.

3. Normal operation with parity latency (CA parity persistent error mode disabled). Parity
checking is off until parity error status bit is cleared.

STACKED Technologies Incorporated www.stackedtechnologies.com 198 H|gh Performance, H|gh|y |ntegrated Memory Module

June 23, 2017 STDS-ST9D4512M32DBGO Rev F



ST9D4512M40DBGO

Advanced Information
S>l AKED. STODiSIaNEI08GD

FIGURE 88: PERSISTENT CA PARITY ERROR CHECKING OPERATION

Ta0 Tal Ta2 Tbo Tc0 Tcl Tdo TeO Tel

Valid >@@< Valid >@@< Valid W DES %W DES >@®< DES

‘PAR_ALERT_RSP ‘ t>2nCK t>1nCK+ 3ns
T

Command/ % ) ) >@ ®< )
e/ Valid W Valid Valid

tPAR_UNKNOWN? ‘PAR_ALERT_ON ‘PAR_ALERT_PW'

ALERT_n 2 Z 2 2—\ ? ? 2 ? 2
Command execution unknown

- Command not executed
7 . )
- Command executed - Don't Care EZTlme Break

N
Notes: 1. DRAM is emptying queues. Precharge all and p&c ck re-enable finished by
tPAR_ALERT_PW.

2. 2. Command execution is unknown; the@ onding DRAM internal state change may
f

or may not occur. The DRAM controller consider both cases and make sure that
the command sequence meets the s gtions.

3. 3. Normal operation with parity and parity checking (CA parity persistent error
mode enabled).

FIGURE 89: CA PARITY ERROR CHECKING - SRE ATTEMPT

Command/
Address

t>2nCK | t=1nCK+3ns ‘
i

‘PAR_ALERT_PW' ‘

S

I
ALERT_n 2

- Command not executed

Command executed Don't Care 2 2 Time Break

—_

Notes: Only DESELECT command is allowed.

2. SELF REFRESH command error. The DRAM masks the intended SRE command and enters
precharge power-down.

3. Normal operation with parity latency (CA parity persistent error mode disabled). Parity
checking is off until the parity error status bit cleared.

4. The controller cannot disable the clock until it has been capable of detecting a possible
CA parity error.

5. Command execution is unknown; the corresponding DRAM internal state change may
or may not occur. The DRAM controller should consider both cases and make sure that
the command sequence meets the specifications.

6. Only a DESELECT command is allowed; CKE may go HIGH prior to Tc2 as long as DES
commands are issued.
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FIGURE 90: CA PARITY ERROR CHECKING - SRX ATTEMPT

Tho

Te0 TfO

CK_c
CK_t

Command/
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tXSDLL \

< SRX! >< DES ><Valid 3'5> Command execution unknown O

- Command not executed &\ 2 2

- Command executed v

CKE

Time Break Don't Care

\d

Notes: 1. Self refresh abort = disable: MR4 [9] 5
2. Input commands are bounded byt wtXS, tXS_ABORT, and t™XS_FAST timing.

3. Command execution is unknow @ rresponding DRAM internal state change may

or may not occur. The DRAMopWedler should consider both cases and make sure that
the command sequence m he specifications.
4. Normal operation wit atency (CA parity persistent error mode disabled). Parity

checking off until parity r status bit cleared.

5. Only an MRS (limig&d ® those described in the SELF REFRESH Operation section), ZQCS,
or ZQCL com owed.

6. Valid com requiring a locked DLL.

7. Valid corqp\angp requiring a locked DLL.

s0ows the case from which the error occurred after tXS_FAST. An error may
after tXS_ABORT and XS.

XP + PL

27 WY T 7)Y [

s ‘<_>

[Command/
Address

! VY | N
t>2nCK t>1nCK+3ns
PAR_ALERT_ON | 'PAR_ALERT_PW'
0 0 Ul I 0|
Command execution unknown
- Command not executed
- Command executed Don't Care 2 2 Time Break

Notes: 1. Only DESELECT command is allowed.
2. Error could be precharge or activate.

3. Normal operation with parity latency (CA parity persistent error mode disabled). Parity
checking is off until parity error status bit cleared.
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4. Command execution is unknown; the corresponding DRAM internal state change may
or may not occur. The DRAM controller should consider both cases and make sure that
the command sequence meets the specifications.

5. Only a DESELECT command is allowed; CKE may go HIGH prior to Td2 as long as DES
commands are issued.

FIGURE 92: PARITY ENTRY TIMING EXAMPLE - TMRD_ PAR

command /X Des ¥///X mrs X///X DEs )Q E( oes W/ //X mes X///X oes X///X.

Parity latency PL=0 Updating setting f / PL=
I I I

o
N
I
tMRD_PAR O
Enable \
parity
2 2 Timw Don't Care

-

Note: 1. 'MRD_PAR =tMOD + N; where N is thaeg

mmed parity latency.

FIGURE 93: PARITY ENTRY TIMING EXAMPLE - TMOD PR

CK ¢
CK_t

Command

Parity latency

MOD_PAR

|

Enable

A parity
o 2 Z Time Break Don't Care

Note\J v"MOD_PAR =tMOD + N; where N is the programmed parity latency.

Command /) DES Y7/ mrs X///X DEs )@ E( oes X//7Xwes X7/77X es Y777

Parity latency PL =NUpdat (’19 setting { {
I I I I
tMRD_PAR
Disable
parity

2 2 Time Break Don't Care

Note: 1. 'MRD_PAR=*MOD + N; where N is the programmed parity latency.
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Command/Address Parity

FIGURE 95: PARITY EXIT TIMING EXAMPLE - TMOD_PAR

Command /)X DES Y7/ )X MRS X////X DEs )@ D( DES X(///XValid X7/ X DEs W7/

Parity latency PL=N Updating setting / /
I I I I
‘MOD_PAR
Disable
parity

2 2 Time Break Doq’t Cah

Note: 1. 'MOD_PAR =tMOD + N; where N is the program Qy latency.

FIGURE 96: CA PARITY FLOow DIAGRAM
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Per-DRAM Addressability

DDR4 allows programmability of a single, specific DRAM on a rank. As an example, this feature can be used to
program different ODT or Vygp values on each DRAM on a given rank. Because per-DRAM addressability (PDA)
mode may be used to program optimal Vggg for the DRAM, the data set up for first DQO transfer or the hold time
for the last DQO transfer cannot be guaranteed. The DRAM may sample DQO on either the first falling or second
rising DQS transfer edge. This supports a common implementation between BC4 and BL8 modes on the DRAM.
The DRAM controller is required to drive DQO to a stable LOW or HIGH state during the length of the data trans-
fer for BC4 and BL8
cases.

1. Before entering PDA mode, write leveling is required.

e BL8 or BC4 may be used.
2. Before entering PDA mode, the following MR settings are possible:

® RTT(Park) MR5 A[8:6] = Enable
° RTT(NOM) MRI1 A[10:8] = Enable %
. Enable PDA mode using MR3 [4] = 1. (The default programed value of M
4. In PDA mode, all MRS commands are qualified with DQO. The device DQO by using DQS signals. If
Sl

w

the value on DQO is LOW, the DRAM executes the MRS command. I vlue on DQO is HIGH, the DRAM
ignores the MRS command. The controller can choose to drive all \p bits.
SaXnand and DQO.

o

Program the desired DRAM and mode registers using the MRS
In PDA mode, only MRS commands are allowed.
7. The MODE REGISTER SET command cycle time in PDA n{ogd
PL, is required to complete the WRITE operation to th@ S

i3

AL + CWL + BL/2 - 0.5tCK + t™MRD_PDA +

register and is the minimum time required
between two MRS commands.

8. Remove the device from PDA mode by setting M = 0. (This command requires DQO = 0.)

Note: Removing the device from PDA mode will re ogramming the entire MR3 when the MRS command
is issued. This may impact some PDA values pr g ed within a rank as the EXIT command is sent to the
rank. To avoid such a case, the PDA enable/dj . ontrol bit is located in a mode register that does not have
any PDA mode controls.

In PDA mode, the device captures DQ n QS signals the same as in a normal WRITE operation; however,
dynamic ODT is not supported. Ext 1s required for the ODT setting. If Rrrvomy MR1 [10:8] = enable, de-
vice data termination needs to be?l olled by the ODT pin, and applies the same timing parameters (defined

elow). QA

DODTLon Direct ODT turnon latency
DODTLoff Direct ODT turn off latency
*ADC Rt change timing skew
'AONAS Asynchronous Rrryowmy turn-on delay
'AOFAS Asynchronous Rrrowm) turn-off delay
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FIGURE 97: PDA OPERATION ENABLED, BL8
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DODTLoff = WL-3
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' N
Rer /! Rrreark) /! XX Rrrvom T X:X:z [ PR

P\
NV: 2tCK; and DLL = On.

Note: 1. Ryy(park) = Enable; Rrrvom) = Enable; WRITE preag

MR3 A4=1
(PDA enable)

‘MRD_PDA

DQsS_t
DQS_c

] gg—qi l
@ tPDA_S —»! |« — = PDAH
) ]

DODTLoff = WL-3

Rrrvom) X:X Rroeat [ {

MR3 A4=0

(PDA disable)

CWL+AL+PL

DQsS_t
DQS_c |

DQo

DODTLoff =WL-3

oar 0 || 0

DODTLon =WL -3

Rer Rrripark) 2 8 >O< Rrrinom) m 2 Rrripark)
T

Notes: 1. Ryy(park) = Enable; Rrr(vom) = Enable; WRITE preamble set = 2'CK; and DLL = On.
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VRrerDQ@ Calibration

The Vrgrpq level, which is used by the DRAM DQ input receivers, is internally generated. The DRAM Vgggpq does
not have a default value upon power-up and must be set to the desired value, usually via VgRgppq calibration mode.
If PDA or PPR modes are used prior to Vrggpq calibration, Vggrpg should initially be set at the midpoint between
the Vpp max, and the LOW as determined by the driver and ODT termination selected with wide voltage swing

on the input levels and setup and hold times of approximately 0.75UI. The memory controller is responsible for
VRErDQ calibration to determine the best internal VgRgppq level. The Vrgrpq calibration is enabled/disabled via
MR6[7], MR6(6] selects Range 1 (60% to 92.5% ofVDDQ) or Range 2 (45% to 77.5% ofVDDQ), and an MRS protocol
using MR615:0] to adjust the VREFDQ level up and down. MR6[6:0] bits can be altered using the MRS command if
MR6(7] is disabled. The DRAM controller will likely use a series of writes and reads in conjunction with VRgppq
adjustments to obtain the best Vrgrpq, which in turn optimizes the data eye.

The internal Vrgrp( specification parameters are voltage range, step size, Vggr step time, Vgg full step time, and
Vger valid level. The voltage operating range specifies the minimum required Vg setting range for DDR4 SDRAM
devices. The minimum range is defined by VRgrpQ,min @nd VRErDQ,max- AS noted, a calidation sequence, deter-
mined by the DRAM controller, should be performed to adjust VRgrpg and optimizg ing and voltage margin
of the DRAM data input receivers. The internal VRgppq voltage value may not b within the voltage range
setting coupled with the Vggr set tolerance; the device must be calibrated to (e W¥€ct internal Vrgrp voltage.

v
Q@

FIGURE 100: Vicrpo VOLTAGE RANGE

\Y

REF,max

VRer
range -
/
\ ot ; VREF,min
Q "“‘\ X
" 1,
- ---’. . Seccccccccecea=s ‘\—----
[ '
" 'y
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= == Voung small [ system variance
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TABLE 111: Vierpgo RANGE AND LEVELS

MR6[5:0] Range 1 MR6[6] 0 Range 2 MR6[6] 1 MR6(5:0] Range 1 MR6[6] 0 Range 2 MR6[6] 1
00 0000 60.00% 45.00% 011010 76.90% 61.90%
000001 60.65% 45.65% 011011 77.55% 62.55%
000010 61.30% 46.30% 011100 78.20% 63.20%
000011 61.95% 46.95% 011101 78.85% 63.85%
000100 62.60% 47.60% 011110 79.50% 64.50%
000101 63.25% 48.25% 011111 80.15% 65.15%
000110 63.90% 48.90% 10 0000 80.80% 65.80%
000111 64.55% 49.55% 100001 81.45% 66.45%
00 1000 65.20% 50.20% 100010 82.10% Qe 67.10%
00 1001 65.85% 50.85% 100011 82760 N > 67.75%
001010 66.50% 51.50% 100100 poad 68.40%
001011 67.15% 52.15% 100101 _ 8N05% 69.05%
001100 67.80% 52.80% 100110 “%4.70% 69.70%
001101 68.45% 53.45% 100111 Y 8535% 70.35%
001110 69.10% 54.10% 10 @ 86.00% 71.00%
001111 69.75% 54.75% pd00) 86.65% 71.65%
010000 70.40% 55.40% 1010 87.30% 72.30%
010001 71.05% 5605% (M0 1011 87.95% 72.95%
010010 71.70% 56.70% my M| 101100 88.60% 73.60%
010011 72.35% 57.396N) 101101 89.25% 74.25%
010100 73.00% P92 101110 89.90% 74.90%
010101 73.65% Segdn 101111 90.55% 75.55%
010110 74.30% C030% 11 0000 91.20% 76.20%

\
010111 74.95% 59.95% 110001 91.85% 76.85%
011000 75.60% ’\\S Y 60.60% 110010 92.50% 77.50%
011001 7625% N ) 61.25% 1100110 11 1111 = Reserved

VRkerpo Step Size

The Vggp step size is defined as the step size between adjacent steps. VRgr step size ranges from 0.5% Vppq to 0.8%
Vppq- However, for a given design, the device has one value for Vggr step size that falls within the range.

The Vggr set tolerance is the variation in the Vygp voltage from the ideal setting. This accounts for accumulated
error over multiple steps. There are two ranges for Vggr set tolerance uncertainty. The range of Vggr set tolerance
uncertainty is a function of number of steps n.

The Vygr set tolerance is measured with respect to the ideal line, which is based on the MIN and MAX Vggr value
endpoints for a specified range. The internal Vrgrp( voltage value may not be exactly within the voltage range set-
ting coupled with the Vrgr set tolerance; the device must be calibrated to the correct internal Vggpp( voltage.
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FIGURE 101: EXAMPLE OF Vi SET TOLERANCE AND STEP SIZE

Actual Vggr Y
output

VRer e

," Vi set g
<y tolerance
b Veer
| step s;§

QV Digital Code
()¢

VRkerpo INcrement and Decremer Timing

A
Vier set 3 ‘
tolerance ¢ L]

.
e

The Vgygr increment/decremeg ® times are defined by Vrggtime. VREEtime 1S defined from t0 to t1, where t1 is

referenced to the VREF voltagg afthe final DC level within the Vygr valid tolerance (VRggval _to1)- The Vygp valid level
is defined by Vrggval tolera?ﬂo qualify the step time t1. This parameter is used to insure an adequate RC time

constant behavior of the vokage level change after any Vygp increment/decrement adjustment.
Note:

1. t0 is referenced to the MRS command clock
2. tl is referenced to VRgg ol
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FIGURE 102: Vrerpo TIMING DIAGRAM FOR Vgegrve PARAMETERS

CK_c
CK_t

Command LS/

Vper setting
adjustment

DQ Vger :>< Old Vg setting Updating Vg setting New Vggr setting >

B VREF time & |
y >
t0 \ t1
& Don't Care

calibration mode has been entered, Vrgpp( calibration mode I
been satisfied. Legal commands for Vyggp( calibration rno CT, WR, WRA, RD, RDA, PRE, DES, and MRS to
set VRerpq values, and MRS to exit VRgppq calibration mo so, after VRgpp( calibration mode has been entered,
“dummy” WRITE commands are allowed prior to adj %e VRrerDpQ value the first time VRgrpq calibration is
performed after initialization.

Setting VRerpq values requires MR6(7] be set t R6(6] be unchanged from the initial range selection;
MR6[5:0] may be set to the desired VRgrpq M MR6(7] is set to 0, MR6[6:0] are not written. VRgEtime-short OF
VREEtime-long Must be satisfied after each MR6 gommand to set Vrggp( value before the internal Vrgpp( value is
valid.

If PDA mode is used in conjunctio REFDQ calibration, the PDA mode requirement that only MRS commands
are allowed while PDA mode is %e s not waived. That is, the only Vrgrp( calibration mode legal commands
noted above that may be use MRS commands: MRS to set VRgrpq values and MRS to exit Vrgpp( calibra-

tion mode.

The last MR616:0] setting ‘Wn to MRG6 prior to exiting Vrgrp(q calibration mode is the range and value used for
the internal VRgpp(q setting. Vrerpq calibration mode may be exited when the DRAM is in idle state. After the MRS
command to exit VRgppq calibration mode has been issued, DES must be issued until VREFDQX has been satisfied
where any legal command may then be issued. Vrgrp( setting should be updated if the die temperature changes
too much from the calibration temperature.

The following are typical script when applying the above rules for Vggrp( calibration
routine when performing Vrgrpq calibration in Range 1:

¢ MR6([7:6]10 [5:0]XXXXXXX.

- Subsequent legal commands while in VgRgrpq calibration mode: ACT, WR, WRA, RD, RDA, PRE, DES, and MRS
(to set Vrerpq values and exit Vrgrp( calibration mode).
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All subsequent Vgygrpq calibration MR setting commands are MR6[7:6]10
[5:0]VVVVVV.

- “VVVVVV” are desired settings for VRgrpq.

Issue ACT/WR/RD looking for pass/fail to determine Vcgnt (midpoint) as needed.
To exit VRgrp( calibration, the last two Vgrgrp( calibration MR commands are:

- MR6[7:6]10 [5:0]VVVVVV* where VVVVVV* = desired value for VRgrpg.
— MR6[7]0 [6:0]XXXXXXX to exit VRErpQ calibration mode.

The following are typical script when applying the above rules for Vggpp( calibration routine when performing
VRErDQ calibration in Range 2:

MR6[7:6]11 [5:0]XXXXXXX.

Subsequent legal commands while in Vggpp( calibration mode: ACT, WR, WRA, R%
RDA, PRE, DES, and MRS (to set Vrgrpq values and exit VRgpp( calibration mo@

All subsequent Vgrgrpq calibration MR setting commands are MR6[7:6]11 &\

[5:0]VVVVVV.

- “VVVVVV” are desired settings for VRgrpq.

Issue ACT/WR/RD looking for pass/fail to determine VNt (midp@ needed.
To exit Vggrpq calibration, the last two VREFDQ calibration M ands are:

—MR6[7:6]11 [5:0]VVVVVV* where VVVVVV* = desired valueR FDQ-
— MR6[7]0 [6:0]XXXXXXX to exit Vygepg calibration mon

Note:

Range may only be set or changed when entering VRE% alibration mode; changing range while in or exiting

VRErDQ calibration mode is illegal.

FIGURE 103: Vierpg TRAINING MODE SNTRY AND EXIT TIMING DIAGRAM

{VREFDQX

o o)
VREFDQ trainfgg on New \/REFDQ \/REFDQ training off

value or write value or write

w Don't Care

Notes: 1. New Vggppq values are not allowed with an MRS command during calibration mode
entry.
2. Depending on the step size of the latest programmed Vggg value, Vggr must be satisfied
before disabling Vggepq training mode.
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FIGURE 104: V.- STEP: SINGLE STEP SIZE INCREMENT CASE
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FIGURE 106: Vi FULL STEP: FROM Vgep v TO Viermax CASE

V.. N R

Volta ge V fer max

Veer
? Vooaoo)
VREF,vaLtol

Full range

t1
step

VREF,min

FIGURE 107: Vi FULL STEP: FROM Vgep yax TO Vrermin CAGE
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Vrerpo Target Settings

The Vrgrpq initial settings are largely dependant on the ODT termination settings. The

table below shows all of the possible initial settings available for Vrggpq training; it is
unlikely the lower ODT settings would be used in most cases.
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TABLE 112: Vieepg SETTINGS (Vppo = 1.2V)

Ron oDT Vx - Vi LOW (mV) Vrerpg (MV) Vrerpa (%Vppo)
34 0hm 600 900 75%
40 ohm 550 875 73%
48 ohm 500 850 71%
34 ohm 60 ohm 435 815 68%
80 ohm 360 780 65%
120 ohm 265 732 61%
240 ohm 150 675 56%
34 0hm 700 950 R 79%
40 ohm 655 925 N 77%
48 ohm 600 900 @) 75%
48 ohm 60 ohm 535 855 & N\~ 72%
80 ohm 450 825 ol M 69%
120 ohm 345 7‘\? 64%
240 ohm 200 AN 58%

FIGURE 108: Vierpo EQUIVALENT CIRCUIT

V
W

Ron VRerDQ
?\ : (internal)
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Connectivity Test Mode

Connectivity test (CT) mode is similar to boundary scan testing but is designed to significantly speed up the
testing of electrical continuity of pin interconnections between the device and the memory controller on the PC
boards. Designed to work seamlessly with any boundary scan device,

Contrary to other conventional shift-register-based test modes, where test patterns are shifted in and out of the
memory devices serially during each clock, the CT mode allows test patterns to be entered on the test input pins in
parallel and the test results to be extracted from the test output pins of the device in parallel. These two functions
are also performed at the same time, significantly increasing the speed of the connectivity check. When placed

in CT mode, the device appears as an asynchronous device to the external controlling agent. After the input test
pattern is applied, the connectivity test results are available for extraction in parallel at the test output pins after a
fixed propagation delay time.

Note: A reset of the device is required after exiting CT mode (see RESET and Initialization Procedure).

/\\Oé

Pin Mapping

e Test enable (TEN): When asserted HIGH, this pin cayges\{™ device to enter CT mode. In CT mode, the normal
memory function inside the device is bypassed an O pins appear as a set of test input and output pins to
the external controlling agent. Additionally, thic ill set the internal VRgppq to Vppq x 0.5 during CT mode
(this is the only time the DRAM takes direct gpigo)over setting the internal VRgppg). The TEN pin is dedicated to
the connectivity check function and will no@ ed during normal device operation.

e Chip select (CS_n): When asserted LOW,ghispIn enables the test output pins in the device. When de-asserted,
these output pins will be High-Z. Th in in the device serves as the CS_n pin in CT mode.

e Testinput: A group of pins used dg& ormal device operation designated as test input pins. These pins are
used to enter the test pattern in}i ode.

e Test output: A group of pin uring normal device operation designated as test output pins. These pins are
used for extraction of the @ctivﬁy test results in CT mode.

e RESET_n: This pin mus ed high level during CT mode, as in normal function.
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TABLE 113: CONNECTIVITY MODE PIN DESCRIPTION AND SWITCHING LEVELS

CT Mode
Pins Pin Name During Normal Memory Operation Switching Level Notes
Test enable TEN CMOS (20%/80% Vpp) 1,2
Chip select CS_n VRerca £200mV 3
5 | BALI:0], BGL1:0], A[9:0], A10/AP, AT1, A12/BC_n, A13, WE_n/A14, Veerca £200mV 3
CAS_n/A15,RAS_n/A16, CKE, ACT_n, ODT, CLK_t, CLK_c, PAR
;e;t B |LDM_n/LDBI_n, UDM_n/LDBI_n; DM_n/DBI_n VRerpg £200mV 4
C |ALERT_n CMOS (20%/80% Vpp) 2,5
D |RESET_n CMOS (20%/80% Vpp)
Test DQ[15:0], UDQS_t, UDQS_c, LDQS_t, LDQS_c; DQS_t, DQS_c V7 i@ 6
output P
Notes: 1. TEN: Connectivity test mode is active when TEN i nd inactive when TEN is LOW.

TEN must be LOW during normal operation.

2. CMOS is a rail-to-rail signal with DC HIGH at nd DC LOW at 20% of Vpp (960mV
for DC HIGH and 240mV for DC LOW.)

VREFCA should be VDD/Z.
VREFDQ should be VDDQ/Z. %
ALERT_n switching level is not a@s tting.

V1t should be set to Vpp/2. Q

oV AW

The test input and o
notes

a logical inversign opW¥fation and XOR a logical exclusive OR operation:

MT2 =
MTK% (A0, A7,All)
R (CK_c, ODT, CAS_n/Al5)
XOR (CKE, RAS_n/A16, A10/AP)
%PG =XOR (ACT_n, A4, BA1)
T7 =x16: XOR (DMU_n/DBIU_n, DML_n/DBIL_n, CK_t)
=x8: XOR (BG1, DML_n/DBIL_n, CK_t)

=x4: XOR (BG1, CK_t)
MT8 = XOR (WE_n/Al4, A12 / BC, BAO)

A o oo

Logic Equations

DQO = MT0 DQ10 = INV DQ2
DQ1 = MT1 DQ11=INVDQ3
DQ2 = MT2 DQI2 = INVDQ4
DQ3 = MT3 DQ13 = INVDQ5
DQ4 = MT4 DQ14 = INVDQ6
DQ5 = MT5 DQ15 = INVDQ7
DQ6 = MT6 LDQS_t = MT8

DQ7 = MT7 LDQS_c = MT9

DQ8=INVDQO UDQS_t=INVLDQS._t
DQ9=INVDQl UDQS_c=INVLDQS_c
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CT Input Timing Requirements

Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable. Upon the assertion of the TEN
pin HIGH with RESET _n, CKE and CS_n held HIGH; CLK _t, CLK c, and CKE signals become test inputs within
{CTECT_Valid. The remaining CT in-puts become valid ‘CT_Enable after TEN goes HIGH when CS_n allows input
to begin sampling, provided inputs were valid for at least tCT_Valid. While in CT mode, refresh

activities in the memory arrays are not allowed; they are initiated either externally (auto

refresh) or internally (self refresh).

The TEN pin may be asserted after the DRAM has completed power-on. After the DRAM is initialized and VRggpq is
calibrated, CT mode may no longer be used. The TEN pin may be de-asserted at any time in CT mode. Upon exit-

ing CT mode, the states and the integrity of the original content of the memory array are unknown. A full reset of
the memory device is required.

After CT mode has been entered, the output signals will be stable within !CT_Valid aftd& the test inputs have been
applied as long as TEN is maintained HIGH and CS_n is maintained LOW.

FIGURE 109: CONNECTIVITY TEST MODE ENTRY

Valid input
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CKE Valid input
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RESET_n

TEN

¢ "
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CS_n * ‘
tCTIs
CT Inputs A Valid input W Valid input
CT_Valid tCT_Valid )
CT Outputs Valid W ﬁk Valid
1 T
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Target Row Refresh Mode

Rows can be accessed a limited number of times within a certain time period before adjacent rows require refresh.
The maximum activate count (MAC) is the maximum number of activates that a single row can sustain within a
time interval of equal to or less than the maximum activate window (‘MAW) before the adjacent rows need to be
refreshed, regardless of how the activates are distributed over 'MAW. The row receiving the excessive actives is the
target row (TRn). The two adjacent rows to be refreshed are the victim rows. The MAC values are encoded in MPR
Page 3 MPR3[4:0].

Target row refresh (TTR) mode is not required to be used, and in some cases has been rendered inoperable. DDR4
devices automatically perform TRR mode in the background. Most die will provide an MPR Page 3 MPR3[3:0] of
1000, indicating there is no restriction to the number of ACTIVATE commands to a given row in a refresh period
provided DRAM timing specifications are not violated.

TABLE 114: MAC ENcoDING OF MPR PAGE 3 MPR3

0|0|O0]O Untested The device has not been tested for MAC.‘\
oo 1 | tMAC=700K /\\
00| 1]|o0] tMAC=700K v
00| 1] 1] t™AC=700K

0| 1|0/ 0| tMAC=700K %

0 1]0] 1] t™MAC=700K O\

of1[1]0 Reserved { /V

0

—_
—_
—_

tMAC = 200K NS
110]0]|O0 Unlimited There is no N' tion to the number of AC-

TIVATI mahds to a given row in a re-
freg P provided DRAM timing specifi-

Spre not violated.
110]0]|1 Reserved \q"

S N A Reserve&

NERERE Re@?\‘
N

Note: 1. MAC ervyin MPR Page 3 MPR3.

<
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ACTIVATE Command

The ACTIVATE command is used to open (activate) a row in a particular bank for subsequent access. The value on
the BG[0] input select the bank group, the BA[1:0] inputs select the bank within the bank group, and the address
provided on inputs A[16:0] selects 4the row within the bank. This row remains active (open) for accesses until a
PRECHARGE command is issued to that bank. A PRECHARGE command must be issued before opening a different
row in the same bank. Bank-to-bank command timing for ACTIVATE commands uses two different timing param-
eters, depending on whether the banks are in the same or different bank group. tRRD_S (short) is used for timing
between banks located in different bank groups. tRRD_L (long) is used for timing between banks located in the
same bank group. Another timing restriction for consecutive ACTIVATE commands [issued at tRRD (MIN)] is tFAW
(fifth activate window). Because there is a maximum of four banks in a bank group, the tFAW parameter applies
across different bank groups (five ACTIVATE commands issued at tRRD_L (MIN) to the same bank group would be
limited by tRC).

FIGURE 110: TRRD TIMING
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~ACTIVATE command period (short); applies to consecutive ACTI-
different bank groups (that is, TO and T4).
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Notes: 1. *RRD_S; ACTI
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m Don't Care (Zé Time Break

Note: 1. YFAW; four activate windows.
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PRECHARGE Command

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks.
The bank(s) will be available for a subsequent row activation for a specified time (tRP) after the PRECHARGE com-
mand is issued. An exception to this is the case of concurrent auto precharge, where a READ or WRITE command
to a different bank is allowed as long as it does not interrupt the data transfer in the current bank and does not
violate any other timing parameters.

After a bank is precharged, it is in the idle state and must be activated prior to any READ or WRITE commands be-
ing issued to that bank. A PRECHARGE command is allowed if there is no open row in that bank (idle state) or if the
previously open row is already in the process of precharging. However, the precharge period will be determined by
the last PRECHARGE command issued to the bank.

The auto precharge feature is engaged when a READ or WRITE command is issued with A10 HIGH. The auto
precharge feature uses the RAS lockout circuit to internally delay the PRECHARGE operation until the ARRAY RE-
STORE operation has completed. The RAS lockout circuit feature allows the PRECHARGQE operation to be partially
or completely hidden during burst READ cycles when the auto precharge feature is d. The PRECHARGE
operation will not begin until after the last data of the burst write sequence is pro, tored in the memory array.

REFRESH Command §Q
a

REFRESH Command

The REFRESH command (REF) is used during normal ope@f the device. This command is nonpersistent, so
it must be issued each time a refresh is required. The dgy quires REFRESH cycles at an average periodic inter-
val of 'REFI. When CS_n, RAS_n/A16, and CAS_n/A15 eld LOW and WE_n/A14 HIGH at the rising edge of

the clock, the device enters a REFRESH cycle. All s Of the SDRAM must be precharged and idle for a minimum
of the precharge time, ‘RP (MIN), before the R command can be applied. The refresh addressing is gener-
ated by the internal DRAM refresh controller. akes the address bits “Don’t Care” during a REFRESH com-
mand. An internal address counter suppli¢s the¥ddresses during the REFRESH cycle. No con-trol of the external
address bus is required once this cycle h ted. When the REFRESH cycle has completed, all banks of the
SDRAM will be in the precharged (idle . A delay between the REFRESH command and the next valid com-
mand, except DES, must be gre:t& or equal to the minimum REFRESH cycle time (RFC (MIN).

Note: The ‘RFC timing para pends on memory density.

In general, a REFRESH co needs to be issued to the device regularly every 'REFI interval. To allow for
improved efficiency in schf¢@uling and switching between tasks, some flexibility in the absolute refresh interval is
provided for postponing and pullingin the REFRESH command. A limited number REFRESH commands can be
postponed depending on refresh mode: a maximum of 8 REFRESH commands can be postponed when the device
is in 1X refresh mode; a maximum of 16 REFRESH commands can be postponed when the device is in 2X refresh
mode; and a maximum of 32 REFRESH commands can be postponed when the device is in 4X refresh mode.

When 8 consecutive REFRESH commands are postponed, the resulting maximum interval between the surround-
ing REFRESH commands is limited to 9 x 'REFI. For both the 2X and 4X refresh modes, the maximum consecutive
RE-FRESH commands allowed is limited to 17 x 'REFI2 and 36 x ‘REFI4, respectively.
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A limited number REFRESH commands can be pulled-in as well. A maximum of 8 additional REFRESH com-
mands can be issued in advance or “pulled-in” in 1X refresh mode, a maximum of 16 additional REFRESH com-
mands can be issued when in advance in 2X refresh mode, and a maximum of 32 additional REFRESH commands
can be issued in advance when in 4X refresh mode. Each of these REFRESH commands reduces the number of
regular REFRESH commands required later by one. Note that pulling in more than the maximum allowed RE-
FRESH commands in advance does not further reduce the number of regular REFRESH commands required later,
so that the resulting maximum interval between two surrounding REFRESH commands is limited to 9 x ‘REFI
(Figure 77 (page 134)), 18 x 'RFEI2, or 36 x ‘REFI4. At any given time, a maximum of 16 REF commands can be

issued within 2 x ‘REE 32 REF2 commands can be issued within 4 x 'REE and 64 REF4 commands can be issued
within 8 x ‘REFI4.

FIGURE 112: REFRESH CoMMAND TIMING

o e i L i e L e S e ,,,,,,Jw e G
e AN

‘RFC (MIN)

DRAM must be idle DRAM must be idle

7 ,
zleme sreak  [//] pontcare

Notes: 1. Only DES commands are aIIowe@r%a REFRESH command is registered until tRFC
(MIN) expires.

2. Time interval between tvé ESH commands may be extended to a maximum of 9 x

N\

REFI.

| 9 x 'REFI | ‘REFI 4,‘ [~

A [ - IRFC"‘ ‘+ S~a
mc 8 REF-Commands postponed

FIGURE 114: PuLLING IN REFRESH COMMANDS (EXAMPLE)

{REFI —|  |=— 9% 'REFI ——]
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8 REF-Commands pulled-in
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Temperature-Controlled Refresh Mode

During normal operation, temperature-controlled refresh (TCR) mode disabled, the device must have a REFRESH
command issued once every 'REFI, except for what is allowed by posting (see REFRESH Command section). This
means a REFRESH command must be issued once every 2us if TC is greater than 95°C, 3.9pus if TC is greater than
or equal to 85°C, and once every 7.8us if TC is less than 85°C.

TABLE 115: NORMAL "REFI REFRESH (TCR DISABLED)

_ Normal Temperature Extended Temperature

Tc <45°C
7.8us 7.8us
45°C<T¢ <85°C
° ° 3.9ps’ !
85°C<T <95°C N/A MS' N 3.9us
95°C<Tc 1.9;5.@ 1.9us

Note: 1. If Tcis less than 85°C, the external refresh period&a\\ .8us instead of 3.9us.

When TCR mode is enabled, the device will register the externally supplge
internal refresh period to be longer than '‘REFI of the normal temper.
FRESH commands with the proper gear ratio. TCR mode has two y#
range and the extended temperature range; the correct range € Selected so the internal control operates

correctly. The DRAM must have the correct refresh rate applie{ ex§ernally; the internal refresh rate is determined
by the DRAM based upon the temperature.

RESH command and adjust the
nge, when allowed, by skipping RE-

TCR Mode - Normal Temperature Range

REFRESH commands should be issued to t
mal temperature range (0°C to 85°C). In de, the system guarantees that the temperature does not exceed
85°C. The device may adjust the inter sh period to be longer than 'REFI of the normal temperature range by
skipping external REFRESH comma ith the proper gear ratio when TC is below 45°C. The internal refresh pe-

riod is automatically adjusted iﬁ e DRAM, and the DRAM controller does not need to provide any additional

control.
\/ :
TCR Mode - Extended Temperature Range

REFRESH commands should be issued to the device with the refresh period equal to or shorter than 'REFI of
extended temperature range (greater than 85°C). Even though the external refresh supports the extended tempera-
ture range, the device will adjust its internal refresh period to ‘REFI of the normal temperature range by skipping
external REFRESH commands with proper gear ratio when operating in the normal temperature range (0°C to
85°C). The device may adjust the internal refresh period to be longer than ‘REFI of the normal temperature range
by skipping external REFRESH commands with the proper gear ratio when TC is below 45°C. The internal refresh
period is automatically adjusted inside the DRAM, and the DRAM controller does not need to provide any addi-
tional

control.
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TABLE 116: NORMAL TREFI REFRESH (TCR ENABLED)

_ Normal Temperature Range Extended Temperature Range

Tc <45°C 7.8us >> 7.8Us >>7.8Us
45°C < T¢ < 85°C 7.8us 7.8us 3.9us’ 7.8us
85°C<T¢ <95°C N/A 3.9us

Note: 1. If the external refresh period is 7.8ps, the device will refresh internally at half the listed
refresh rate and will violate refresh specifications.

FIGURE 115: TCR MobpE ExampLE!

Controller 95°C to 85°C 85°C to 45& Below 45°C
REFRESH REFRESH REF r REFRESH
External Internal
tREFI ¢ tREFI i
3.9us 3.9us Internal
REFRESH REFRESH 'REFI
7.5 Internal
<
l i Q tREFI
REFRESH REFRESH \é REFRESH >7.8ps
i i Q Y
REFRESH REFI@ - REFRESH
| @ |
REFRESH RESH REFRESH
REFRESH Q REFRESH
l ; i \j \j
REFRESH REFRESH REFRESH REFRESH
Controller issues REFRESH External REFRESH Every other At low temperature,
commands at extended commands are not external REFRESH more REFRESH commands
commands at extended ignored ignored can be ignored
Note: 1. TCR enabled with extended temperature range selected.
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Fine Granularity Refresh Mode

Mode Register and Command Truth Table

The REFRESH cycle time (‘RFC) and the average refresh interval (‘REFI) can be programmed by the MRS com-
mand. The appropriate setting in the mode register will set a single set of REFRESH cycle times and average refresh
interval for the device (fixed mode), or allow the dynamic selection of one of two sets of REFRESH cycle times and
average refresh interval for the device (on-the-fly mode [OTF]). OTF mode must be enabled by MRS before any
OTF REFRESH command can be issued.

TABLE 117: MRS DEFINITION

MR3[8] MR3[7] MR3[6] |Refresh Rate Mode
0 0 0 Normal mode (fixed 1x)
0 0 1 Fixed 2x %
0 1 0 Fixed 4x f'\
0 1 1 Reserved \V
1 0 0 Reserved ~& A
1 0 1 On-the-fly 1x/2x V“
1 1 0 On-the-fly 1x/4x AQ\‘
1 1 1 Reserved D

There are two types of OTF modes (1x/2x and 1x/4x mode, @t are selectable by programming the appropriate
values into the mode register. When either of the two O es is selected, the device evaluates the BGO bit when
a REFRESH command is issued, and depending on théx us of BGO, it dynamically switches its internal refresh
configuration between 1x and 2x (or 1x and 4x) m , anid then executes the corresponding REFRESH operation.

&

TABLE 118: REFRESH COMMANE T=TH TABLE

\> A[9:0],

SW/A | CAS_n/A WE_n/ A10/ A[12:11], MR3[8:6
Refresh CS n ACT T 5 14 A13 BG1 BGO AP A[20:16] ]
Fixed rate L L L H Vv Vv Vv Vv Oovv
OTF: 1x L - L L H v L v v Tw
OTF: 2x L H L L H \ H \ Vv 101
OTF: 4x L H L L H Vv H \ V 110

'REFI and 'RFC Parameters

The default refresh rate mode is fixed 1x mode where REFRESH commands should be issued with the normal rate;
that is, 'REFI1 = tREFI(base) (for TC < 85°C), and the duration of each REFRESH command is the normal REFRESH
cycle time (‘fRFC1). In 2x mode (either fixed 2x or OTF 2x mode), REFRESH commands should be issued to the
device at the double frequency (‘fREFI2 = tREFI(base)/2) of the normal refresh rate. In 4x mode, the REFRESH com-
mand rate should be quadrupled (tREF14 = 'REFI(base)/4). Per each mode and command type, the 'RFC parameter
has different values as defined in the following table.
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%

For discussion purposes, the REFRESH command that should be issued at the normal refresh rate and has the
normal REFRESH cycle duration may be referred to as an REF1x command. The REFRESH command that should
be issued at the double frequency (‘REFI2 = 'REFI(base)/2) may be referred to as a REF2x command. Finally, the
REFRESH command that should be issued at the quadruple rate (‘REFI4 = 'REFI(base)/4) may be referred to as a
REF4x command.

In the fixed 1x refresh rate mode, only REF1x commands are permitted. In the fixed 2x refresh rate mode, only
REF2x commands are permitted. In the fixed 4x refresh rate mode, only REF4x commands are permitted. When the
on-the-fly 1x/2x refresh rate mode is enabled, both REF1x and REF2x commands are permitted. When the OTF
1x/4x refresh rate mode is enabled, both REF1x and REF4x commands are permitted.

S

TABLE 119: TREFI AND TRFC PARAMETERS

Refresh ~
Mode Parameter 2Gb 4Gb“v 8Gb 16Gb Units
tREFI (base) 78 N 78 TBD s
Ixmode  [tREFI1 0°C<Tc <85°C ‘REFI(base) | ANZmmse) | (REFI(base) tREF(base) s
85°C<Tc £95°C ‘REFl(base)/), { ‘R I(base)/2 | tREFI(base)/2 | tREFI(base)/2 Hs
t N
RFC1 160\(< 260 350 TBD ns
2x mode  [tREFI20°C 0°C < T¢ <85°C tREF(@ tREFI(base)/2 | 'REFl(base)/2 | tREFI(base)/2 s
85°C<T¢ <95°C t}ﬂ:l(b s2)/4 | 'REFI(base)/4 | 'REFI(base)/4 | 'REFI(base)/4 Ms
tRFC2 110 160 260 TBD ns
J/ \v)
4x mode YREFI40°C 0°C<T¢ <85°C -~ EFl(base)/4 | 'REFI(base)/4 | 'REFl(base)/4 | 'REFI(base)/4 ps
85°C<T¢ < 95°\CU tREFI(base)/8 | tREFl(base)/8 | tREFl(base)/8 | tREFl(base)/8 s
tRFC4 > 90 110 160 TBD ns
v
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Y RE SH MODE EXAMPLE

‘ Normal Temperature Operation - 0°C to 85°C ‘ ‘ Extended Temperature Operation — 0°C to 95°C

xMode
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Changing Refresh Rate

If the refresh rate is changed by either MRS or OTE New 'REFI and ‘RFC parameters will be applied from the mo-
ment of the rate change. When the REF1x command is issued to the DRAM, 'REF1 and 'RFC1 are applied from the
time that the command was issued; when the REF2x command is issued, 'REF2 and ‘RFC2 should be satisfied.

FIGURE 117: OTF REFRESH CoMMAND TIMING

CK_c

YRFC1 (MIN) tRFC2 (MIN)

‘REFI REFI2
Q Don't Care

N
The following conditions must be satisfied before the refresh rate can be ch(&g ?Otherwise, data retention can-
not be guaranteed.

e In the fixed 2x refresh rate mode or the OTF 1x/2x refresh mode, a iumber of REF2x commands must be
issued because the last change of the refresh rate mode with a ommand before the refresh rate can be
changed by another MRS command.

e In the OTF1x/2x refresh rate mode, an even number of l@ mmands must be issued between any two

REF1x commands.

¢ In the fixed 4x refresh rate mode or the OTF 1x/4x ode, a multiple-of-four number of REF4x commands
must be issued because the last change of the refres\g®te with an MRS command before the refresh rate can be
changed by another MRS command. Q

e In the OTF1x/4x refresh rate mode, a multiglepoMour number of REF4x commands must be issued between any
two REF1x commands.

There are no special restrictions for th, x refresh rate mode. Switching between fixed and OTF modes keep-
ing the same rate is not regarded as§ re&gesh rate change.

N

Usage with TCR Mod<c

If the temperature controll

H refresh mode is enabled, only the normal mode (fixed 1x mode, MR3[8:6] = 000) is al-
lowed. If any other refresh mode than the normal mode is selected, the temperature controlled refresh mode must
be disabled.

Self Refresh Entry and Exit

The device can enter self refresh mode anytime in 1x, 2x, and 4x mode without any restriction on the number of
REFRESH commands that have been issued during the mode before the self refresh entry. However, upon self re-
fresh exit, extra REFRESH com-mand(s) may be required, depending on the condition of the self refresh entry.

The conditions and requirements for the extra REFRESH command(s) are defined as follows:

¢ In the fixed 2x refresh rate mode or the enable-OTF 1x/2x refresh rate mode, it is recommended there be an even
number of REF2x commands before entry into self refresh after the last self refresh exit, REF1x command, or
MRS command that set the refresh mode. If this condition is met, no additional REFRESH commands are
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required upon self refresh exit. In the case that this condition is not met, either one extra REF1x command or
two extra REF2x commands must be issued upon self refresh exit. These extra REFRESH commands are not
counted toward the computation of the average refresh interval (‘REFI).

¢ In the fixed 4x refresh rate mode or the enable-OTF 1x/4x refresh rate mode, it is recommended there be a
multiple-of-four number of REF4x commands before entry into self refresh after the last self refresh exit, REF1x
command, or MRS command that set the refresh mode. If this condition is met, no additional refresh com-
mands are required upon self refresh exit. When this condition is not met, either one extra REF1x command or
four extra REF4x commands must be issued upon self refresh exit. These extra REFRESH commands are not
counted toward the computation of the average refresh interval (‘REFI).

There are no special restrictions on the fixed 1x refresh rate mode.

the additional REFRESH command(s) described above is independent of the requir for the postponed RE-

This section does not change the requirement regarding postponed REFRESH commg ds. The requirement for
FRESH commands.
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SELF REFRESH Operation

The SELF REFRESH command can be used to retain data in the device, even if the rest of the system is powered
down. When in self refresh mode, the device retains data without external clocking. The device has a built-in timer
to accommodate SELF REFRESH operation. The SELF REFRESH command is defined by having CS_n, RAS_n,
CAS_n, and CKE held LOW with WE_n and ACT_n HIGH at the rising edge of the clock.

Before issuing the SELF REFRESH ENTRY command, the device must be idle with all banks in the precharge state
and tRP satisfied. Idle state is defined as: All banks are closed (‘RP, !DAL, and so on, satisfied), no data bursts are in
progress, CKE is HIGH, and all timings from previous operations are satisfied (‘MRD, tMOD, 'RFC, ZQinit, 'ZQoper,
ZQCS, and so on). After the SELF REFRESH ENTRY command is registered, CKE must be held LOW to keep the
device in self refresh mode. The DRAM automatically disables ODT termination, regardless of the ODT pin, when
it enters self refresh mode and automatically enables ODT upon exiting self refresh. During normal operation
(DLL_on), the DLL is automatically disabled upon entering self refresh and is automatically enabled (including a
DLL reset) upon exiting self refresh.

When the device has entered self refresh mode, all of the external control signals, ex KE and RESET n, are
“Don’t Care.” For proper SELF REFRESH operation, all power supply and referengPX™ (Vpp, Vppg, Vss, Vssq, Vep,
and Vyggca) must be at valid levels. The DRAM internal VREFDQ generator c1r ay remain on or be turned
off depending on the MRx bit Y setting. If the internal Vrggpq circuit is on 1& resh, the first WRITE operation
or first write-leveling activity may occur after XS time after self refresh e DRAM internal VRggpq circuitry
is turned off in self refresh, it ensures that the Vrgrpq generator circuitrfNs\owered up and stable within the
XSDLL period when the DRAM exits the self refresh state. The first W@)peratlon or first write-leveling activity
may not occur earlier than 'XSDLL after exiting self refresh. The itiates a minimum of one REFRESH com-
mand internally within the 'CKE period once it enters self refr

to save power. The minimum time that the de-
. The user may change the external clock frequency
or halt the external clock 'CKSRE/!CKSRE_PAR after s

be restarted and tCKSRX must be stable before theiem can exit SELF REFRESH operation.

The procedure for exiting self refresh requires nce of events. First, the clock must be stable prior to CKE go-
and (SRX, combination of CKE going HIGH and DESELECT on

the command bus) is registered, the follgwgng pithing delay must be satisfied:

Commands that do not require locke

* XS =ACT, PRE, PREA, REE SRE/

E.

commands. For an MRS command, only DRAM CL, WR/RTP register, and
ister in MR1; the CWL and Ryp(wr) registers in MR2; and gear-down mode regis-
ter in MR3; WRITE and preamble registers in MR4; Ryrpark) register in MR5; 'CCD_L/'!DLLK and VRgrpq
calibration value registety in MR6 may be accessed provided the DRAM is not in per-DRAM mode. Access to
other DRAM mode registers must satisfy XS timing. WRITE commands (WR, WRS4, WRS8, WRA, WRAS4, and
WRASS8) that require synchronous ODT and dynamic ODT controlled by the WRITE command require a locked
DLL.
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Commands that require locked DLL in the normal operating range:

* XSDLL-RD, RDS4, RDS8, RDA, RDAS4, and RDAS8 (unlike DDR3, WR, WRS4, WRS8, WRA, WRAS4, and WRASS8
because synchronous ODT is required).

Depending on the system environment and the amount of time spent in self refresh, ZQ CALIBRATION com-
mands may be required to compensate for the voltage and temperature drift described in the ZQ CALIBRATION
Commands section. To issue ZQ CALIBRATION commands, applicable timing requirements must be satisfied (see
the ZQ Calibration Timing figure).

CKE must remain HIGH for the entire self refresh exit period 'XSDLL for proper operation except for self refresh
re-entry. Upon exit from self refresh, the device can be put back into self refresh mode or power-down mode after
waiting at least XS period and issuing one REFRESH command (refresh period of tRFC). The DESELECT com-
mand must be registered on each positive clock edge during the self refresh exit interval XXS. ODT must be turned
off during XSDLL.

The use of self refresh mode introduces the possibility that an internally timed r vent can be missed when
CKE is raised for exit from self refresh mode. Upon exit from self refresh, the K quires a minimum of one
extra REFRESH command before it is put back into self refresh mode.

@?‘

FIGURE 118: SELF REFRESH ENTRY/EXIT TIMING

T Ta0 ThO

A A

'CKSRE/ 'CKSRE_PAR
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ADDR YR/ Y YR WY 7 @( valid >@ &( Valid )@ @( valid

tRp xS

{CKSRX

IXSDLL

Enter Self Refresh Exit Self Refresh

Don't Care 2 2 Time Break

Notes: 1. Only MRS (limited to those described in the SELF REFRESH Operation section), ZQCS, or
ZQCL commands are allowed.

2. Valid commands not requiring a locked DLL.
3. Valid commands requiring a locked DLL.
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FIGURE 119: SELF REFRESH ENTRY/EXIT TIMING WITH CAL MoDE

~
Notes: QAL = 3nCK, *CPDED = 4nCK, tCKSRE/t*CKSRE_PAR = 8nCK, tCKSRX = 8nCK, tXS_FAST =
REFC4 (MIN) + 10ns.
2. CS_n=HIGH, ACT_n ="Don’t Care,” RAS_n/A16 ="Don’t Care,” CAS_n/A15 ="Don't
Care,” WE_n/A14 ="Don’t Care.”

3. 3.0nly MRS (limited to those described in the SELF REFRESH Operations section), ZQCS,
or ZQCL commands are allowed.

Self Refresh Abort

The exit timing from self refresh exit to the first valid command not requiring a locked DLL is XS. The value of XS
is ("RFC + 10ns). This delay allows any refreshes started by the device time to complete. 'RFC continues to grow
with higher density devices, so XS will grow as well. An MRS bit enables the self refresh abort mode. If the bit is
disabled, the controller uses XS timings (location MR4, bit 9). If the bit is enabled, the device aborts any ongo-

ing refresh and does not increment the refresh counter. The controller can issue a valid command not requiring
alocked DLL after a delay of tXXS_ABORT. Upon exit from self refresh, the device requires a minimum of one extra
REFRESH command before it is put back into self refresh mode. This requirement remains the same irrespective of
the setting of the MRS bit for self refresh abort.
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FIGURE 120: SELF REFRESH ABORT

TO T Ta0 ThO Tco

CA WA ///////////4%////////fj

CK_c
CK_t

'CKSRE/ 'CKSRE_PAR tCKSRX

‘CPDED

o ) ) ) RN Y

| tCKESR/ {CKESR_PAR

|

CKE

oot )y LTI Lrinin AU A i, A | R0 | LAY v X

IXS_FAST

Command % DES W SRE >@@< DES >Qy d% ﬂV %
ALY R 2

tRP

W Valid? >@ @< Va‘lid3 X
@( Valid >@ @( Valid )@ @( valid )}

tXS_ABORT

@?“‘
OQ‘

Enter Self Refresh Exit Self Refresh

Don't Care 2 2 Time Break

Notes: 1. Only MRS (limited to t %«ibed in the SELF REFRESH Operation section), ZQCS, or
ZQCL commands are all .

2. Valid commands uiring a locked DLL with self refresh abort mode enabled in the

mode register.
3. Valid com uiring a locked DLL.

tion. This special use of NOP 3

DRAM(s) in maximum poweén ing mode. Self refresh mode may exit with NOP commands provided:

* The device entered self Nfresh mode with CA parity and CAL disabled.
* IMPX_S and '™MPX_LH are satisfied.
e NOP commands are only issued during '™MPX_LH window.

No other command is allowed during the '™MPX_LH window after an SELF REFRESH EXIT (SRX) command is
issued.
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FIGURE 121: SELF REFRESH EXIT wiTH NOP COMMAND
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Power-Down Mode

Power-down is synchronously entered when CKE is registered LOW (along with a DESELECT command). CKE is
not allowed to go LOW when the following operations are in progress: MRS command, MPR operations, ZQCAL
operations, DLL locking, or READ/ WRITE operations. CKE is allowed to go LOW while any other operations, such
as ROW ACTIVATION, PRECHARGE or auto precharge, or REFRESH, are in progress, but the power-down IDD
specification will not be applied until those operations are complete. The timing diagrams that follow illustrate
power-down entry and exit.

For the fastest power-down exit timing, the DLL should be in a locked state when power-down is entered. If the
DLL is not locked during power-down entry, the DLL must bereset after exiting power-down mode for proper
READ operation and synchronous ODToperation. DRAM design provides all AC and DC timing and voltage speci-
fication as well as proper DLL operation with any CKE intensive operations as long as the controller complies with
DRAM specifications.

precharge power-down mode; if any bank is open after inprogress commands are c ted, the device will be in

During power-down, if all banks are closed after any in-progress commands are comgeted, the device will be in
active power-down mode.

Entering power-down deactivates the input and output buffers, excluding Clg =and RESET_n. In power-down
mode, DRAM ODT input buffer deactivation is based on MRx bit Y. If it is cdni¥gured to Ob, the ODT input buffer

remains on and the ODT input signal must be at valid logic level. If it isc red to 1b, the ODT input buffer is
deactivated and the DRAM ODT input signal may be floating and thg dANge does not provide Rtrnowm) termina-
tion. Note that the device continues to provide Ryp(pak) terminatigs s enabled in the mode register MRa bit

B. To protect internal delay on the CKE line to block the input sigh@S™multiple DES commands are needed during
the CKE switch off and on cycle(s); this timing period is defin @ PDED. CKE LOW will result in deactivation of
command and address receivers after 'CPDED has expire(

&

TABLE 120: POWER-DOWN EV (PY CEFINITIONS

Power-
DRAM Status Down Exit |Relevant Parameters
Active n Fast tXP to any valid command.
(a bank or more open) Q
Precharged \A " On Fast tXP to any valid command.
(all banks prechaiyed)

The DLL is kept enabled during precharge power-down or active power-down. In power-down mode, CKE is LOW,
RESET_n is HIGH, and a stable clock signal must be maintained at the inputs of the device. ODT should be in a
valid state, but all other input signals are “Don’t Care.” (If RESET_n goes LOW during power-down, the device will
be out of power-down mode and in the reset state.) CKE LOW must be maintained until {‘CKE has been satisfied.
Power-down duration is limited by 9 x '‘REFI.

The power-down state is synchronously exited when CKE is registered HIGH (along with DES command). CKE
HIGH must be maintained until ‘CKE has been satisfied. The ODT input signal must be at a valid level when the
device exits from power-down mode, independent of MRx bit Y if Rrrnowmy is enabled in the mode register. If
Rrrvowmy is dis-abled, the ODT input signal may remain floating. A valid, executable command can be applied
with power-down exit latency, XP, and/or XPDLL after CKE goes HIGH. Powerdown exit latency is defined in the
AC Specifications table.
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FIGURE 122: AcTIVE POWER-DOWN ENTRY AND EXIT
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Notes: 1. Valid co

at TO are ACT, DES, or PRE with one bank remaining open after comple-
ECHARGE command.

iven to a valid state; MR5[5] = 0 (hormal setting).
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FIGURE 123: POWER-DOWN ENTRY AFTER READ AND READ WITH AUTO PRECHARGE

Ta4
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‘ 'WRAPDEN ))
‘ 17 1r
Power-Down
entry
Transitioning Data %Tumesmak Don't Care
Notes: 1. DI n (or b) =data-in from column n (or b).
2. Valid commands at TO are ACT, DES, or PRE with one bank remaining open after comple-
tion of the PRECHARGE command.
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FIGURE 125: POWER-DOWN ENTRY AFTER WRITE
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FIGURE 127: REFRESH CoMmMAND TO POWER-DOWN ENTRY
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FIGURE 128: AcTIVE COMMAND TO POWER-DOWN ENTI(Y
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FIGURE 129: PRECHARGE/PRECHARGE ALL CoMmMAND TO POWER DOWN ENTRY
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Power-Down Clarifications - Case 1

When CKE is registered LOW for power-down entry, tPD (MIN) must be satisfied before CKE can be registered
HIGH for power-down exit. The minimum value of parameter 'PD (MIN) is equal to the minimum value of param-
eter 'CKE (MIN) as shown in the Timing Parameters by Speed Bin table. A detailed example of Case 1 follows.
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FIGURE 131: POWER-DOWN ENTRY/EXIT CLARIFICATIONS - CASE 1
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Power-Down Entry, Exit Timing with CAL

Command/Address latency is used and additional ti
noted in the following figures.
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FIGURE 132: AcTIVE POWER-DOWN ENTRY AND EXIT TIMING WITH CAL
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FIGURE 133: REFRESH CoMmMAND TO POWER-DOWN ENTRY WITH CAL
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ODT Input Buffer Disable Mode for Power-Down
ODT Input Buffer Disable Mode for Power-Down

ODT input buffer disable mode, when enabled via MR5[5], will prevent the device from providing Rrrnowm) termi-
nation during power-down for additional power savings.

The internal delay on the CKE path to disable the ODT buffer and block the sampled output must be accounted
for; therefore, ODT must be continuously driven to a valid level, either LOW or HIGH, when entering power-down.
However, after 'CPDED (MIN) has been satisfied, the ODT signal may float.

When ODT input buffer disable mode is enabled, Rypnowm) termination corresponding to sampled ODT after CKE
is first registered LOW (and 'ANPD before that) may not be provided. tANPD is equal to (WL - 1) and is counted
backward from PDE, with CKE registered LOW.

FIGURE 134: ODT PowER-DowN ENTRY WITH ODT BUFFER DISABLE NMOME
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FIGURE 135: ODT PowER-DowN ExIT wiTH ODT BUFFER DISABLE MODE
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CRC Write Data Feature
CRC Write Data

The CRC write data feature takes the CRC generated data from the DRAM controller and compares it to the inter-
nally CRC generated data and determines whether the two match (no CRC error) or do not match (CRC error).

FIGURE 136: CRC WRITE DATA OPERATION
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WRITE CRC DATA Operatioi®

A DRAM controller generate ® checksum using a 72-bit CRC tree and forms the write data frames, as shown
in the following CRC data§ g tables. The device has two identical CRC trees each, one for the lower byte and

one for the upper byte, wi input data bits used by each, and the remaining upper 8 bits on each byte depend-
ant upon whether DM_n/DBI_n is used (1s are sent when not used). The memory controller must send 1s in trans-
fer 9 location whether or not DM_n/DBI_n is used.

The DRAM checks for an error in a received code word D[71:0] by comparing the received checksum against the
computed checksum and reports errors using the ALERT n signal if there is a mismatch. The DRAM can write data
to the DRAM core without waiting for the CRC check for full writes when DM is disabled. If bad data is written to
the DRAM core, the DRAM memory controller will try to overwrite the bad data with good data; this means the
DRAM controller is responsible for data coherency when DM is disabled. However, in the case where both CRC
and DM are enabled via MRS (that is, persistent mode), the DRAM will not write bad data to the core when a

CRC error is detected.
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DBI_n and CRC Both Enabled

The DRAM computes the CRC for received written data D[71:0]. Data is not inverted back based on DBI before it is
used for computing CRC. The data is inverted back based on DBI before it is written to the DRAM core.

DM_n and CRC Both Enabled

When both DM and write CRC are enabled in the DRAM mode register, the DRAM calculates CRC before sending
the write data into the array. If there is a CRC error, the DRAM blocks the WRITE operation and discards the data.
The Nonconsecutive WRITE (BL8/BC4-OTF) with 2tCK Preamble and Write CRC in Same or Different Bank Group
and the WRITE (BL8/BC4-OTF/Fixed) with 1tCK Preamble and Write CRC in Same or Diﬁ”?rem‘ BankGroup figures in

the WRITE Operation section show timing differences when DM is enabled.

DM_n and DBI_n Conflict During Writes with CRC Enabled

Both write DBI_n and DM_n can not be enabled at the same time; read DOR\h and DM_n can be enabled at the
same time. ’

CRC and Write Preamble Restrictions
When write CRC is enabled:

¢ And 1'CKWRITE preamble mode is enabled, a {CC CD_L of 4 clocks is not allowed.
* And 2!CKWRITE preamble mode is enabled, a W@_S r 'CCD_L of 6 clocks is not allowed.

CRC Simultaneous Operation Restiicuons

rites nor per-DRAM mode is allowed.

v‘ is the ATM-8 HEC, X8 + X2 + X1 + 1.

A combinatorial logic block implementation of this 8-bit CRC for 72 bits of data in-cludes 272 two-input XOR gates
contained in eight 6-XOR-gate-deep trees.

The CRC polynomial and combinatorial logic used by DDR4 is the same as used on GDDR5.

The error coverage from the DDR4 polynomial used is shown in the following table.

TABLE 121: CRC ERROR DETECTION COVERAGE

Error Type Detection Capability
Random single-bit errors 100%
Random double-bit errors 100%
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TABLE 121: CRC ERROR DETECTION COVERAGE (CONTINUED)

Error Type Detection Capability
Random odd count errors 100%
Random multibit Ul vertical column error 100%
detection excluding DBI bits

CRC Combinatorial Logic Equations

module CRC8_D72;
// polynomial: (012 8)

//initial condition all 0 implied

/14N =XOR &\

// data width: 72
/1 convention: the first serial data bit is D[71] é

function [7:0]
nextCRC8_D72;

input [71:0] Data; ;

input [71:0] D;

reg [7:0] CRG; Q~

begin O

D = Data; Q

CRC[0] =

D[69]AD[68]AD[67]1AD[66]AD[64]AD[63]/ AD[56]AD[54]AD[53]AD[52]AD[50]AD[49
ADM[34

1A"D[48]AD[45]AD[43]AD[40]AD[39]A |AD[34]AD[31]AD[30]AD[28]AD[23]AD[21]AD[1
9]AD[18]AD[16]AD[14]AD[12]ADI8 @D[G]/\D[O];
CR([1] = Q

D[70]AD[66]AD[65]"D[63]A 1D[60]AD[57]AD[56]AD[55]AD[52]AD[51]AD[48]AD[46
1A"D[45]AD[44]AD[43]AD] 39]17D[36]AD[34]7D[32]AD[30]AD[29]AD[28]AD[24]AD[2
3]1AD[22]ADI[21] /\Dﬂ AD[17]AD[16]AD[15]AD[14]AD[13]AD[12]AD[9]AD[6]AD[1
1ADI0};

CR([2] =
D[71]AD[69] /%@D [(63]7D[62]AD[61]AD[60]AD[58]AD[57]AD[54]AD[50]AD[48]AD[47
4

1A"D[46]"D[4 431"D[42]AD[39]7D[37]1"D[34]AD[33]AD[29]AD[28]AD[25]AD[24]AD[2
2]AD[17]AD[15]AD[13]AD[12]AD[10]AD[8]AD[6]AD[2]AD[1]AD[0];

CRC[3] =
D[70]AD[69]AD[64]AD[63]AD[62]AD[61]AD[59]AD[58]AD[55]AD[51]AD[49]AD[48]AD[47
1AD[45]"D[44]AD[43]AD[40]AD[38]AD[35]AD[34]AD[30]AD[29]AD[26]AD[25]AD[23]AD[1
8]AD[16]AD[14]AD[13]AD[11]AD[9]AD[7]AD[3]AD[2]AD[1];

CR(C[4] =
D[71]AD[70]AD[65]AD[64]AD[63]AD[62]AD[60]AD[59]AD[56]AD[52]AD[50]AD[49]"AD[48
1AD[46]7D[45]AD[44]7AD[41]1/D[39]AD[36]AD[35]AD[31]AD[30]AD[27]AD[26]AD[24]7AD[1
9]AD[17]AD[15]AD[14]AD[12]AD[10]AD[8]AD[4]AD[3]AD[2];

CRC(C[5] =
D[71]1AD[66]AD[65]"D[64]AD[63]AD[61]AD[60]AD[57]AD[53]AD[51]AD[50]AD[49]AD[47
1AD[46]/D[45]AD[42]AD[40]"D[37]AD[36]AD[32]AD[31]AD[28]AD[27]AD[25]AD[20]"D[1
8]AD[16]AD[15]AD[13]AD[11]AD[9]AD[5]AD[4]AD[3];
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CR([6] =
D[67]7D[66]AD[65]AD[64]AD[62]AD[61]AD[58]AD[54]AD[52]AD[51]AD[50]AD[48]AD[47
IA"D[46]AD[43]7AD[41]ADI[38]AD[37]"D[33]AD[32]AD[29]AD[28]AD[26]AD[21]AD[19]AD[1
717"D[16]AD[14]AD[12]AD[10]AD[6]AD[5]ADI[4];

CR([7] =
D[68]AD[67]AD[66]D[65]"D[63]AD[62]AD[59]AD[55]AD[53]AD[52]AD[51]AD[49]"D[48
IA"D[47]AD[44]7D[42]AD[39]AD[38]D[34]AD[33]AD[30]AD[29]AD[27]D[22]AD[20]AD[1
8]AD[17]ADI[15]AD[13]AD[11]AD[7]AD[6]ADI[5];

nextCRC8_D72 = CRG;

Burst Ordering for BL8

DDRA4 supports fixed WRITE burst ordering [A2:A1:A0 = 0:0:0] when write CRC is ena@n BLS8 (fixed).

CRC Data Bit Mapping

covers data bits D[71:0], and CRC[15:8] covers data bits D[143:72].

X

The x16 die are treated as two x8 devices; a x16 device will have two i@c trees implemented. CRC[7:0]
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TABLE 122: CRC DATA MAPPING FOR BL8

Func- Transfer

tion 0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1

DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1

DQ7 D56 D57 D58 D59 D60 D61 D62 D63 %7 1
LDM_n/ | D64 D65 D66 D67 D68 D69 D70 D7, ) 1 1

LDBI_n LA\
D8 | D72 | D73 | D74 | D75 | p7e | D77 | D78 ANQI¥ | cres 1
DQ9 | D80 | D81 | D82 | D83 | Ds4 | Dss s\oPSD87 | CRCo |1
DQlo | D88 | D89 | Doo | D91 | D92 | D93 D95 | CRC10 | 1

DQ11 | D96 | D97 | D98 | D99 | D100 | D1 @ﬁz D103 | CRC11 1
DQ12 | D104 | D105 | D106 | D107 | D108 | TN D110 | D111 | CRCI2 | 1

DQ13 D112 D113 D114 D115 D11 D118 D119 | CRC13 1
DQ14 D120 D121 D122 D123 D125 D126 D127 | CRC14 1
DQ15 D128 D129 D130 D131 \ D133 D134 D135 | CRC15 1
UDM_n/| D136 D137 D138 DlQ) D1v40 D141 D142 D143 1 1

UD_n %

CRC Enabled With BC4

If CRC and BC4 are both enablea dress bit A2 is used to transfer critical data first for BC4 writes.

a
CRC with BC4 Data E Mupping

There are two identical CRC trees for x16 devices, each have CRC tree inputs of 36 bits.

When A2 =0, input bits D[67:64] are used if DBI_n or DM_n functions are enabled; if DBI_n and DM_n are disa-
bled, then D[67:64] are 1s. The input bits D[139:136] are used if DBI_n or DM_n functions are enabled; if DBI_n
and DM_n are disabled, then D[139:136] are 1s.

When A2 = 1, data bits D[7:4] are used as inputs for D[3:0], D[15:12] are used as inputs for D[11:8], and so forth, for
the CRC tree. Input bits D[71:68] are used if DBI_n or DM_n functions are enabled; if DBI_n and DM_n are disa-
bled, then D[71:68] are 1s. The input bits D[143:140] are used if DBI_n or DM_n functions are enabled; if DBI_n
and DM_n are disabled, then D[143:140] are 1s.
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TABLE 123: CRC DATA MAPPING FOR BC4
Transfer
Function 0 1 2 3 4 6 7 8 9

DQO DO D1 D2 D3 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 CRC 1
DQ2 D16 D17 D18 D19 1 1 1 CRC2 1
DQ3 D24 D25 D26 D27 1 1 1 CRC3 1
DQ4 D32 D33 D34 D35 1 1 1 CRC4 1
DQ5 D40 D41 D42 D43 1 NE CRC5 1
DQ6 D48 D49 D50 D51 1 R CRC6 1
DQ7 D56 D57 D58 D59 1 R Q A CRC7 1

LDM_n/LDBI_n | D64 D65 D66 D67 1 AN 1 1 1
DQ8 D72 D73 D74 D75 1 AL 1 CRC8 1
DQ9 D80 D81 D82 D83 1 “‘;b 1 1 CRCO 1
DQ10 D88 D89 D90 D91 1 %‘ M 1 CRC10 1
DQ11 D96 D97 D98 D99 1 % 1 1 CRC11 1
DQ12 D04 | Dios | Dios | D107 | 1\ 1 1 CRC12 1
DQ13 D112 D113 p114 | D115 [\ 1 1 CRC13 1
DQ14 D120 | D121 D122 D123\$1 1 1 CRC14 1
DQ15 D128 | D129 | D130 | py Y 1 1 CRC15 1

UDM_n/UDBI_n | D136 | D137 | D138 1 1 1 1 1
DQO D4 D5 D7 1 1 1 CRCO 1
DQ1 D12 D13 (N | D5 1 1 1 CRC1 1
DQ2 DO D21 \%22 D23 1 1 1 CRC2 1
DQ3 D28 | AN D30 D31 1 1 1 CRC3 1
DQ4 D36 o N\ D38 D39 i 1 1 CRC4 1
DQ5 D44 ?‘045 D46 D47 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 CRC6 1
DQ7 D60 D61 D62 D63 1 1 1 CRC7 1

LDM_n/LDBLn | D68 D69 D70 D71 1 1 1 1 1
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TABLE 123: CRC DATA MAPPING FOR BC4 (CONTINUED)

Transfer

Function 0 1 2 3 4 5 6 7 8 9
DQ8 D76 D77 D78 D79 1 1 1 1 CRC8 1
DQ9 D84 D85 D86 D87 1 1 1 1 CRC9 1
DQ10 D92 D93 D94 D95 1 1 1 1 CRC10 1
DQ11 D100 D101 D102 D103 1 1 1 1 CRC11 1
DQ12 D108 D109 D110 D111 1 1 1 1 CRC12 1
DQ13 D116 D117 D118 D119 1 1 1 1 CRC13 1
DQ14 D124 D125 D126 D127 1 1 1 N 1 CRC14 1
DQ15 D132 D133 D134 D135 1 1 1 1 CRC15 1
UDM_n/UDBI_n D140 D141 D142 D143 1 1 1 1 1 1

CRC Equations for x8 Device in BC4 Mode with A2 =0 and A2 := i

The following example is of a CRC tree when x8 is u BC4 mode (x4 and x16 CRC
trees have similar differences). O

CR(C|[0], A2=0 = %
IAIAD[67]/\D[66]/\D[64]/\1/\1/\D[56]’\1/\1/$ |AD[49]AD[48]A1AD[43]AD[40]A1AD([3
5]/\D[34]/\1/\1/\1/\IAIAD[IQ]AD[IS]/\D[IN 1AD[8] A1A1A DIO]

CR(C[0], A2=1 =

1INIAD[71]AD[70]AD[68]A1A1IAD AIADI[54]AD[53]AD[52]A1AD[47]AD[44]A11ADI[3
9]AD[38]AIAIAIAIATIAD 23N NP[20]NIAIAD([12]AMNAD(4]

CR([1], A2=0 =

1AD[66]AD[65]M1A1A] IAD[56]A1A1IAD([51]AD[48]AN1AIATAD[43]AD[41]1M1A1AD[34
IAD[32]AIAIATIAD[2AN 1IANIAD([18]AD[17]AD[16]AIAIAIALIAD[9] A1A D[1]ADI0];
CR([1], A2=1 =

1AD[70]AD[69 ATAD[61]AD[60]AIAIAD[S5]AD[52]AIAIAIAD[47]AD[45]M1A1AD([38
IA"D[36]A1A1 SININIAIAIAD[22]AD[21]AD[20]AMIATIAIAIAD[13]AMAD([5]AD[4];

CR([2], A2=0 =
INIATIAIAIAIATIAD[S8]ADI57]AN1AD[50]AD[48] A 1AIATIAD([43]AD[42]AM1AM1AD[34]AD(33]M1
ANAD[25]AD[24]AIAD[17]AMIAIATIAD(10]AD([8] A1AD[2]AD[1]AD[0];

CR(C[2], A2=1 =
INIATAIAIAIATIAD[62]AD[61]A1IAD[54]AD[52]A1AIATIAD[47]AD[46]A1A1AD[38]AD(37]M1
ANAD[29]AD[28]AMNIAD[21]AIAIATIAD[14]1AD12]AM1AD[6]AD[5]AD[4];

CR(C[3], A2=0 =
1INIAD[64]NMAIAIAD[S9]AD[58]A1AD[51]AD[49]AD[48]A1A1ATIAD[43]AD[40]A1AD[35]A
D[34]M1AIAD[26]AD[25]AM1AD[18]AD[16]A1IAIAD[11]1AD[9] A1AD(3]AD(2]ADI[1];
CR([3], A2=1 =
1INIAD[68]NMIAIAIAD[63]AD[62]A1AD[55]AD[53]AD[52]A1AIAIAD[47]1AD [44)A1AD[39]A
DI[38]AIAIAD[30]AD[29]M1AD[22]AD[20]A1AIAD[15]AD[13]AM1AD[7]1AD[6]AD[5];
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CRC(C[4], A2=0 =
1IMNIAD[65]AD[64]A1IAIATADI[S9]AD[56]A1AD[50]AD[49]AD[48]AIA1IAIAD [41]AMA1AD(35
INAIAD[27]AD(26]AD[24]AD[19]AD[17]AA1IAIAD([10]AD([8] AN1AD[3]AD(2];

CR(C[4], A2=1 =
1IMNIAD([69]AD[68]A1IAIAIAD[63]AD([60]A1AD([54]AD[53]AD[52]A1ATA1IAD[45]AM1A1AD(39
INAIAD[31]AD([30]AD[28]AD[23]AD[21]MNAIAIAD([14]AD[12]A1AD[7]1MDI6];

CR(C[5], A2=0 =
1AD[66]AD[65]AD[64]AN1IAIATIADI[S7]IANIAD([51]AD[50]AD[49]AIAIATIAD[42]AD [40]ATALA
D[32]AMIAIAD[27]1AD[25]A1AD[18]AD[16]A1IATAD[11]AD[9] A1A1AD(3];

CR([5], A2=1 =
1AD[70]AD[69]AD[68]A1IAIATIAD[61]AIAD([55]AD[54|AD[53]AIAIATIAD[46]AD [44]ATALA
D[36]AIAIAD(31]AD[29]AMIAD[22]AD[20]AIATIAD[15]AD[13]A1A1IAD(7];

CR(C[6], A2=0 =
D[67]’\D[66]’\D[65]/\D[64]/\1/\1/\D[58]Al’\lAD[51]/\D[50]/\D[48]/\1/\]@3]’\D[41]’\1/\1
’\D[33]/\D[32]/\1/\1/\D[26]/\1’\D[19]’\D[17]/\D[IG]/\I/\I/\D[IO]/\I&,

CR([6], A2=1 =

D[71]AD[70]AD[69]AD[68]AN1IAIAD[62]A1AIAD([55]AD[54]A ANAD[47]AD[45]/M 1M1
AD[37]AD[36]A1A1IAD[30]AIAD[23]AD[21]1AD[20]AIA1A 1A

L
CR([7], A2=0 = %
1AD[67]AD[66]AD[65]MN1AIAD[59]A1IAIATIAD(SL ] D[48]AIAIAD[42]A1A1IAD[34N
D[33]AIAIAD[27]MNIATIAD[18]AD[17]A1A1IAD (R QYK

CR([7], A2=1 =

1AD[71]AD[70]AD[69]MNIATIAD[63]A1IA 1A 55|AD[53]AD[52]MN1A1AD[46]AIA1IAD(38]A
D[37]AMIAIAD[31IAMIATIAD[22]AD[21] 54l A 15]A 1A 1A,

CRC Error Handling

The CRC error mechanism shares the san%X#RT_n signal as CA parity for reporting write errors to the DRAM. The
controller has two ways to distinguish n CRC errors and CA parity errors: 1) Read DRAM mode/MPR regis-
ters, and 2) Measure time ALERT ni . To speed up recovery for CRC errors, CRC errors are only sent back as

a “short” pulse; the maximum ps th is roughly ten clocks (unlike CA parity where ALERT n is LOW longer
than 45 clocks). The ALERT 'ould be longer than the maximum limit at the controller if there are multiple
CRC errors as the ALERT _1pgi are connected by a daisy chain bus. The latency to ALERT_n signal is defined as
tCRC_ALERT in the followi ure.

The DRAM will set the error status bit located at MR5[3] to a 1 upon detecting a CRC error, which will subsequently
set the CRC error status flag in the MPR error log HIGH (MPR Pagel, MPR3[7]). The CRC error status bit (and CRC
error status flag) remains set at 1 until the DRAM controller clears the CRC error status bit using an MRS command
to set MR5(3] to a 0. The DRAM controller, upon seeing an error as a pulse width, will retry the write transactions.
The controller should consider the worst-case delay for ALERT n (during initialization) and backup the transac-
tions accordingly. The DRAM controller may also be made more intelligent and correlate the write CRC error to a
specific rank or a transaction.
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FIGURE 137: CRC ERROR REPORTING
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Transition Data Don't Care
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LOW to the point where the DRAM driver rele nM the controller starts to pull the
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2. CRC ALERT_PW is specified from the point where M starts to drive the signal
ad< a

FIGURE 138: CA PARITY FLOW DIAGRAM
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DATA BUS INVERSION (DBI) opportunistically inverts data bits, and in conjunction with the DBI_n I/0, less than
half of the DQs will switch LOW for a given DQS strobe edge. The DBI function shares a common pin with the
DATA MASK (DM) and TDQS functions. The DBI function applies to either or both READ and WRITE oper-ations:
Write DBI cannot be enabled at the same time the DM function is enabled, and DBI is not allowed during MPR

READ operation. Valid configurations for TDQS, DM, and DBI functions are shown below.

If DBI_n is sampled LOW on a given byte lane during a WRITE op
on the DQ inputs prior to writing the internal memory array.
DRAM leaves the data received on the DQ inputs noninverte

e

TABLE 124: DBI vs. DM vs. TDQS FuNcTION MATRIX

Read DBI Write DBI Data Mask (DM) TDAQS (x8 only)
Enabled (or Disabled) Disabled Disabled Disabled
Enabled or Disabled Enabled Disabled Disibled
Enabled or Disabled Disabled Enabled gd
Disabled Disabled Disabled o ( abled

DBI During a WRITE Operation

and x16 configurations (the x4 configuration does not supgo

TABLE 125: DBl WRITE, DQ FRAME FORMA~

f

N

the DRAM inverts write data received

sampled HIGH on a given byte lane, the
ite DQ frame format is shown below for x8
DBI function).

sfer, Lower (L) and Upper(U)

Function 0 1 {‘2 ) 3 4 5 6 7
DQ[7:0] LByte 0 LByte 1 yi 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDM_n or LDMO or LDM1 or. | DM2 or LDM3 or LDM4 or LDM5 or LDM6 or LDM7 or
LDBI_n LDBIO LDBI\ LDBI2 LDBI3 LDBI4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 LAY | UByte2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDM_n or UDMO or W or UDM2 or UDMS3 or UDM4 or UDMS5 or UDMS6 or UDM?7 or
UDBI_n UDBIO ’Vs BI1 UDBI2 UDBI3 UDBI4 UDBI5 UDBI6 UDBI7

\J
DBI During a READ Operation
If the number of 0 data bits within a given byte lane is greater than four during a READ operation, the DRAM

inverts read data on its DQ outputs and drives the DBI_n pin LOW; otherwise, the DRAM does not invert the read
data and drives the DBI_n pin HIGH.

TABLE 126: DBl READ, DQ FRAME FORMAT

Transfer Byte, Lower (L) and Upper(U)

Function 0 1 2 3 4 5 6 7
DQ[7:0] LByte O LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBI_n LDBIO LDBI1 LDBI2 LDBI3 LDBI4 LDBI5 LDBI6 LDBI7

DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDBI_n UDBIO UDBIN UDBI2 UDBI3 UDBI4 UDBI5 UDBI6 UDBI7
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Data Mask

The DATA MASK (DM) function is also described as PARTIAL WRITE. The DM function shares a common pin with
the DBI_n and TDQS functions. The DM function applies only to WRITE operations and cannot be enabled at the

same time the WRITE DBI function is enabled. The valid configurations for the TDQS, DM, and DBI functions are
shown here.

TABLE 127: DM vs. TDQS vs. DBI FUNCTION MATRIX

Data Mask (DM) TDQS (x8 only) Write DBI Read DBI
Enabled Disabled Disabled Enabled or Disabled
Disabled Enabled Disabled Disabled

Disabled Enabled Enabled or Disabled

Disabled Disabled Enable@isabled)

When enabled, the DM function applies during a WRITE operation. If DM_&Qd LOW on a given byte
lane, the DRAM masks the write data received on the DQ inputs. If DM_n jgsa®pled HIGH on a given byte lane,
the DRAM does not mask the data and writes this data into the DRAM e DQ frame format for x8 and x16
configuration is shown below. If both CRC write and DM are enable S), the CRC will be checked and valid
prior to the DRAM writing data into the DRAM core. If a CRC errop6ycWs while the DM feature is enabled, CRC
write persistent mode will be enabled and data will not be writjaQ¥to the DRAM core. In the case of CRC write
enabled and DM disabled (via MRS), that is, CRC write nor&‘m mode, data is written to the DRAM

T

core even if a CRC error occurs.

TABLE 128: DATA MAskK, DQ FRAME FORMAT

‘ fer, Lower (L) and Upper (U)
Function 0 1 P 94 3 4 5 6 7
DQI7:0] LByte 0 LByte 1 N\ LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDM_n or LDMO or LDM1 or 2or LDM3 or LDM4 or LDM5 or LDM6 or LDM7 or
LDBI_n LDBIO LDBI\ v'\ LDBI2 LDBI3 LDBI4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte O U ’ UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDM_n or UDMO or or UDM2 or UDMS3 or UDM4 or UDM5 or UDM®6 or UDM?7 or
UDBI_n UDBIO BI1 UDBI2 UDBI3 UDBI4 UDBI5 UDBI6 UDBI7
\
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Programmable Preamble Modes and DQS Postambles

The device supports programmable WRITE and READ preamble modes, either the normal 1!CK preamble mode or
special 2!CK preamble mode. The 2'CK preamble mode places special timing constraints on many operational fea-
tures as well as being supported for data rates of DDR4-2400 and faster. The WRITE preamble 1!CK or 2'CK mode
can be selected independently from READ preamble 1!CK or 2!CK mode.

READ preamble training is also supported; this mode can be used by the DRAM controller to train or “read level”
the DQS receivers.

There are 'CCD restrictions under some circumstances:

e When 2!CK READ preamble mode is enabled, a tCCD_S or {CCD_L of 5 clocks is not allowed.

* When 2!CKWRITE preamble mode is enabled and write CRC is not enabled, a ‘CCD_S or ‘CCD_L of 5 clocks is
not allowed.

¢ When 2{CK WRITE preamble mode is enabled and write CRC is enabled, a tCCD_S oy tCCD_L of 6 clocks is not
allowed. é

WRITE Preamble Mode

MR4[12] = 0 selects 1'CK WRITE preamble mode while MR4[12] = 1 sg etCKWRITE preamble mode. Examples
are shown in the figures below.

FIGURE 139: 1TCK vs. 2TCK WRITE PREAMBLE Mor&

1'CK Mode %
A\

w0

CKc -- -
Kt e

best ]
DQ [

21CK Mode

XX
| . AN

I S U D S D
\ 0o X D1 X b2 X p3 X pa X p5s X o6 X o7 /

e XD o X o X

Preamble

o R X X XX X
DQ [{ \ 0o X D1 X b2 X 03 X p4a X p5s X ps X D7 /

bas¢ (]
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CWL has special considerations when in the 2tCK WRITE preamble mode. The CWL value selected in MR2[5:3], as
seen in table below, requires at least one additional clock when the primary CWL value and 2tCK WRITE preamble

mode are used; no additional clocks are required when the alternate CWL value and 2tCK WRITE preamble mode
are used.

TABLE 129: CWL SELECTION

CWL - Primary Choice CWL - Alternate Choice

Speed Bin 1'CK Preamble 2'CK Preamble 1'CK Preamble 2tCK Preamble
DDR4-1600 9 N/A 11 N/A
DDR4-1866 10 N/A 12 N/A
DDR4-2133 11 N/A 14 N/A
DDR4-2400 12 14 16 r\% 16
DDR4-2666 14 16 1A\ 18
DDR4-2933 16 18 A’Q > 20
DDR4-3200 16 18 \Ve)

20
\J
Note: 1. CWL programmable requirementfo% 231.
O

When operating in 2ICK WRITE preamble mode, ‘WTR (com sed) and 'WR (MRO0[11:9]) must be pro-
grammed to a value 1 clock greater than the 'WTR and 'WR#et
to be JEDEC compliant; however, STACKED’s DDR4 DRAN
The CAS_n-to-CAS_n command delay to either a diffi @k group ((CCD_S) or the same bank group ({CCD_L)
have minimum timing requirements that must be satiSNg¥ between WRITE commands and are stated in the Tim-
ing Parameters by Speed Bin tables. When opera 2'CKWRITE preamble mode, tCCD_S and ‘CCD_L must
also be an even number of clocks. As an exa e minimum timing specification requires only 5!CK, the 5{CK
has to be rounded up to 6!CK when operatj KWRITE preamble mode, while 5{CK would be acceptable if
operating in 1'CK WRITE preamble modg,

FIGURE 140: 1TCK vs. 2TCK W TE
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FIGURE 141: 1TCK vs. 2T"CK WRITE PREAMBLE MoDE, TCCD =5
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CK_c
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DQS_t,
DQS_c

preamble |
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2tCK Mode: 'CCD = 5 is not allowed in 2tCK mode.

Note: 1. 'CCD_S and'CCD_L =5 'CKs is not allowed when in 2@/ ITE preamble mode.

FIGURE 142: 1TCK vs. 2T"CK WRITE PREAMBLE MoDE, TCCD = 6
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READ Preamble Mode

MR4[11] = 0 selects 1'CK READ preamble mode and MR4[12] = 1 selects 2!CK READ preamble mode. Examples are
shown in the following figure.

FIGURE 143: 1TCK vs. 2TCK READ PREAMBLE MODE

1tCK Mode
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Preamble

DA% e ({ XA
DQ [

2'CK Mode
{ RD )

CK c -
Kt —

SN D S D D U O
po X b1 X b2 X 03 X D4 X D5 X D6 X D7 /

DQS_t,
DQS_c

DQ

READ Preamble Trair.iZ1y

DDR4 supports READ preamble training via MPR reads; that is, READ preamble training is allowed only when the
DRAM is in the MPR access mode. The READ preamble training mode can be used by the DRAM controller to train
or “read level” its DQS receivers. READ preamble training is entered via an MRS command (MR4[10] = 1 is enabled
and MR4[10] = 0 is disabled). After the MRS command is issued to enable READ preamble training, the DRAM DQS
signals are driven to a valid level by the time 'SDO is satisfied. During this time, the data bus DQ signals are held
quiet, that is, driven HIGH. The DQS_t signal remains driven LOW and the DQS_c signal remains driven HIGH
until an MPR Page0 READ command is issued (MPRO through MPR3 determine which pattern is used), and when
CAS latency (CL) has expired, the DQS signals will toggle normally depending on the burst length setting. To exit
READ preamble training mode, an MRS command must be issued, MR4[10] = 0.
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FIGURE 144: READ PREAMBLE TRAINING

e S— TS s e s o
DQs (Quiet/Driven HIGH) (( \\ DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7

-

pE—— —

WRITE Postamble

Emains the same at %2'CK.

1'CK Mode OQ~

w0 &

CKc -- - —_——— —
CK_t _/‘____/ ____X_X____ o o
Postamble
o ! XX

({ % \_po X b1 X D2 X p3 X D4 X D5 X D6 X D7 /
K\g

21CK Mode Q
( WR ) ?\

CK c - ;=" Fnlinte =
CK_t — \j_x____t\_/‘\____ L —
Postamble
Dos.¢ S S D U D U S

DQ 88 po X b1 X D2 X p3 X D4 X s X b6 X D7

READ Postamble

Whether the 1'CK or 2'CK READ preamble mode is selected, the READ postamble remains the same at %2!CK.
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FIGURE 146: READ POSTAMBLE

1'CK Mode
( RD >
cL
CKc -—
CK_t —/
DQS._t, 3 TR
DQS_c ( ( R /\\_7

XX
| . AN

————

Postamble

DQ L{
2'CK Mode

m )

po X D1 X D2 X D3 5 X D6 X D7

K - —\,—2 - —————
CK_t Y \___ ! o

DQS_t,
DQS_c \ /

Postamble

DQ [{

DO

X D1 X 02 X D3 X p4a X ps X b6 X b7 /
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DDR4 supports bank grouping four subbanks (BA[1:0]); x16 DRAMs have two bank groups (BG[0]), and each bank
group is comprised of four subbanks. Bank accesses to different banks’ groups require less time delay between ac-
cesses than bank accesses to within the same bank’s group. Bank accesses to different bank groups require ‘CCD_S
(or short) delay between commands while bank accesses within the same bank group require ‘CCD_L (or long)
delay between commands.

FIGURE 147: BANK GROUP X4/x8 BLOCK DIAGRAM

Bank 3
[ Bank 2
[ Bank 1
Bank 0
Memory Array

Memory Array

Bank Group 0

ICMD/ADDR U:> CMD/.ADDR B
register [

0

| Local I/0 gating

\fv“‘y”

g

g

| Local I/0 gating

@,
a

o

Data l/O

Q

Vi

Notes: 1. Bankacc @ different bank groups require tCCD_S.

2. Bank within the same bank group require *CCD_L.
AN
TABLE 130: DDR:\ L'ANK GROUP TIMING EXAMPLES

Paramet(\ ) DDR4-1600 DDR4-2133 DDR4-2400
RS 4nCK 4nCK 4nCK
tCCD_‘ 4nCK or 6.25ns 4nCK or 5.355ns 4nCK or 5ns
YRRD_S (%2K) 4nCK or 5ns 4nCK or 3.7ns 4nCK or 3.3ns
tRRD_L (%2K) 4nCK or 6ns 4nCK or 5.3ns 4nCK or 4.9ns
tRRD_S (1K) 4nCK or 5ns 4nCK or 3.7ns 4nCK or 3.3ns
YRRD_L (1K) 4nCK or 6ns 4nCK or 5.3ns 4nCK or 4.9ns
tRRD_S (2K) 4nCK or 6ns 4nCK or 5.3ns 4nCK or 5.3ns
YRRD_L (2K) 4nCK or 7.5ns 4nCK or 6.4ns 4nCK or 6.4ns
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TABLE 130: DDR4 BANK GROUP TIMING EXAMPLES (CONTINUED)

Parameter DDR4-1600 DDR4-2133 DDR4-2400
'WTR_S 2nCK or 2.5ns 2nCKor 2.5ns 2nCK or 2.5ns
'WTR_L 4nCK or 7.5ns 4nCK or 7.5ns 4nCK or 7.5ns

Notes: 1. Refer to Timing Tables for actual specification values, these values are shown for refer-
ence only and are not verified for accuracy.
2. Timings with both nCK and ns require both to be satisfied; that is, the larger time of the
two cases must be satisfied.

FIGURE 148: READ BURST "CCD_S AND TCCD_L EXAMPLES

CK_c
CK_t

Command

Bank Group
(BG)

Bank  /XBankc X/ /XBank )/, //// //. Bank D
Address 7 Coln ), X Coln 7777, /X Coln X/, )
m Don't Care

Notes: 1. 'CCD_S; CAS_n-to- CAS_&an (short). Applies to consecutive CAS_n to different bank
groups (TO to T4).

2. 'CCD_L; CAS_ng#o

group (T4 tg

/n delay (long). Applies to consecutive CAS_n to the same bank

FIGURE 149: WRITE BURST TCCD_S anD TCCD_L EXAMPLES

CK_c
CK_t
Command
Ba”kGr&”G";’ 7XBaa ), X 8Gb X, /X BGb X/, /)
Bank  /XBankc){/ "XBank c X, 77/ ’/XBank c X/,
Address 2( Coln X/, /}( Coln X/, // // / )( Coln )( )
m Don't Care
Notes: 1. 'CCD_S; CAS_n-to-CAS_n delay (short). Applies to consecutive CAS_n to different bank
groups (TO to T4).
2. 'CCD_L; CAS_n-to-CAS_n delay (long). Applies to consecutive CAS_n to the same bank
group (T4 to T10).
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FIGURE 150: TRRD TIMING

‘RRD_S ‘RRD_L
GB(BG%2><|></ 7777777777 IS YN 77T T T T T I
sonc NG, 71T 11 US NI I LI D U1
sasess NEN/ZIZTT 7777777777 X LTI I L UL A

m Don't Care

VATE commands to different bank groups (TO and T

L
Notes: 1. *RRD_S; ACTIVATE-to-ACTIVATE command period (shg @es to consecutive ACTI-
2. 'RRD_L; ACTIVATE-to-ACTIVATE command perio N Zapplies to consecutive ACTIVATE
commands to the different banks in the same group (T4 and T10).

Command
Bank
Group
Bank
Address
DQS, DQS_c
DQ
2 2 Time Break Transitioning Data Don't Care
Note: 1. 'WTR_S: delay from start of internal write transaction to internal READ command to a
different bank group.
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CK_c
CK_t

Command

Bank
Group

Bank

Address

DQS, DQS_c

DQ

2 2 Time Break Transitioning Data % Don't Care

Note: 1. 'WTR_L: delay from start of i

same bank group. s

rite transaction to internal READ command to the
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READ Operation

Read Timing Definitions

The read timings shown below are applicable in normal operation mode, that is, when the DLL is enabled and
locked.

Note: 'DQSQ = both rising/falling edges of DQS; no ‘AC defined.

Rising data strobe edge parameters:

e DQSCK (MIN)/(MAX) describes the allowed range for a rising data strobe edge relative to CK.
» 'DQSCK is the actual position of a rising strobe edge relative to CK.

e 'QSH describes the DQS differential output HIGH time.

e DQSQ describes the latest valid transition of the associated DQ pins.

e 'QH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters: Oi

e 'QSL describes the DQS differential output LOW time.

e 'DQSQ describes the latest valid transition of the associated DQ pins. &\
» 'QH describes the earliest invalid transition of the associated DQ pin ?N

<<O

%
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FIGURE 153: READ TIMING DEFINITION

CK_c

CK_t

‘DQSCK (MIN) |'DQSCK (MAX)  'DQSCK (MIN) |*DQSCK (MAX)

DQSCKi | ! DQSCKi |
| I
i Rising strobe i Rising strobe
DQSCK MAX ! region ! region
! window ! window
{DOSCKi | IDQSCKi

l

I I I
I I I I
! | Rising strobe ! ' |Rising strobe !
‘DQSCK center | e ; i region f
' window ' ' window ' O
I ‘ I I I
I I

DOscKi | ‘Dascki | &\
Rising strobe 3 Rising strobe ‘
tDQSCK MIN region | region
window ! window
'DQSCK —4

QSCK
tQSH/DQS_c SH/DQS_t

DQsc "\ @'\
\ \
DQS_t K \ _
¢ tQH

DQsQ 'DQsSQ

OV

AS OW
\ > E

Read Timing - Clock-to va‘a Strobe Relationship

The clock-to-data strobe 1Rl

onship shown below is applicable in normal operation mode, that is, when the DLL
is enabled and locked.

Rising data strobe edge parameters:

DQSCK (MIN)/(MAX) describes the allowed range for a rising data strobe edge relative to CK.
DQSCK is the actual position of a rising strobe edge relative to CK.
e 'QSH describes the data strobe high pulse width.

tHZ(DQS) DQS strobe going to high, nondrive level (shown in the postamble section of the figure below).
Falling data strobe edge parameters:

¢ 'QSL describes the data strobe low pulse width.
e 1.Z(DQS) DQS strobe going to low, initial drive level (shown in the preamble section of the figure below).
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FIGURE 154: CLOCK-TO-DATA STROBE RELATIONSHIP

RL measured
to this point

_____ /
tDQSCK (MIN)
l— —
tLZ(DQS)MIN __,.| - ‘QsH tQsL tQSH tQsL ‘QSH Qs

DQS_t, DQS_c - N I -----——] ----- ,

Early Strobe \ ‘ ) i i it2 i it4 Bits X it6 i

| “RERE ~RPST_| ~—HZ(DQS) MAX
fLZ(DQS) MAX J — |

DQS_t, DQS_c

Late Strobe

\
1

. Within a burst, the rising strobe edge within 'DQSCKj while at the same voltage

and temperature. However, when t Ve, voltage, and temperature variations
are incorporated, the rising stro variance window can shift between tDQSCK

Notes:

(MIN) and 'DQSCK (MAX).

actual tIDQSCK (MAX). A WYy of this window’s left inside edge (earliest) from rising
CK_t, CK_cis limited by CK (MIN).

2. Notwithstanding @; a rising strobe edge with tDQSCK (MAX) at T(n) can not be im-

A timing of this window's E%dge (latest) from rising CK_t, CK_c is limited by a device’s

mediately folloyfe rising strobe edge with t{DQSCK (MIN) at T(n + 1) because other
p?(‘*QSH, tQSL) exist: if tDQSCK(n + 1) < 0: tDQSCK(n) < 1.0 tCK - (*QSH
- tDQSCK(n + 1) |.

_c differential output HIGH time is defined by *QSH, and the DQS_t,
DQS5 C erential output LOW time is defined by tQSL.

IN and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case), and
S S) MAX and tHZ(DQS) MAX are not tied to tDQSCK (MAX) (late strobe case).

@he minimum pulse width of READ preamble is defined by tRPRE (MIN).

he maximum READ postamble is bound by tDQSCK (MIN) plus *tQSH (MIN) on the left
?\ side and tHZDSQ (MAX) on the right side.

7. The minimum pulse width of READ postamble is defined by tRPST (MIN).

8. The maximum READ preamble is bound by 'LZDQS (MIN) on the left side and tDQSCK
(MAX) on the right side.

Read Timing - Data Strobe-to-Data Relationship

The data strobe-to-data relationship is shown below and is applied when the DLL is enabled and locked.
Note: tDQSQ: both rising/falling edges of DQS; no tAC defined.

Rising data strobe edge parameters:

e DQSQ describes the latest valid transition of the associated DQ pins.

¢ 'QH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:
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e DQSQ describes the latest valid transition of the associated DQ pins.
» 'QH describes the earliest invalid transition of the associated DQ pins.

Data valid window parameters:

e DVW is the Data Valid Window per device per Ul and is derived from [tQH - tDQSQ] of each UI on a given
DRAM

e DVWp is the Data Valid Window per pin per Ul and is derived [ tQH - tDQSQ] of each Ul on a pin of a given
DRAM

FIGURE 155: DATA STROBE-TO-DATA RELATIONSHIP

RL=AL+CL

Address* %( Ez?l: / y

DQSQ (MAX)  —»| |=—

TRPRE (1nCK)
DQS_t, DQS_c ( ( 77777 TN 1 HY Y N O X W X
(Last dl:;tQ; ( (
First data no Ion[g;e; ( (
All DQ collectively ( m @ m |
Q ‘ovwd ‘ovwd Don't Care
- y4
Notes: 1. BL=8,R :@L =0,CL=1), Premable = 1CK.
2. DOUT a-out from column n.
3. DES ands are shown for ease of illustration; other commands may be valid at
th{saimes.
etting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 = 1 during
EAD commands at TO.

Output timings are referenced to VDDQ, and DLL on for locking.
6. 'DQSQ defines the skew between DQS to data and does not define DQS to clock.

Early data transitions may not always happen at the same DQ. Data transitions of a DQ
can vary (either early or late) within a burst.

'LZ(DQS), 'LZ(DQ), 'HZ(DQS), and 'HZ(DQ) Calculations

tHZ and 'LZ transitions occur in the same time window as valid data transitions. These parameters are referenced
to a specific voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or be-
gins driving (LZ(DQS) and 'L.Z(DQ). The figure below shows a method to calculate the point when the device is no
longer driving tHZ(DQS) and tHZ(DQ), or begins driving 'LZ(DQS) and 'LZ(DQ), by measuring the signal at two
different voltages. The actual voltage measurement points are not critical as long as the calculation is consistent.
LZ(DQS), 'LZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as singled-ended parameters.
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FIGURE 156: TLZ AND THZ METHOD FOR CALCULATING TRANSITIONS AND ENDPOINTS
tLZ(DQ): CK_t, CK_c rising crossing at RL tHZ(DQ) with BL8: CK_t, CK_c rising crossing at RL + 4CK
tHZ(DQ) with BC4: CK_t, CK_c rising crossing at RL + 2CK
CK_t f
Ke W---
Begin point:
Extrapolated point at V
DQ i 11DQ
07><VDDQ ———————————— 07><VDDQ
04XVDDQ ————————————————— 0.4XVDDQ
Notes: 1. Vg1 =(0.70 - 0.04) x Vppq for both @Z An®tHZ.
2. Vg2 =(0.70 + 0.04) x Vppq for b and tHZ.
3.

Extrapolated point (low level /(50 + 34) x 34 =0.4 x Vppq
Driver impedance = RZQ/7 &

Vi test load = 50Q to v\%
<

Re

\g

§
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'RPRE Calculation

FIGURE 157: TRPRE METHOD FOR CALCULATING TRANSITIONS AND ENDPOINTS

CKt Y—— - e

CKc 1--* temmees M e

Single-ended signal provided as background information
DQS_t ¥

DQs_t — Q@ 1 Das_t — Voo

\
\

e 0.7 X Vppq

TR i DQS_c — 04xVppq

RPRE ends (12)

1. Vgw1 =(0.3-0.04) x VDDQ.

2. V4,2 =(0.30 + 0.04) x VDDQ.

3. DQS_t and DQS_C low level = VDDQ/(SO + 34) x34=0.4x VDDQ
Driver impedance = RZQ/7 = 34Q
VTT test load =50Q to VDDQ'
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'RPST Calculation

FIGURE 158: TRPST METHOD FOR CALCULATING TRANSITIONS AND ENDPOINTS

Single-ended signal provided as background information

DQS_t
DQS_C ffmmmmmmmm e

Resulting differential signal reIevan;o (RPY specification
tRPST begins (1)

O —————————— oV
TV -0.3x Vppg
VSW1

pas.tDasc —-—— 7/ N 0.6 X Vg
YRPST ends (t2)

Notes: 1. Vg1 =(-0.3-0.04) x Vppgq.
2. 2.Vgy2=(-0.30 +0.04) x Vppq.
3. 3.DQS_tand DQS_c low level =Vppq/(50 + 34) x 34 = 0.4 x Vppq
Driver impedance = RZQ/7 = 34Q
V7 test load = 50Q to Vppq.
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READ Burst Operation

DDR4 READ commands support bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses ad-
dress A12 to control OTF when OTF is enabled:

e Al12 =0, BC4 (BC4 = burst chop)
e Al2=1,BL8

READ commands can issue precharge automatically with a READ with auto precharge command (RDA), and is
enabled by A10 HIGH:

e READ command with A10 = 0 (RD) performs standard read, bank remains active after READ burst.
* READ command with A10 =1 (RDA) performs read with auto precharge, bank goes in to precharge after READ

burst.
a E

Command
Bank Group
Address
Address
DQS_t
DQS_c
DQ \ 4
CL=11 é
RL=AL+CL N
AV zzTime Break Transitioning Data Don't Care
NotewL& RL=0,AL=0,CL=11, Preamble = 1tCK.
2. DO n =data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
command at TO.
5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
STACKED Technologies Incorporated www.stackedtechnologies.com 271 H|gh Performance, H|gh|y |ntegrated Memory Module

June 23, 2017 STDS-ST9D4512M32DBGO Rev F



Advanced Information
S>l AKED. STODiSIaNEI08GD

ST9D4512M40DBGO

Command

Bank Group
Address
Address
DQS_t
DQS_c
DQ
CL=11
RL=AL+CL
WTimeBreak Transitioning Data w Don't Care
Notes: 1. BL8,RL=21,AL=(CL-1),CL=11, PQ’H = 11CK.
2. DO n =data-out from column n.
3. DES commands are shown f |IIustrat|on other commands may be valid at
these times.
4. BL8setting activated b MRO[1 0] =00 or MRO[1:0] =01 and A12 = 1 during READ
command at TO. \
5. CAparity = DlsabQ o CA latency = Disable, Read DBI = Disable.
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READ Operation Followed by Another READ Operation

FIGURE 161: CONSECUTIVE READ (BL8) WiTH 1TCK PREAMBLE IN DIFFERENT BANK GROUP

T114
NEEEDS

Ke ---
CK_t

Command

Bank Group
Address

Address

DQsS_t,
DQS_c

bQ

RL=11

\v ZZTime Break Transitioning Data V/A Don't Care

Notes: 1. BL8,AL=0,CL=11, Preamble = 1%%‘

DO n (or b) = data-out from colup or column b).

3. DES commands are shown for, Q illustration; other commands may be valid at
these times.

BL8 setting activated by@ RO[1:0] =00 or MRO[1:0] =01 and A12 = 1 during READ
commands at TO and T

5. CA parity = Disabl

N

b

&A latency = Disable, Read DBI = Disable.

CKe -~y
CK_t

Command

Bank Group
Address

Address

DQS_t,
DQS_c

RL=11

I
DQ ‘
[

2 2 Time Break Transitioning Data V/A Don't Care

Notes: 1. BL8,AL=0,CL= 11, Preamble = 2tCK.
2. DO n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
commands at TO and T4.
5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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FIGURE 163: NONCONSECUTIVE READ (BL8) wiTH 1TCK PREAMBLE IN SAME OR DIFFERENT BANK

Ke ---
Kt

Command

Bank Group
Address

Address

DQS_t,
DQS_c

RL=11

| | 0

| | |

I I I
50 D6}/ D0} DO 1 DO} DO, 1 DO_}{ DO} DO D0, 3 (PO 1P% (PO N (PO {100, )
? oL

RL=11

2 z Time Break Transitioning Data % Don't Care

Notes: 1. BL8,AL=0,CL= 11, Preamble = 1tCK, tCCD_S?‘S.
n b).

these times.

2. DO n (or b) = data-out from column n (or
3. DES commands are shown for ease of :! tlon; other commands may be valid at
4. BL8 setting activated by either h@ ] =00 or MRO[1:0] =01 and A12 = 1 during READ

commands at TO and T5.
5. CA parity = Disable, CSto C %ncy = Disable, Read DBI = Disable.

Ke ---
Kt

Command

Bank Group
Address

Address

DQS_t,
DQS_c

I
DQ ‘
[

2 2Time Break Transitioning Data @ Don't Care

Notes: 1. BL8,AL=0,CL= 11, Preamble = 2tCK, t{CCD_S/L = 6.

2. DO n (or b) =data-out from column n (or column b).

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0=01] and A12 = 1 during
READ commands at TO and T6.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

6. 6tCCD_S/L=5isn't allowed in 2tCK preamble mode.
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FIGURE 165: READ (BC4) To READ (BC4) wiTH 1TCK PREAMBLE IN DIFFERENT BANK GROUP

Ke ---
Kt

Command

Bank Group
Address

Address

DS t,
DQS_c

bQ

\O ZZTime Break Transitioning Data w Don't Care
£ 4 g

Notes: 1. BL8,AL=0,CL=11, Preamble = 1tCK.

2. DO n (or b) = data-out from column n (or n b).
3. DES commands are shown for ease of il on; other commands may be valid at
these times.

4. BC4 setting activated by either V@ ]=10 0or MRO[1:0] =01 and A12 =0 during READ

commands at TO and T4.
%ncy = Disable, Read DBI = Disable.

Ul

. CA parity = Disable, CS to

Command

Bank Group
Address

Address

DQS_t,
DQS_c

bQ

2 2 Time Break Transitioning Data W Don’t Care

Notes: 1. BL8,AL=0,CL= 11, Preamble = 2tCK.
2. DO n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BC4 setting activated by either MRO[1:0] = 10 or MRO[1:0] =01 and A12 = 0 during READ
commands at TO and T4.
5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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FIGURE 167: READ (BL8) To READ (BC4) OTF wiTH 1"CK PREAMBLE IN DIFFERENT BANK GROUP

Command

Bank Group
Address

Address

DQS_t,
DQS_c

RL=11

\‘( e );‘(nDPz)T(n"Pa ‘(n"&)ﬂ( ) ‘(nD+062‘( N (G () b?
RL=11

\O 2 ZTime Break Transitioning Data Don't Care
£ 4 g

Notes: 1. BL8,AL=0,CL= 11, Preamble = 1tCK. ?
n b)

DQ

these times.

2. DO n (or b) = data-out from column n (or
3. DES commands are shown for ease of: tion; other commands may be valid at
4. BC4 setting activated by either V@ 1=10 or MRO[1:0] =01 and A12 = 0 during READ

commands at TO and T4.
5. CA parity = Disable, CSto C ency = Disable, Read DBI = Disable.

Command

Bank Group
Address

Address

DQS_t,
DQS_c

DQ

2 2 Time Break Transitioning Data % Don't Care

Notes: 1. BL8,AL=0,CL= 11, Preamble = 2tCK.
2. DO n (or b) =data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BC4 setting activated by either MRO[1:0] = 10 or MRO[1:0] =01 and A12 = 0 during READ
commands at TO and T4.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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FIGURE 169: READ (BC4) To READ (BL8) OTF wWiTH 1TCK PREAMBLE IN DIFFERENT BANK GROUP

CKc ---
CK_t

Command

Bank Group
Address

Address

| ]

DQS_t,
DQS_c

RL=11

!

| |

! !

| L
DRy T Y, A 9]

| [

}( Rt

RL=11

DQ

|
:\O ZZTimereak Transitioning Data Don't Care

N\
Notes: 1. BL=8, AL=0,CL=11, Preamble = 1tCK. Y\
2. DO n (or b) = data-out from column n (or c n b).
3. DES commands are shown for ease oL tion; other commands may be valid at
these times. 4 %
4. BC4 setting activated by MRO[1:
setting activated by MRO[1:0)/%&

nd A12 =0 during READ commands at TO. BL8
d A12 =1 during READ commands at T4.

CKe ---y
Kt

Command

Bank Group
Address

Address

DQS_t,
DQS_c

RL=11

I
DQ ‘
I

ZZTimeBreak Transitioning Data ” Don't Care

Notes: 1. BL=8,AL=0,CL=11, Preamble = 2tCK.
2. DO n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BC4 setting activated by MRO[1:0] =01 and A12 =0 during READ commands at TO. BL8
setting activated by MRO[1:0] =01 and A12 = 1 during READ commands at T4.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

High Performance, Highly Integrated Memory Module
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READ Operation Followed by WRITE Operation

FIGURE 171: READ (BL8) To WRITE (BL8) wiTH 1TCK PREAMBLE IN SAME OR DIFFERENT BANK

Command

READ to WRITE command delay
=RL+BL/2- WL +2'CK

Bank Group
Address

Address

DQS_t,
DQS_c

DQ

@E 2 2 Time Break Transitioning Data Don't Care

A
Notes: 1. BL=8,RL=11(CL=11,AL=0),R Q@amble = 1'CK, WL =9 (CWL =9, AL = 0), WRITE
preamble = 1tCK.

2. DO n =data-out from colu
3. DES commands are shown
these times.

4. BL8setting activate' iy&t er MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ

= data-in from column b.
se of illustration; other commands may be valid at

commands at TO aQ RITE commands at T8.

5. CA parity = Di , 8 to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC z/0is

Command

READ to WRITE command delay
=RL+BL/2-WL +3'CK

Bank Group
Address 4

Address

DQS_t,
DQs_c

RL=11

bQ

ZZTimeBreak Transitioning Data % Don't Care

Notes: 1. BL=8,RL=11(CL=11, AL=0), READ preamble = 2tCK, WL = 10 (CWL = 9+1 [see Note
5], AL = 0), WRITE preamble = 2tCK.

2. DO n =data-out from column n; DI b = data-in from column b.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
commands at TO and WRITE commands at T8.

5. When operating in 2tCK WRITE preamble mode, CWL may need to be programmed to a
value at least 1 clock greater than the lowest CWL setting.

6. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

FIGURE 173: READ (BC4) OTF To WRITE (BC4) OTF wiTH 1TCK PREAMBLE IN SAME OR DIFFERENT
BANK GROUP

T0 ul T5 T6 7 T8 T TI0 ™ T2 T3 T4 TIs Ti6 7
K -~ - - --- - --- S - - - - -y D --- S --- -
Kt

Command

READ to WRITE command delay
=RL+BL/2- WL +2'CK

Bank Group
Address

Address

DQS_t,
DQS_c

DQ

Y 2 2 Time Break Transitioning Data Don't Care
A N i

N
Notes: 1. BC=4,RL=11(C AL = 0), READ preamble = 11CK, WL =9 (CWL=9, AL =0),
WRITE preambl#= .
2. DO n =data, rgtMm column n; DI b = data-in from column b.
3. DES comm4{ndspre shown for ease of illustration; other commands may be valid at
these tj
4, BC4§%’(M9 activated by MRO[1:0] =01 and A12 = 0 during READ commands at TO
a E commands at T6.

5. arity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
rite CRC = Disable.

?\
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FIGURE 174: READ (BC4) OTF To WRITE (BC4) OTF wiTH 2TCK PREAMBLE IN SAME OR DIFFERENT
BANK GROUP

Ke ---y
CK_t
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Command

READ to WRITE command delay
=RL+BL/2- WL +3 'CK

Bank Group
Address

Address /)

DQS_t,
DQs_c

RL=11

bQ

Notes: 1. BC=4,RL=11(CL=11, AL=0), READ p@“e: 2tCK, WL =10 (CWL =9 + 1 [see Note
5], AL = 0), WRITE preamble = 2tCK.
2. DO n =data-out from column n; DR data-in from column b.
3. DES commands are shown for illustration; other commands may be valid at
these times. Q

4. BC4 (OTF) setting activa
and WRITE commandsx .
K

5. When operating i RITE preamble mode, CWL may need to be programmed to a
value at least 1 eater than the lowest CWL setting.

to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,

RO[1:0] =01 and A12 = 0 during READ commands at TO

FIGURE 175: READ (BC4) FIXE: T« WRITE (BC4) FIXED WiTH 1TCK PREAMBLE IN SAME OR
DIFFERENT BAN\{ C'ROUP

Command

Bank Group
Address

Address

DQS_t,
DQS_c

bQ

ZZTime Break Transitioning Data w Don't Care

Notes: 1. BC=4,RL=11(CL=11, AL=0), READ preamble = 1*CK, WL =9 (CWL=9, AL=0),
WRITE preamble = 1tCK.
2. DO n =data-out from column n; DI b = data-in from column b.
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 (fixed) setting activated by MRO[1:0] = 01.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

FIGURE 176: READ (BC4) FIXep To WRITE (BC4) FIXED WITH 2"CK PREAMBLE IN SAME OR
DIFFERENT BANK GROUP

e -~y
K t

Command

READ to WRITE command delay
=RL+BL/2-WL+3 'CK

Bank Group
Address 4

Address

DQS_t,
DQas_c

bQ

U zzTime Break Transitioning Data Don't Care
K
Notes: 1. BC=4,RL=11(CL=1 1&: 0), READ preamble = 2tCK, WL =9 (CWL =9 + 1 [see Note
b

5], AL=0), WRITE e = 21CK.
2. DO n =data-oypffr olumn n; DI b = data-in from column b.

3. DEScomma hown for ease of illustration; other commands may be valid at
these time
. BC4 (fi ing activated by MRO[1:0] = 10.
5. Wh rating in 2'CK WRITE preamble mode, CWL may need to be programmed to a

tleast 1 clock greater than the lowest CWL setting.
6. arity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,

erite CRC = Disable.
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CK_c
CK_t
Command
READ to WRITE command delay
=RL +BL/2- WL +2 'CK
Bank Group /V
Address o 1 T T { T
| | | ] ] ]
Address ol /fV Colb
YWPST
Dot {( -
RL=11
))
DQ ((
\‘ ‘ ‘
& ZZTime Break Transitioning Data Don't Care
Notes: 1. BL=8,RL=11(CL=11, AL=0), READ pgea =1'CK, WL =9 (CWL =9, AL = 0), WRITE
preamble = 11CK.
2. DO n =data-out from column n; DI Qﬂa-in from column b.
3. DES commands are shown for e Mustration; other commands may be valid at
these times.

4. BC4 setting activated by M 0] =01 and A12 = 0 during WRITE commands at TO.
BL8 setting activated b :0] =01 and A12 = 1 during READ commands at T6.

5. CA parity = Disable, CS t0\QA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disabg

Ke ---
Kt

Command

READ to WRITE command delay
=RL+BL/2-WL+3'CK

Bank Group
Address

A

Address

DQS_t,
DQs_c

DQ

ZZTime Break Transitioning Data % Don't Care

Notes: 1. BL=8,RL=11(CL=11, AL=0), READ preamble = 2tCK, WL =10 (CWL =9 + 1 [see Note
5], AL = 0), WRITE preamble = 2tCK.

2. DO n =data-out from column n; DI b = data-in from column b.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 setting activated by MRO[1:0] =01 and A12 = 0 during WRITE commands at TO.
BL8 setting activated by MRO[1:0] =01 and A12 = 1 during READ commands at T6.
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5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,

Write CRC = Disable.

T0 T 17
Ke --- cT - -

Kt

Command

READ to WRITE command delay
=RL+BL/2- WL +2 'CK

Bank Group

Address

Address

DQS_t,

DQS_c

DQ

‘ ) . 7 \
® ZZTlmeBreak Transitioning Data ﬂ Don't Care

Notes:

Command

READ to WRITE command delay
=RL+BL/2-WL+3'CK

Bank Group

1.

preamble = 1tCK.
DO n =data-out from colu n,

DES commands are shown
these times.

BL8 setting activatedpy MRO[1:0] =01 and A12 = 1 during READ commands at TO0.
MRO[1:0] =01 and A12 = 0 during WRITE commands at T8.

= data-in from column b.
se of illustration; other commands may be valid at

Address 4

Address

DQS_t,

DQs_c

RL=11

bQ

WL=10

ZZT‘\meBreak Transitioning Data % Don't Care

Notes: 1. BL=8,RL=11(CL=11, AL=0), READ preamble = 2tCK, WL =10 (CWL = 9 + 1 [see Note
5], AL = 0), WRITE preamble = 2tCK.
2. DO n =data-out from column n; DI b = data-in from column b.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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4. BL8 setting activated by MRO[1:0] =01 and A12 = 1 during READ commands at TO0.
BC4 setting activated by MRO[1:0] =01 and A12 = 0 during WRITE commands at T8.

5. 5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

READ Operation Followed by PRECHARGE Operation

The minimum external READ command to PRECHARGE command spacing to the same bank is equal to AL + ‘RTP
with 'RTP being the internal READ command to PRECHARGE command delay. Note that the minimum ACT
to PRE timing, 'RAS, must be satisfied as well. The minimum value for the internal READ command to PRE-
CHARGE command delay is given by 'RTP (MIN) = MAX (4 x nCK, 7.5ns). A new bank ACTIVATE command may
be issued to the same bank if the following two conditions are satisfied simultaneously:

e The minimum RAS precharge time (‘RP [MIN]) has been satisfied from the clock at wgich the precharge begins.

e The minimum RAS cycle time (‘RC [MIN]) from the previous bank activation has b tisfied.

K =--|
Kt

Command

Bank Group
Address

Address

BC4 Opertaion

DQS_t,
DQS_¢

DO DO

|
.

DQ n+2)(n+3
|

BL8 Opertaion

DQs_t,
DQs_c

DQ \F DO ZSDozg DO, 2( DO, M DO 2& DO, Eg DO Eg DO ){

2 2 Time Break Transitioning Data Don't Care

Notes: 1. RL=11(CL=11,AL=0), Preamble = 11CK, tRTP =6, tRP = 11.
2. DO n = data-out from column n.

3. 3.DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. 4.The example assumes that tRAS (MIN) is satisfied at the PRECHARGE command time
(T7) and that TRC (MIN) is satisfied at the next ACTIVATE command time (T18).

5. 5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

N
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FIGURE 182: READ To PRECHARGE WITH 2"CK PREAMBLE

Bank Group
Address

Address

i T
| |
RL=AL+CL : :
BC4 Opertaion | |
| |
B U {—— O
| | \
DQ PPN )
(! (!
BL8 Opertaion : :
bas.¢ ! (O LD S U G G S
| | |
0 ( ( jEatatacatat

2 2 Time Break Transitioning Data Don't Care

¥

hJ
Notes: 1. RL=11(CL=11,AL=0), Preamtb*ck, tRTP=6,tRP=11.

2. DO n =data-out from column.

3. DES commands are shown se of illustration; other commands may be valid at
these times.

4. The example assumes thx AS (MIN) is satisfied at the PRECHARGE command time (T7)
and that 'RC (MIN) jesatisMed at the next ACTIVATE command time (T18).

. CA parity = Disaj Igo CA latency = Disable, Read DBI = Disable.

CKc ---
CK_t

Command

Bank Group
Address

Address

BC4 Opertaion
005 ¢ (!
pQ (!
BL8 Opertaion
e d ‘ 0
DQ (( (( (( (DO 1Dcr DOlDO DOlDO nDPej'(nD+°7

2 2 Time Break Transitioning Data V/A Don't Care

Notes: 1. RL=20(CL=11, AL=CL-2), Preamble = 1tCK, tRTP =6, tRP = 11.
2. DO n =data-out from column n.
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4. DES commands are shown for ease of illustration; other commands may be valid at
these times.

5. 4.The example assumes that tRAS (MIN) is satisfied at the PRECHARGE command time
(T16) and that tRC (MIN) is satisfied at the next ACTIVATE command time (T27).

5. 5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

FIGURE 184: READ WITH AuTO PRECHARGE AND 1TCK PREAMBLE

CKe ---y
CK_t

Command

Bank Group
Address

Address

BC4 Opertaion

iy U U mm N

BL8 Opertaion !

o 1 ik uﬂey 2%@
ba ( ( ( [} | |

), Preamble = 1'CK, tRTP =6, tRP = 11.

I

I I

b (( U ™ )1(591)("09,).(.9& v
I

I

2 2 Time Break Transitioning Data Don't Care

Notes: 1. RL=11(CL=1

2. DO n =data, column n.
3. DES comm{nhdsgpre shown for ease of illustration; other commands may be valid at
these tj

4. 'RTPegb\etting activated by MRO[A11:9 = 001].
5. Q%ﬁple assumes that tRC (MIN) is satisfied at the next ACTIVATE command time
).

parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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FIGURE 185: READ WITH AuTOo PRECHARGE, ADDITIVE LATENCY, AND 1"CK PREAMBLE

Ke ===y
CK_t

Command

Bank Group
Address

Address

BC4 Opertaion

Do %

DQ !

BL8 Opertaion

Dose U

DQ {
2 2 Time Break Transitioning Data Don't Care

Notes: 1. RL=20(CL=11,AL=CL-2), Pre wtCK, tRTP=6,tRP=11.

2. DO n =data-out from column.

3. DES commands are shown ése of illustration; other commands may be valid at
these times.

4. RTP =6 setting activatx MRO[11:9] = 001.

5. The example assugr®Nhat'RC (MIN) is satisfied at the next ACTIVATE command time
(T27).

6. CA parity = DisN#fle £5S to CA latency = Disable, Read DBI = Disable.

Command
Bank Group
Address
NN .
Address gank eals
we | 0| L ] ] ] g
112 st o e | | | | | | | |
I I I I I I I I
bQ e )A‘(nD+°1)(anz)"(ana)ﬂ(nD&);(nDPs)(nDPS)A‘(nD&)( i) )l‘(bnﬁ bDPI)%(hDPZ (hDPA)"(hDPE)(bDPG )‘(bD+°7)/
RL =11+ 2 (Read DBl adder) ‘ 1 ‘ 1 ‘ 1 ‘ 1 : : : :
[N R N Y | | | |
DBILn { ot 2) Nt 4/ \n A /b
ZZTime Break Transitioning Data Don't Care
Notes: 1. BL=8,AL=0,CL=11, Preamble = 1'CK, RL = 11 + 2 (Read DBI adder).
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READ Operation with Read Data Bus Inversion (DBI)

2. DO n (or b) = data-out from column n (or b); DBI n (or b) = data bus inversion from col-
umn n (or b).

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
commands at TO and T4.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Enable.

FIGURE 187: CoNsEcUTIVE READ (BL8) WiTH 1TCK PREAMBLE AND CA PARITY IN DIFFERENT BANK

Bank Group %
Address

Address l.ﬂ“

Parity

DQS_t,
DQS_c

RL=15

DQ

| | |
5)) (nDP4);(nDPS)‘(nDPE)‘( X D) PP ) l‘( 20 bDPS),.‘ Bosr)
| | | |

2 ZTime Break Transitioning Data Don't Care

\ g

BL=28, AL u:11,PL=4,(RL=CL+AL+PL=15), Preamble = 1'CK.

Notes: 1. ,
2. DO (o = data-out from column n (or b).
3. .?% ands are shown for ease of illustration; other commands may be valid at
etimes.
QL setting activated by either MRO[A1:A0 = 00] or MRO[A1:A0 =01] and A12 = 1 during
EAD commands at TO and T4.
. CA parity = Enable, CS to CA latency = Disable, Read DBI = Disable.
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FIGURE 188: READ (BL8) To WRITE (BL8) WiTH 1TCK PREAMBLE AND CA PARITY IN SAME OR
DIFFERENT BANK GROUP

K ---y
Kt

Command

READ to WRITE command delay

=RL+BL/2-WL+2 'CK

Bank Group
Address 4

Address /)
Parity

e U U - i O .
RL=15 | |
)) ) : :
DQ (( U( X X X X X X (O, V(. DI, DT 3, DT
‘ WL=13 ‘ ‘ ‘\
N\
ZZTimeBreak Transitioning Data Don't Care
\)
Notes: 1. BL=8,AL=0,CL=11,PL=4,(RL=CL =15), READ preamble = 1tCK, CWL =9,
AL=0,PL=4,(WL=CL+AL+PL= TE preamble = 1'CK.
2. DO n =data-out from column n, ata-in from column b.
3. DES commands are shown fo illustration; other commands may be valid at
these times.
4. BL8setting activated b % RO[1:0] =00 or MRO[1:0] =01 and A12 = 1 during READ
commands at TO and command at T8.
5. CA parity = Enabl o CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = D%
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READ Followed by WRITE with CRC Enabled

FIGURE 189: READ (BL8) To WRITE (BL8 oR BC4: OTF) wiTH 1TCK PREAMBLE AND WRITE CRC IN

SAME OR DIFFERENT BANK GROUP

To m 17 T8 T9 T0 ™ T2 T3 T4 ms T6 n7z T8 9 T20 T1 T22
Command
READ to WRITE command delay |
=RL+BL/2-WL+2'CK . L
s A% ] i ]
Address N / ‘
: : : tWwpsT
RL=11 | | | | & | | | |
DQ x4, { B N A D D T g MDD R DR ED R EDENCEI]
BL=8 Wizo | ‘ | ‘ | ‘ | | | | | |
b 1 DN N ENENEN O D R R e
=8
e} [
READ: BL =8, ({ 3 O R o ‘ | ‘ | \(jrg}(cr«C)
WRITE: BC = 4 (OTF) | | | | |
i 1 NED DN AT N CE
WRITE: BC = 4 (OTF) | | | | ‘ | ‘ | |
ZETime Break Transitioning Data % Don't Care
hd
Notes: 1. BL=8 (or BC=4; r Write), RL= 11 (CL= 11, AL = 0), READ preamble = 1'1CK, WL =
9(CWL=9, A , ITE preamble = 1tCK.
2. DO n=datgmBu m column n, DI b = data-in from column b.
3. DES com re shown for ease of illustration; other commands may be valid at
these
4. BL8 L% activated by either MR0[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
co nds at TO and WRITE commands at T8.
etting activated by MRO[1:0] =01 and A12 = 0 during WRITE commands at T8.
. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Enable.
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FIGURE 190: READ (BC4: Fixep) To WRITE (BC4: Fixep) wWiTH 1TCK PREAMBLE AND WRITE CRC IN

SAME OR DIFFERENT BANK GROUP

Command

READ to WRITE command delay | | | | |
=RL+BL/2-WL +2 'CK | | L - .
| I | | I | |
Bank Group
Address 78/ ; / 1 { ]
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
.
Address Ea R/
! ! ' twpst
| | I
00S.1, | I N |
DQ5_c (! ) - -4 - --q
RL=11 | | | | |
| | | |
DQ x4, { DO PO (PO NP b3 NERED)
BC = 4 (Fixed) | ‘ \ | |
WL=9 . ,
< | |
| | | y | |
|
|
\

|
DQx8/X16, (( D0} D0 YOOI D0LY « YOI NN e
BC = 4 (Fixed) I | [ [
I I I I

\v 2 2 Time Break Transitioning Data Don't Care

Notes: 1. BC=4 (Fixed), RL=11(CL=11, AL @B‘D preamble = 11CK, WL=9 (CWL=9, AL =
0), WRITE preamble = 1tCK.

2. DO n =data-out from column

3. DES commands are shown

these times.

4. BC4 setting activated b [1:0] =10.

5. CA parity = Disabl {to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Enghl

data-in from column b.
se of illustration; other commands may be valid at

READ Operation with Command/Ac(dress Latency (CAL) Enabled

FIGURE 191: CONSECUTIVE RE\), {BL8) wiTH CAL (3TCK) AND 1TCK PREAMBLE IN DIFFERENT BANK

GROUP
CKe ---
Kt
|
‘ tCAL=3 : ‘ 'CAL=3 : :
commane 77777 TN o NN e XA ero X LN o X e XL o XN X o YA
tCCD_S=4 : : : : : :
i 2l ‘ ‘ A | ‘ ‘ ‘ | Al | ‘
| | | | | |
Address an ﬂ }/ /f V ﬂ /
‘4& : : : : ! I tRpsT
R (—_— Neoea (— (P RSN (—
i | QD S S S { A O G0 0 G S (A O
RL=11 | | | | | |
f
DQ ‘ (( DI ‘ DI DI ‘ DI DI ‘ DI 4 : DI DI ‘[hEIR)(hDI )‘(kDI7)
RL=11 ‘
ZZTime Break Transitioning Data Don't Care
Notes: 1. BL=8,RL=11(CL=11, AL=0), READ preamble = 1*CK.
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2. DI n (or b) =data-in from column n (or b).

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
commands at T3 and T7.

5. CA parity = Enable, CS to CA latency = Enable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

6. Enabling CAL mode does not impact ODT control timings. The same timing relationship
relative to the command/address bus as when CAL is disabled should be maintained.

FIGURE 192: ConNsecUTIVE READ (BL8) wiTH CAL (4TCK) AND 1TCK PREAMBLE IN DIFFERENT BANK
GRouP

Cs_n

Bank Group

Address

Address

DQS_t,
DQS_c

DQ

Command
w/oCS_n

77/ A/ ANV A/ A/ A/ A/

fcCD_S=4

‘ RL=11

|
DI 7 DI DI DI DI V7 DI 1 V7 DI DI (belq)(hlilg)v(h?b)
‘ [

Q RL=11
(@ 2 2 Time Break Transitioning Data Don't Care
) |

STACKED Technologies Incorporated

N
Notes: 1. BL=S, 1(CL=11, AL=0), READ preamble = 1'CK.
2. DLn = data-in from column n (or b).
3. .DE§ c§mmands are shown for ease of illustration; other commands may be valid at
times.

L8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during READ
commands at T3 and T8.

5. CA parity = Enable, CS to CA latency = Enable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

6. Enabling CAL mode does not impact ODT control timings. The same timing relationship
relative to the command/address bus as when CAL is disabled should be maintained.
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WRITE Operation

Write Timing Definitions

The write timings shown in the following figures are applicable in normal operation
mode, that is, when the DLL is enabled and locked.

Write Timing — Clock-to-Data Strobe Relationship

The clock-to-data strobe relationship is shown below and is applicable in normal oper-ation mode, that is, when
the DLL is enabled and locked.

Rising data strobe edge parameters:

e DQSS (MIN) to 'DQSS (MAX) describes the allowed range for a rising data strobe edge relative to CK.
e DQSS is the actual position of a rising strobe edge relative to CK.
* 'DQSH describes the data strobe high pulse width.

e WPST strobe going to HIGH, nondrive level (shown in the postamble sectior(\@ graphic below).
Falling data strobe edge parameters:

e DQSL describes the data strobe low pulse width.
e WPRE strobe going to LOW, initial drive level (shown in the prean@ttion of the graphic below).
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FIGURE 193: WRITE TIMING DEFINITION

- - N

CK_t

\
Command® WRTEX(ZZZ) 08 77X 085 Y, VX 08 WX OB X7 06 N7 S YN 8 XX 6 XX S NIZIX S YT
WL =AL + CWL ! ! ! !
1 1 1 1
Address* 7X_BE ) AL
1 1 1 1
I I I I
DQSS |'DSH DSH DSH DSH
DQSS (MIN) WPRE(1nCK) | 1 1 [~ ‘wpsTaa
-ty - PRSI EN g
DQs_t, DQs ¢ (( N D N I G G I G G AR, G O IR G
'DQSL, | ‘DQSH_ | 1DQSL | ‘DQsH_| DOSL | 1DQSH_| DQsL, | tDQsH,_ |
DQSH (MIN) ! ' ' o DQSL (MIN)
55 55 DSS 55 sS
2 Vi v
DQ 1 DDy, i09)
| | |
1 1 ‘X 1
DSH_! 'DSH l& RH_! DsH_!
1DQSS (nominal) 'WPRE(1nCK) W “WPST (MIN)
r--- r--- - r-=--y—\ - -
DQs_t, DQS_¢ ({ R G SR W R G SR
‘DQsL, | 1DQsH DQsL, | 'DasH_ | DasL | tDasH
tDQSH (MIN) TDQSL(MIN)
DSS N S5 DSS DSS |
I I I

DQ?

—~L
—

i > tDSH tDSH tDSH
1 t
DQSS (MAX) &E cK) | | WST (MIN)
-k -l -F- -t - r-F- -F -
DQS_t, DQS_c (( [ I- R [ [ oL N1 A
DQSL_| 'DQSH_| 'DQSL | 'DQSH_| tDASL | 'DQSH_| 'DOSL_| {DQSH
I
I

DQSL (MIN)
’ . DSs 1 'DSs [ 1 'DSs

DQZ \_/ \ / (( V <g N z(/ />§ Diy zx Dy Zg Dy 2v« />§ 12y 2; D }

DM_n ?\‘ / __/
A @ Don't Care

2 2 Time Break EI Transitioning Data

Notes?ﬁ BL8, WL=9 (AL=0, CWL = 9).
2. D)yn =data-in from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRITE command at TO.

5. 'DQSS must be met at each rising clock edge.

Write Timing — Data Strobe-to-Data Relationship

The DQ input receiver uses a compliance mask (Rx) for voltage and timing as shown in the figure below. The
receiver mask (Rx mask) defines the area where the input signal must not encroach in order for the DRAM input re-
ceiver to be able to successfully capture a valid input signal. The Rx mask is not the valid data-eye. Tgijyw and Vgiyw
define the absolute maximum Rx mask.

STACKED Technologies Incorporated www.stackedtechnologies.com 294 H|gh Performance, H|gh|y |ntegrated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F



Advanced Information
S>l AKED. STODiSIaNEI08GD

ST9D4512M40DBGO

FIGURE 194: Rx COMPLIANCE MASK

\
DWW

Tdivw

AN
VCENTDQ,midpoint 1S defined as the midpoint between the largest Vrgrpq v@vel and the smallest Vrgrpq volt-

age level across all DQ pins for a given DRAM. Each DQ pin’s VRgpp( is dQfl by the center (widest opening) of
the cumulative data input eye as depicted in the following figure. Thi s a DRAM’s level variation is accounted
h

for within the DRAM Rx mask. The DRAM Vgggp( level will be set Q ystem to account for RON and ODT set-

tings. O

DQz
(largest VREFDQ Level)

FIGURE 195: Vcenr pg Vrerpg VOLTAGE VARIATION

DQ
(smallest vel)

VCENTDQ, midpoint

Ve variation
(component)

The following figure shows the Rx mask requirements both from a midpoint-to-midpoint reference (left side) and
from an edge-to-edge reference. The intent is not to add any new requirement or specification between the two
but rather how to convert the relationship between the two methodologies. The minimum data-eye shown in the
composite view is not actually obtainable due to the minimum pulse width requirement.
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FIGURE 196: Rx MAsk DQ-To-DQS TIMINGS

DQS, DQs Data-In at DRAM Ball DQS, DQs Data-ln at DRAM Ball
Rx Mask Rx Mask - Alternative View
0.5 x Tdivw 305 x Tdivw 0.5 x Tdivw 305 x Tdivw
DRAMa : :DRAMa s
oa Rx Mask 3 o Rx Mask I
Tdivw Tdivw
DQS2DQ +0.5 x TdivW :4
DQS2DQ |<—> bl -\
DRAMb 'DRAMb Rxlas 1
. H
DQy Rx Mask I 1 pay TN E
'DQ2DQ |- | — - 'DQ2DQ
DRAMb 'DRAMb Rx Mask I .
g x Mas z
DQz Rx Mask I;  DQz T 5
tpg2DQ —»‘ -
1005200 Q tDQS2DQ +0.5 x TdiVW
DRAMc %AMC Rx Mask z
DQz Rx Mask " DOz —Ta 5
| 'DQ2] ‘DQ2DQ —= :4—
: y ANA
DRAMCc : 'DRAMc Rx Mask 1 z
DQy RN KRy P R ;
‘DQ2DQ —» -
L\
Notes: represents an optimally centered mask.

Qy represents earliest valid mask.
? Qz represents latest valid mask.

2. DRAMa represents a DRAM without any DQS/DQ skews.
DRAMb represents a DRAM with early skews (negative tDQS2DQ).
DRAMCc represents a DRAM with delayed skews (positive tDQS2DQ).

3. This figure shows the skew allowed between DRAM-to-DRAM and between DQ-to-DQ
for a DRAM. Signals assume data is center-aligned at DRAM latch.
TdiPW is not shown; composite data-eyes shown would violate Tgipyy-
VCENTDQmidpoint IS NOt shown but is assumed to be midpoint of V.

The previous figure shows the basic Rx mask requirements. Converting the Rx mask requirements to a classical
DQ-to-DQS relationship is shown in the following figure. It should become apparent that DRAM write training is
required to take full advantage of the Rx mask.
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FIGURE 197: Rx MAsk DQ-To-DQS DRAM-BASED TIMINGS

DQS, DQs Data-In at DRAM Ball : DQS, DQs Data-In at DRAM Ball
Rx Mask vs. Composite Data-Eye Rx Mask vs. Ul Data-Eye
DQS_c
DQS_t
tDSx IDHx
|
A :
DRAMa Rx Mask =  DRAMa Rx Mask z
DQx,y, z - TdiVW =3 DQx-z < TdVW —» | -5
Y
TdiPW ~— TdiPW
DSy ‘s DHy
*Skew ';'
DRAMb T - s
DQy MW “DQZDQ >;E
DR QJ 0050 Rx Mask g
Z <— Tavww —» >
\ ~—TdiPW I >
Q DSz ‘ DHz
@ | *Skew
C} DRAMc \ woma | RX Mask £
DQy / _____ Q Q| e TdiVW 5
A DRAMc \ Rx Mask |, z
DQz / . TdVW | 2200 =
E <— TdiPW

Notes: 1. DQxrepresents an optimally centered mask.
DQy represents earliest valid mask.
DQz represents latest valid mask.
2. *Skew =tDQS2DQ + 0.5 x TdiVW
DRAMa represents a DRAM without any DQS/DQ skews.
DRAMb represents a DRAM with the earliest skews (negative tDQS2DQ, 'DQSy > *Skew).
DRAMCc represents a DRAM with the latest skews (positive 'DQS2DQ, 'tDQHz > *Skew).
3. 'DS/tDH are traditional data-eye setup/hold edges at DC levels.
DS and tDH are not specified; 'DH and DS may be any value provided the pulse width
and Rx mask limits are not violated.
tIDH (MIN) > TdiVW + DS (MIN) + 'DQ2DQ.

The DDR4 SDRAM’s input receivers are expected to capture the input data with an Rx mask of TdiVW provided the
minimum pulse width is satisfied. The DRAM controller will have to train the data input buffer to utilize the Rx
mask specifications to this maximum benefit.
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If the DRAM controller does not train the data input buffers, then the worst case limits have to be used for the Rx

mask (TdiVW + 2 x '1DQS2DQ), which will generally be the classical minimum ( 'DS and 'DH) and is required as
well.

FIGURE 198: EXAMPLE OF DATA INPUT REQUIREMENTS WITHOUT TRAINING

\ TdiVW + 2 x tDQS2DQ /
VIH

}
0.5 X Vgw

\
""" Rx Mask --/---1-------VEnTDQ midpoint
0.5 XV giyw

A
Y

(b9

>

VdiVW

-¢

WRITE Burst Operation
The following write timing diagrams are in@zto help understand each write parameter’s meaning and are only
tail separately. In these write timing diagrams, CK and DQS are

examples. Each parameter will be define
shown aligned, and DQS and DQ args center-aligned for the purpose of illustration.

DDR4 WRITE command supports JuXsts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses ad-
dress A12 to control OTF whe is enabled:

e Al2=0,BC4 (BC4 = bus{C )
e Al2=1,BL8 Q
WRITE commands can issue precharge automatically with a WRITE with auto precharge (WRA) command, which

is enabled by A10 HIGH.

¢ WRITE command with A10 = 0 (WR) performs standard write, bank remains active after WRITE burst
* WRITE command with A10 = 1 (WRA) performs write with auto precharge, bank goes into precharge after WRITE
burst

The DATA MASK (DM) function is supported for the x8 and x16 configurations only (the DM function is not sup-
ported on x4 devices). The DM function shares a common pin with the DBI_n and TDQS functions. The DM func-
tion only applies to WRITE operations and cannot be enabled at the same time the DBI function is enabled.

e IfDM_nis sampled LOW on a given byte lane, the DRAM masks the write data received on the DQ inputs.
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e If DM_n is sampled HIGH on a given byte lane, the DRAM does not mask the data and writes this data into the
DRAM core.

e If CRC write is enabled, then DM enabled (via MRS) will be selected between write CRC nonpersistent mode
(DM disabled) and write CRC persistent mode (DM enabled).

FIGURE 199: WRITE BURST OPERATION, WL =9 (AL =0, CWL =9, BL3S)

Command

Bank Group
Address

Address

DQS_t,
DQS_c

DQ {(

WL=AL+CWL=9
\s 2 2 Time Break Transitioning Data w Don't Care

N
Notes: 1. BL8, WL=0, = ,\VGL =9, Preamble = 1tCK.

2. DI n=Datagf fragf column n.
3. DEScom re shown for ease of illustration; other commands may be valid at
these

4. BL8 QY activated by either MR0O[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRIT§ command at TO.

arity = Disable, CS to CA atency = Disable, Read DBI = Disable.
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FIGURE 200: WRITE BURST OPERATION, WL =19 (AL =10, CWL =9, BLS)

CKe ---
CK_t
Command Z)( WRI
| | | |
| | | |
Bank Group
Address 9( 8Ga )(/ '( V / / T f T f
| | | |
| L | L
Address an /( ( / (/
YWPRE : | tWpsT
| |
DQS_t, ) ) 3) . I
DQS_c (( (( ‘__X_/ T;K_/\___‘I
| |
| |
AY AR
na R ({ HV ) A A
AL=10 TwWL=9 : :
WL=AL+CWL=19 : :
1

\V
:‘ N I 7 .
Q 2 2 Time Break Transitioning Data Don't Care

Notes: 1. BL8, WL=19,AL=10(CL-1 , Preamble = 1tCK.

2. DI n=data-in from column
3. DES commands are sh ase of illustration; other commands may be valid at
these times. \

4. BL8 setting activ. either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRITE comma@ 0.

5. CA parity =##Tsa CS to CA latency = Disable, Read DBI = Disable.

K ---y
CK_t

Command

Bank Group
Address =/

Address /)

‘WPRE

I
I
| e A
DQ (( \v(IES'“){'){"'){'MDIMI)(DIMIMDIMI)ng)gl)ngMI)(h[ll)

DQS_t,
DQS_c

WL=AL+CWL=9

WL=AL+CWL=9

2 2 Time Break Transitioning Data Don't Care

Notes: 1. BL8,AL=0,CWL=9, Preamble = 1'CK.
2. DI n (or b) =data-in from column n (or column b).
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRITE commands at TO and T4.

5. CA parity = Disable, CS to CA latency = Disable, Write DBI = Disable, Write CRC = Disable.

6. The write recovery time (*WR) and write timing parameter (‘WTR) are referenced from
the first rising clock edge after the last write data shown at T17.

FIGURE 202: CoNSECUTIVE WRITE (BL8) wWiTH 2TCK PREAMBLE IN DIFFERENT BANK GROUP

Command

Bank Group
Address

Address

DQS_t,
DQs_c

WL=AL+CWL=10

ba O e Y (LU ey (e (Y D))
I I I I

éY 2 2 Time Break Transitioning Data Don't Care

N
Notes: 1. BL8, AL=0, CWL =10 (see Note 7), Preamble = 2tCK.
m column n (or column b).

2. DI n (or b) = dgph-j
3. DES commt; hown for ease of illustration; other commands may be valid at

these ti
4. BLS seig ctivated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRIGE O Mands at TO and T4.
5. ;x,v ity = Disable, CS to CA latency = Disable, Write DBI = Disable, Write CRC = Disable.
rite recovery time (*WR) and write timing parameter (‘WTR) are referenced from
e first rising clock edge after the last write data shown at T17.
hen operating in 2tCK WRITE preamble mode, CWL may need to be programmed to a
value at least 1 clock greater than the lowest CWL setting supported in the applicable
tCK range, which means CWL =9 is not allowed when operating in 2tCK WRITE pream-
ble mode.
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FIGURE 203: NoNCONSECUTIVE WRITE (BL8) wiTH 1TCK PREAMBLE IN SAME OR DIFFERENT BANK

Command

Bank Group

DQS_t,
DQs_c

DQ

tCCD_S/L=5

Address

Address /)

WL=AL+CWL=9

| ol
| | |
[EREDEDEARAEN A DY ' DD CR GBI
x x
‘ WL=AL +‘CWL= 9 ‘ ‘ '\ ‘ ‘ ‘

/\\
v 2 2 Time Break Transitioning Data Don't Care

CK_t

Command

Bank Group
Address

Address

DQS_t,
DQs_c

DQ

Ke ---

Notes:

. BL8 setting activated by eith@
WRITE commands at TO
. CA parity = Disable, CS \\/ atency = Disable, Write DBI = Disable, Write CRC = Disable.
o (0

. The write recovery sm R) and write timing parameter (‘WTR) are referenced from
the first rising cl Q’_‘ after the last write data shown at T18.

. BL8, AL=0, CWL =9, Preamble = 1tCK, t@‘ = 5tCK.
. DI n (or b) = data-in from column n % n b).
|

. DES commands are shown for ezQ ustration; other commands may be valid at

these times.
1:0] =00 or MRO[1:0] =01 and A12 = 1 during

SN S DD SR S S

| Tl | | | |
| | | | | |
| | | | | |
\'g I éx DI 2( I 2g DI 2g 1 2g DI Zg I 2("9}7 \( DI Zg DI 2( I 2( DI 2g I Zg DI 2g I 2(;.'3'7
| | | | | | |

WL=AL+CWL=10

ZZTime Break Transitioning Data w Don't Care
)

Notes:
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. BL8,AL=0,CWL=9+ 1= 10 (see Note 8), Preamble = 2tCK, t*CCD_S/L = 6tCK.
. DI n (or b) =data-in from column n (or column b).
. DES commands are shown for ease of illustration; other commands may be valid at

these times.

. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during

WRITE commands at TO and T6.
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5. CA parity = Disable, CS to CA latency = Disable, Write DBI = Disable, Write CRC = Disable.
tCCD_S/L =5 isn't allowed in 2tCK preamble mode.

7. The write recovery time (*WR) and write timing parameter (‘WTR) are referenced from
the first rising clock edge after the last write data shown at T20.

8. When operating in 2'CK WRITE preamble mode, CWL may need to be programmed to a
value at least 1 clock greater than the lowest CWL setting supported in the applicable

tCK range, which means CWL =9 is not allowed when operating in 2tCK WRITE pream-
ble mode.

FIGURE 205: WRITE (BC4) OTF 1o WRITE (BC4) OTF wiTH 1TCK PREAMBLE IN DIFFERENT BANK
GRouP

Ke ---
Kt

o

Command

Bank Group
Address

Address /)

DQS_t,
DQS ¢

WL=AL+CWL=9

DQ

2 2 Time Break Transitioning Data w Don't Care
4

Notes: 1.
2.
3.

4. B %\g activated by MRO[1:0] =01 and A12 = 0 during WRITE commands at TO and

parity = Disable, CS to CA latency = Disable, Write DBI = Disable, Write CRC = Disable.

he write recovery time (*WR) and write timing parameter (‘WTR) are referenced from
the first rising clock edge after the last write data shown at T17.
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Ke ---
CK_t

Command

Bank Group
Address

Address /X Bank

YWPRE ‘ | twesT

B A Y S G5 S0 W SRS U Y o
WL=AL+CWL=10 | | g ;\
| | |
DQ \’g 4 é:g DI Zg T 2("2'3 \
| |
WL=AL+CWL=10 '\

3
é z?Timereak Transitioning Data Don't Care
Notes: 1. BC4,AL=0,CWL=9+1=10 (see Note Wble = 2tCK.

2. DI n (or b) =data-in from column n n b).

3. DES commands are shown for ea %tration; other commands may be valid at
these times.

4. BC4 setting activated by MRQO =01 and A12 = 1 during WRITE commands at TO and
T4,

5. CA parity = Disable, CS atency = Disable, Write DBI = Disable, Write CRC = Disable.

6. 6. The write recovepm '%tWR) and write timing parameter (‘WTR) are referenced from
the first rising clg @i_‘ after the last write data shown at T18.

7. When operatifgs K WRITE preamble mode, CWL may need to be programmed to a

value at legf ¥k greater than the lowest CWL setting supported in the applicable

means CWL = 9 is not allowed when operating in 2tCK WRITE pream-

CKe ---
CK_t

Command

Bank Group
Address

Address

DQS_t,
DQS_c

WL=AL+CWL=9

| w
I
| |

pa ‘ (! \A_TLX&MB]{Z)("% KD DDA

WL=AL+CWL=9

2 2 Time Break Transitioning Data m Don't Care

Notes: 1. BC4,AL=0,CWL=9, Preamble = 1'CK.
2. DI n (or b) =data-in from column n (or column b).

STACKED Technologies Incorporated www.stackedtechnologies.com 304 H|gh Performance, H|gh|y |ntegrated Memory Module
June 23, 2017 STDS-ST9D4512M32DBGO Rev F



Advanced Information
S>l AKED. STODiSIaNEI08GD

ST9D4512M40DBGO

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 (fixed) setting activated by MRO[1:0] = 10.
5. CA parity = Disable, CS to CA latency = Disable, Write DBI = Disable, Write CRC = Disable.

6. The write recovery time (tWR) and write timing parameter (tWTR) are referenced from
the first rising clock edge after the last write data shown at T15.

Ke ---
Kt

Command

Bank Group
Address

Address

DQS.t,
DQS_c

WL=AL+CWL=9

bQ

WL=AL+CWL=9

U ZZTime Break Transitioning Data Don't Care
%
Notes: 1. BL=8/BC=4,AL=0, Cx; Preamble = 1tCK.
m

olumn n (or column b).

2. DIn (orb)=data-i
3. DES command@ n for ease of illustration; other commands may be valid at

these times.

4. BL8 settingfactiyd®ed by MRO[1:0] =01 and A12 = 1 during WRITE command at TO.

BC4 seRy ctivated by MR0O[1:0] =01 and A12 = 0 during WRITE command at T4.
. CA f Disable, CS to CA latency = Disable, Read DBI = Disable, Write CRC = Disable.

5
6. Th§ ite recovery time (‘WR) and write timing parameter (‘WTR) are referenced from
Q irst rising clock edge after the last write data shown at T17.

?\
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FIGURE 209: WRITE (BC4) OTF To WRITE (BL8) wiTH 1TCK PREAMBLE IN DIFFERENT BANK GROUP

Ke ---
CK_t

Command

Bank Group
Address

Address

DQS_t,
DQs_c

WL=AL+CWL=9 | |

DQ T DI I DI \(— T DI T DI I DI

I : I
&\ ZZTime Break Transitioning Data [////] Don't Care
&~

WL=AL+CWL=9

Notes: 1. BL=8/BC=4,AL=0,CL=9, Preamble =1 ?
2. DI n (or b) =data-in from column n (or @9 ).
3. DES commands are shown for ease sWation; other commands may be valid at
these times.

:@1 and A12 =0 during WRITE command at TO.

0] =01 and A12 = 1 during WRITE command at T4.
ency = Disable, Read DBI = Disable, Write CRC = Disable.

The write recovery tjme ) and write timing parameter (‘WTR) are referenced from
the first rising cloe after the last write data shown at T17.

4. BC4 setting activated by MRO

BL8 setting activated by M
CA parity = Disable, CS

o w

WRITE Operation Followed by READ C peration

FIGURE 210: WRITE (BL8) Tc R¥.AD (BL8) WiTH 1"CK PREAMBLE IN DIFFERENT BANK GROUP

K ---y
Kt

Command

Bank Group
Address

Address

DOs t, R e e Sy ey Yy
DQs_c r‘,,,/ b - - - - ) [\,,_ - - -

WL=AL+CWL=9 | | | | RL=AL+CL=11

DQ (( K—I DI g DI T DI g DI, (( %I )A(ball halz)a(blili kEIA)(kEIE hq-lﬁ

ZZTTmeBreak Transitioning Data V/A Don't Care

Notes: 1. BL=8, WL=9(CWL=9, AL=0),CL= 11, READ preamble = 1*CK, WRITE preamble =
1CK.

DI b = data-in from column b.

DES commands are shown for ease of illustration; other commands may be valid at
these times.

w N
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4. BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during
WRITE command at TO and READ command at T15.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

6. The write timing parameter (tWTR_S) is referenced from the first rising clock edge after
the last write data shown at T13.

FIGURE 211: WRITE (BL8) To READ (BL8) wiTH 1TCK PREAMBLE IN SAME BANK GROUP

CK_t

Command

Bank Group
Address

Address

DQS_t,
DQs_c

DQ

CKec ---

WL=AL+CWL=9

(!

2 ZTime Break Transitioning Data V/A Don't Care

1
la———— e
A S (R S (— L") (R _—
! ! ! ! RL=AL+CL=11 !
| | | | |
S — S — It B
T DT Y7 On Y7 O AYEC] Y7 DI ( Ya YAl T
| | | | Q |

ya

Notes:

STACKED Technologies Incorporated

1. BL=8, WL=9(CWL=9, AL %CL =11, READ preamble = 1*CK, WRITE preamble =
1tCK.

2. DI b=data-in from colm .
3. DES commands :r@wn for ease of illustration; other commands may be valid at

these times.

4. BL8 settingTti d by either MRO[1:0] =00 or MRO[1:0] =01 and A12 = 1 during
WRITE ¢ at TO and READ command at T17.

5. CApa isable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,

= Disable.
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FIGURE 212: WRITE (BC4) OTF To READ (BC4) OTF wiTH 1TCK PREAMBLE IN DIFFERENT BANK
GRoOuP

CKe --
CK_t

Command

Bank Group
Address

Address

R
RL=AL+CL=11 \

\Ozz

DQS_t,
DQS_c

WL=AL+CWL=9

Time Break Transitioning Data V/A Don't Care

Y
Notes: 1. BC=4,WL=9(CWL=9,AL=0),CL=11, REA?namble = 1'CK, WRITE preamble =
1tCK.

2. DI b =data-in from column b.
3. DES commands are shown for ease Qbytration; other commands may be valid at
these times.

4. BC4 setting activated by MR 1 and A12 = 0 during WRITE command at TO and
READ command at T15.

5. CA parity = Disable, CS tency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

6. The write timing @aralyeter ("\WTR_S) is referenced from the first rising clock edge after
the last write ¢4 gvn at T13.

7 T8 T
e --- --y R Y
Command (o X205 N
|
|
Bank Group
i 2 i
]
|
Address N
1 1 1
| | RPRE |
| I “—’ |
DQS_t, -- - - --- e
DQS_c ‘\ . A m (! ]\ o ,X_}/i*_} .
WL=AL+CWL=9 ! ! RL=AL+CL=11 !
| | |
DQ “ DB |w(n|‘3|3 “ T

2 z Time Break Transitioning Data V/A Don't Care

Notes: 1. BC=4,WL=9(CWL=9,AL=0),CL=11, READ preamble = 1*CK, WRITE preamble =
1CK.
2. DI b =data-in from column b.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 setting activated by MRO[1:0] =01 and A12 = 0 during WRITE command at TO and
READ command at T17.
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. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

The write timing parameter (tWTR_L) is referenced from the first rising clock edge after
the last write data shown at T13.

FIGURE 214: WRITE (BC4) Fixep To READ (BC4) FIXED WITH 1TCK PREAMBLE IN DIFFERENT BANK

Command

Bank Group
Address

Address

DQS_t,
DQsS_c

bQ

7

T8

T9 T10 T T2 T3 T4 T22 T23 T24 T25 T26 T27 T28 T29
- - --- r-- - - - - - - - - - == --- - - - ---y - - =y -

WL=AL+CWL=9

‘ N IR
] I

V G

- = - -

! RL:AL+CL:€ !

| |
|

(!

! !
| |
B - _ l
\( T lg DI 2x 1 2‘"2'3 (( ‘ I DI I LIRY,
| | | |
ZZTimeBreak Transitioning Data Don't Care

CK_t

Command

Bank Group
Address

Address

DQS_t,
DQs_c

DbQ

CKe ---

Notes:

1.

BC=4,WL=9(CWL=9,AL=0), , READ preamble = 1 'CK, WRITE preamble =
1CK.

DI b = data-in from colum

DES commands are sh ase of illustration; other commands may be valid at
these times.

BC4 setting activ MRO[1:0] = 10.

CA parity = Di , N¥to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC 5®is

The writaghgind parameter ("\WTR_S) is referenced from the first rising clock edge after
the las ¢ data shown at T11.

WL=AL+CWL=9

‘ ‘RPRE ! !
D

RL=AL+CL=11

(!

--- )
| | |
| | |
| | L

[ DI DI I DI ( ( YAl DI I DI_},/
| | | |

) - v ,
2 2 Time Break Transitioning Data [/} Don't Care

Notes:

STACKED Technologies Incorporated

1.

www.stackedtechnologies.com 309

BC=4,WL=9(CWL=9,AL=0),CL=11,READ preamble = 1*CK, WRITE preamble =
1t1CK.

2. DI b =data-in from column b.
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 setting activated by MRO[1:0] = 10.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write DBI = Disable,
Write CRC = Disable.

6. The write timing parameter ("‘WTR_L) is referenced from the first rising clock edge after
the last write data shown at T11.

WRITE Operation Followed by PRECHARGE Operation

The minimum external WRITE command to PRECHARGE command spacing is equal to WL (AL + CWL) plus either
4'CK (BL8/BC4-OTF) or 2'CK (BC4-fixed) plus 'WR. The minimum ACT to PRE timing, ‘RAS, must be satisfied as
well.

FIGURE 216: WRITE (BL8/BC4-OTF) To PRECHARGE WiITH 1TCK PREZ MB .

WL=AL+CWL=9

BGa, Bank b
Coln

nacress TN 10

BC4 (OTF) Opertaion

BGa, Bank b
(or all)

Bose U

DQ {{

BL8 Opertaion

Do U

DQ (!

ZZTime Break Transitioning Data % Don't Care

Notes: 1. % with BC4-OTF, WL=9 (CWL=9, AL=0), Preamble = 1'CK, tWR = 12.
= data-in from column n.
QES commands are shown for ease of illustration; other commands may be valid at
these times.

4. BC4 setting activated by MRO[1:0] =01 and A12 = 0 during WRITE command at TO. BL8
setting activated by MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during WRITE command
at TO.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, CRC = Disable.

6. The write recovery time (*WR) is referenced from the first rising clock edge after the last
write data shown at T13. tWR specifies the last burst WRITE cycle until the PRECHARGE
command can be issued to the same bank.
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FIGURE 217: WRITE (BC4-Fixep) To PRECHARGE wiTH 1TCK PREAMBLE

Ke ---
Kt

Command

BGa, Bank b BGa, Bank b
Coln ! | or all)
nacess N, v )
| T
| |
BC4 (Fixed) Opertaion | |
| |
DQS_t, --- -- ---

DQS_¢ (( X /i\,‘\_/,—,_\‘(_/ ((
! !
— I

- (( T )7 DT 37 D)7 DI ((

' EN e Break Transitioning Data Don't Care

Notes: 1. BC4 =fixed, WL=9 (CWL=9, AL=0), Preamble = t@lﬁ: 12.
2. DI n=data-in from column n. \
3. DES commands are shown for ease of illustragign; d&her commands may be valid at

these times.

4. BC4 setting activated by MRO[1:0] = 10.

CA parity = Disable, CS to CA latenc €) isdble, Read DBI = Disable, CRC = Disable.

6. The write recovery time (*WR) is yedaced from the first rising clock edge after the last

write data shown at T11. tW s the last burst WRITE cycle until the PRECHARGE

u

command can be issued to t

WL=AL+CWL=9
BGaC,glarl;ka ‘ \ i ‘ i i ‘ i
d
Address U /X \ ‘ / ‘ / 4 V
BC4 (OTF) Opertaion ON : : : :
oot v)/ it U0 s e S o Sy I 4
o0 v 1 G, l l 1
BL8 Opertaion : : : :
pQ ki NaBY B O O O oS T o 1

2 ZTime Break Transitioning Data V/A Don't Care

Notes: 1. BL =8 with BC4-OTF, WL=9 (CWL=9,AL=0), Preamble = 1tCK, t\WR = 12.
2. DI n=data-in from column n.
DES commands are shown for ease of illustration; other commands may be valid at
these times.
4. BC4 setting activated by MRO[1:0] =01 and A12 =0 during WRITE command at TO.
BL8 setting activated by MRO[1:0] = 00 or MR0O[1:0] =01 and A12 = 1 during WRITE com-
mand at TO.

5. CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable, CRC = Disable.

w
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6. The write recovery time (tWR) is referenced from the first rising clock edge after the last
write data shown at T13. tWR specifies the last burst WRITE cycle until the PRECHARGE
command can be issued to the same bank.

FIGURE 219: WRITE (BC4-Fixep) To AuTo PRECHARGE WITH 1TCK PREAMBLE

' 2Clocks
t

BGa, Bank b |
Coln |

naaress ) Y Al

BC4 (Fixed) Opertaion
DQsS_t,

005 ¢ (! D G S W G

L L L N
> ( T ,QW
| |
2 2 Time Break Transitioning Data Don't Care

Notes: 1. BC4 =fixed, WL=9 (CWL=9,AL=0)
2. Dl n=data-in from column n.
3. DES commands are shown for egf

e=1'CK, 'WR = 12.

ustration; other commands may be valid at

these times.
4. BC4 setting activated by M 0] =10.
5. CA parity = Disable, CS tency = Disable, Read DBI = Disable, CRC = Disable.
6. The write recovery time ) is referenced from the first rising clock edge after the last

write data shown@}. tWR specifies the last burst WRITE cycle until the PRECHARGE

command can@ to the same bank.
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WRITE Operation with WRITE DBI Enabled

FIGURE 220: WRITE (BL8/BC4-OTF) wiTH 1TCK PREAMBLE AND DBI

T0 m ™ iE] T4 5 T6 7 8 T o ™ T2 T3 T4 TIs Ti6 7
K -~ ) - - -y ) - - - |- - e - - - - - - - - -y - o=~ -y - -~ === - - - - - |- -y - -
Kt R R o0 S ] o __0 L S 3 o ) - S L0 R o]

| | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I
Command /YWRITE DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES
WL=AL+CWL=9 ' 4ciocks ! WR
I I I I
| ‘ | | ‘ | ‘WTR
| |

Address /X BGa )

Address

BC4 (OTF) Opertaion : : : ‘ !
DQS_t, - -y -1 -
Das.¢ N G S W G G
| | | |
| | \‘ I
DQ VAT IRYAUINY ‘ v‘
| | |
| | ) |
DBLn OO RDEDER T |
I | |
BL8 Opertaion : : :
DQS_t, == === - === lr ===
DQs_¢ A L TN X
| | |
| | |
DQ LA XU X P Y P
| | |
/ | | |
DBI_n DI DI DI DI DI DI J ("EI7)-

| 1 | 1
\é Transitioning Data Don't Care

N
Notes: 1. BL=8with BC4-OQL =9 (CWL=9,AL=0), Preamble = 11CK.
DI n = data-in mn n.

DES comm S hown for ease of illustration; other commands may be valid at

w N

these ti
4. BC4 seq ctivated by MR0O[1:0] =01 and A12 = 0 during WRITE command at TO.
BL8 INg activated by MRO[1:0] =00 or MRO[1:0] =01 and A12 = 1 during WRITE com-

led.

mi{n§at TO.
Q’?&arity = Disable, CS to CA latency = Disable, Write DBI = Enabled, Write CRC = Disa-
he write recovery time (*WR_DBI) is referenced from the first rising clock edge after the
last write data shown at T13.
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FIGURE 221: WRITE (BC4-FiXEp) WiTH 1TCK PREAMBLE AND DBI

Ke ---
CK_t
Command
WL=AL+CWL=9 ' 2clocks ! WR
; | WTR
nddress ‘ ;
Address ‘ : ‘ ‘
BC4 (Fixed) Opertaion : :
oo NG e )
DBILn ) o e
\ Transitioning Data Don't Care
-
Notes: 1. BC4 =fixed, WL=9 (CWL=9,AL=0), Prea E = 11CK.
2. DI n=data-in from column n.
3. DES commands are shown for ease Q.stration; other commands may be valid at
these times.
4. BC4 setting activated by MRQ#: 0.
5. CA parity = Disable, CSto C ency = Disable, Write DBI = Enabled, Write CRC = Disa-
bled. \
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WRITE Operation with CA Parity Enabled

FIGURE 222: CoNSECUTIVE WRITE (BL8) wiTH 1TCK PREAMBLE AND CA PARITY IN DIFFERENT BANK
GRouP

Command

Bank Group
Address

Address

Parity / /
YWPRE | | | | | | wpsT
‘ | | | | \\ | (i
DQS_t, - - - - - T o= - - - --- -
Dasc [ G G S SR G D S S A ) G G G
WL=PL+AL+CWL=13 ! ! ! ! | ! ! !
| | | | | \ |
T T | T T |
DQ 4 DI I DI T DI DI DI J il J (I'RI()( J )( DI )
| \

WL=PL+AL+CWL=13

8 z Time Break Transitioning Data Don’t Care
y4

Notes: 1. BL=8, WL=9(CWL=13 Y) Preamble = 11CK.
2. DI n=data-in from col

3. DES commands ar

these times.

4. BL8setting ac
mands at Tff an

or ease of illustration; other commands may be valid at

y MRO[1:0] =00 or MR0O[1:0] =01 and A12 = 1 during WRITE com-
le, CS to CA latency = Disable, Write DBI = Enabled, Write CRC = Disa-

5. CA parity
bIe

6. e recovery time (tWR) and write timing parameter (‘WTR) are referenced from
h f t rising clock edge after the last write data shown at T21.
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WRITE Operation with Write CRC Enabled

FIGURE 223: CoNSECUTIVE WRITE (BL8/BC4-OTF) wiTH 1"CK PREAMBLE AND WRITE CRC IN SAME
23 oR DIFFERENT BANK GROUP

CKec ---
CKt

Command

| ]
T

Bank Group
Address

Address

DQS_t,
DQS_c

WL=AL+CWL=9

| | |
PR EN D ENED]

! (h'i'z)(hl )(h'i' )'(ha.ﬁ)(hel NED] ‘
T
DQx4,

1
\ ‘ | \ \
1
BC =4 (OTF) ‘

|
DQXB/X16, c v
BC=4(0TF) { @D S & ﬁ ‘ \\(_Jm),in_rz}' Y ('3'1) ‘
| | |

\ Eane Break Transitioning Data  [///] Don'tCare

DQ x8/X16,
BL=8

Notes: 1. BL8/BC4- OTF = L=9, Preamble = 1'CK, tCDD_S/L = 5'CK.
2. DIn(orb)= rom column n (or column b).
3. DES comm nds shown for ease of illustration; other commands may be valid at

these ti
4 BL8 t ctlvated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 =1 during
I%m mands at TO and T5.

5 ting activated by MRO[1:0] =01 and A12 = 0 during WRITE commands at TO and
5

?7' Aparity Disable, CS to CA latency = Disable, Read DBI = Disable, Write CRC = Enable.

%

The write recovery time (tWR) and write timing parameter (‘WTR) are referenced from
the first rising clock edge after the last write data shown at T18.
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FIGURE 224: CoNSECUTIVE WRITE (BC4-FiXeEp) WiTH 1TCK PREAMBLE AND WRITE CRC IN SAME OR
DIFFERENT BANK GROUP

CKe ---,
CK_t

Command

tCCp_S/L=

5

Bank Group
Address

Address

DQS_t,
DQs_c

DQ x4,

BC =4 (Fixed)

DQ x8/X16,

BC =4 (Fixed)

A A B e

| | (- I (- 3 I |

/—\‘\_/i\/‘ﬂ_/,—,_\‘\_/i}\_wi\"\_/ 3 - -

WL=AL+CWL=9 | I I t ; I I I I

| | | | | | |

; ‘ INCESESE XA ; IRENES)

1 1 AN | 1 1 ‘

| | | | £ | | | |

N N

|
(( }JI Gl ILI T G YOCRY AR RC :
TR L] IO 1

& ZZTime Break Transitioning Data Don't Care

Notes:

?\

STACKED Technologies Incorporated

1. BC4-fixed, AL=0, CWL =9, Pream Q'K\K tCDD_S/L = 5tCK.
2. DIn (or b) =data-in from colum@r olumn b).
3. DES commands are shown f fillustration; other commands may be valid at
these times.
4. BC4 setting activated b\ :0] = 10 during WRITE commands at TO and T5.
t

5. CA parity = Disable o ®A latency = Disable, Read DBI = Disable, Write CRC = Enable,
DM = Disable.

e (‘WR) and write timing parameter (‘WTR) are referenced from

6. The write recoepp t
the first risiec} edge after the last write data shown at T16.

&

Q
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FIGURE 225: NONCONSECUTIVE WRITE (BL8/BC4-OTF) wiTH 1TCK PREAMBLE AND WRITE CRC IN
SAME OR DIFFERENT BANK GROUP

Command

Bank Group
Address 4

Address /)

\WPRE | | | | | | | | | | | tWpsT

e A A AR O AN R S AN AR N A A AT |
WL=AL+CWL=10 | | | | | | ‘ | | | |
‘ I I I I I I I I I I

paxd U &W&W@W&mﬁmx) ! e T T e ) er Y

BL=

° ! WAL aWL- 10 ! ! ! ! ! ‘ N\ ; ; ; ;
basens, 1 ey . A A e A DOl
| | | | | | | | |

st U NEB DDA ‘ l ‘ TEON NEDEDEY | R EY
DQx8/x16, V] DIRYACIRY AL f y ) j T Algl* T |;| j j ‘ j
BC=4(0TF) {{ (_T_Z(m)(m)(m) ‘ | ‘ @g ‘ | EDG ‘ | ‘ | |
| { | | | | | | | | |

O 2 2 Time Break Transitioning Data M Don't Care
gf

Notes: 1. BL8/BC4-OTF, AL=0, CV\% reamble = 11CK, tCDD_S/L = 6tCK.
2. DI n (or b) =data-in fro umn n (or column b).

3. DES commands ar@wn for ease of illustration; other commands may be valid at

these times.

4. BL8setting by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 =1 during
WRITE co a at TO and T6.

5. BC4 segd ivated by MR0O[1:0] =01 and A12 = 0 during WRITE commands at TO and
T6.

6. C p%lty = Disable, CS to CA latency = Disable, Read DBI = Disable, Write CRC = Enable,
Qs: isable.

Q:\e write recovery time (YWR) and write timing parameter ("WTR) are referenced from
?\ e first rising clock edge after the last write data shown at T19.
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FIGURE 226: NONCONSECUTIVE WRITE (BL8/BC4-OTF) wiTH 2"CK PREAMBLE AND WRITE CRC IN
SAME OR DIFFERENT BANK GROUP

Command

Bank Group
Address

Address

DQs_t,
DQS_c

pQx4, RN ED RN ENED]
BL=8 | | | | |
< | | | | |

y | | | |
Q & h?]2'%?'3['?%{&?3)’(hJA)‘(hE‘i)(hJ&)'(be-‘?)'(cm) !
« | | : ‘ |
| L

|
b3 23 b3

DQ x8/X16,
BL=8

DQ x4,
BC=4(0TF)

DQ x8/X16,
BC=4(0TF)

Eleme Break Transitioning Data [///] Don'tCare

Notes: 1. BL8/BC4-OTF, AL=0, CWL _% =10 (see Note 9), Preamble = 2'CK, *CDD_S/L = 7'CK
(see Note 7).
2. DIn (or b) =data-in f:om) umn n (or column b).

n for ease of illustration; other commands may be valid at

3. DES commands
these times.
4. BLS8 settinggCti d by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during

satTOand T7.

5. BC4se ctivated by MRO[1:0] =01 and A12 = 0 during WRITE commands at TO and
T7. ?
6. CA ity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write CRC = Enable,
Disable.

DD_S/L = 6'CK is not allowed in 2tCK preamble mode.

?& The write recovery time (*WR) and write timing parameter (‘WTR) are referenced from
the first rising clock edge after the last write data shown at T21.

9. When operating in 2tCK WRITE preamble mode, CWL may need to be programmed to a
value at least 1 clock greater than the lowest CWL setting supported in the applicable
tCK range. That means CWL = 9 is not allowed when operating in 2tCK WRITE preamble
mode.
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FIGURE 227: WRITE (BL8/BC4-OTF/Fixep) WiTH 1TCK PREAMBLE AND WRITE CRC IN SAME OR
DIFFERENT BANK GROUP

CKe ==y
CK_t

Command

‘WR_CRC_DM

'WTR_S_CRC_DM/'WTR_L_CRC_DM

Bank Group
Address

Address

| |
‘ WPRE | |
e |

| |

NER
Bac (( R Immmm

WL=AL+CWL=9

|

|
e e (o) (a P e a2z ) L CRE S CRE

I

DQ x4, \(
BL=8 ( ( I I I I
I I I I I
-~
Lax8xI6, U O G ) D o o G (e N
BL=8 | | | | : \
I I I I
DMx4/x8/x16 (( OV YoM ¥ o, (oMY, XEZUX X / M
f=s | | |
x4, . I - | |
BC=4 (OTF/DF\(:eg) ( ( \(_Lﬂngﬂ)ﬁﬁ_'zﬂn?'a) ‘ :
| | |
b= OTF e U e l
I I

|
DM x4/x8/x16

|
BC =4 (OTF / Fixed) (! XD EX Y QY

zz'ﬁme Break Transitioning Data ~ [///] Don't Care

Notes: 1. BL8/BC4, AL=0, 9, Preamble = 11CK.
2. DIn(orb)=d rom column n (or column b).
3. DES comm@ shown for ease of illustration; other commands may be valid at
these tim
4. BL8get ctivated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 =1 during
WRI mand at TO.
5. s@tting activated by either MRO[1:0] = 10 or MRO[1:0] =01 and A12 =0 during

E command at TO.
A parity = Disable, CS to CA latency = Disable, Read DBI = Disable, Write CRC = Enable,
?“ DM = Enable.
7.

The write recovery time (‘WR_CRC_DM) and write timing parameter ("‘WTR_S_CRC_DM/
YWTR_L_CRC_DM) are referenced from the first rising clock edge after the last write data
shown at T13.
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Write Timing Violations

Motivation

Generally, if timing parameters are violated, a complete reset/initialization procedure has to be initiated to make
sure that the device works properly. However, for certain minor violations, it is desirable that the device is guaran-
teed not to “hang up” and that errors are limited to that specific operation. A minor violation does not include a
major timing violation (for example, when a DQS strobe misses in the 'DQSCK window).

For the following, it will be assumed that there are no timing violations with regard to the WRITE command itself
(including ODT, and so on) and that it does satisfy all timing requirements not mentioned below.

Data Setup and Hold Violations

If the data-to-strobe timing requirements (‘DS, 'DH) are violated, for any of the stroees associated with a

WRITE burst, then wrong data might be written to the memory location addresse@ this WRITE command.
clock edges: T5, T5.5, T6, T6.5,

In the example, the relevant strobe edges for WRITE Burst A are associated wj t\e
T7,7T7.5, T8, and T8.5.

Subsequent reads from that location might result in unpredictable read E; however, the device will work prop-
erly otherwise. O

Strobe-to-Strobe and Strobe-to-Clock Violations

If the strobe timing requirements (‘DQSH, tDQSL, ‘WPR ‘«V PST) or the strobe to clock timing requirements
('DSS, 'DSH, '!DQSS) are violated, for any of the strobewd¥es associated with a WRITE burst, then wrong data might
be written to the memory location addressed wimo ending WRITE command. Subsequent reads from that

location might result in unpredictable read daj; ver, the device will work properly otherwise with the follow-
ing constraints: %

¢ Both write CRC and data burst OTF ar @led; timing specifications other than 'DQSH, 'DQSL, 'WPRE, 'WPST,
DSS, 'DSH, 'DQSS are not Violated.$

* The offending write strobe (an le) arrive no earlier or later than six DQS transition edges from the
WRITE latency position. x

e A READ command followj fending WRITE command from any open bank is allowed.

¢ One or more subseque a subsequent WRA (to same bank as offending WR) may be issued {CCD_L later,
but incorrect data coul%vritten. Subsequent WR and WRA can be either offending or non-offending writes.
Reads from these writes thay provide incorrect data.

e One or more subsequent WR or a subsequent WRA (to a different bank group) may be issued {CCD_S later, but
incorrect data could be written. Subsequent WR and WRA can be either offending or non-offending writes.
Reads from these writes may provide incorrect data.

* After one or more precharge commands (PRE or PREA) are issued to the device after an offending WRITE com-
mand and all banks are in precharged state (idle state), a subsequent, non-offending WR or WRA to any open
bank will be able to write correct data.
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ZQ CALIBRATION Commands

A ZQ CALIBRATION command is used to calibrate DRAM RON and ODT values. The device needs a longer time to
calibrate the output driver and on-die termination circuits at initialization and a relatively smaller time to perform
periodic calibrations.

The ZQCL command is used to perform the initial calibration during the power-up initialization sequence. This
command may be issued at any time by the controller depending on the system environment. The ZQCL com-
mand triggers the calibration engine inside the DRAM and, after calibration is achieved, the calibrated values are
transferred from the calibration engine to DRAM 1/0, which is reflected as an updated output driver and ODT
values.

The first ZQCL command issued after reset is allowed a timing period of 'ZQinit to perform the full calibration and
the transfer of values. All other ZQCL commands except the first ZQCL command issued after reset are allowed a
timing period of ZQoper.

The ZQCS command is used to perform periodic calibrations to account for voltage an\temperature variations. A
shorter timing window is provided to perform the calibration and transfer of valuegg ned by timing parameter
ZQCS. One ZQCS command can effectively correct a minimum of 0.5 % (ZQ corr @ n) of RON and Ryt imped-
ance error within 64 nCK for all speed bins assuming the maximum sensitiviges\g®€ified in the Output Driver
and ODT Voltage and Temperature Sensitivity tables. The appropriate inter\)aﬁ@tween ZQCS commands can be
determined from these tables and other appli-cation-specific parametegs. method for calculating the interval
between ZQCS commands, given the temperature (T gyiftrate) @and vol riftrate) drift rates that the device is

subjected to in the application, is illustrated. The interval could b@ by the following formula:
7 , OQO
Qcorrectl\ C
R(Tsens X Tdriftrate) \lqsens X Vdriftrate)

Where Tgens = MAX(dRp1dT, dRgndTM) an@X(dRTTd\L dRondVM) define the temperature and voltage

sensitivities.

For example, if Tgepng = 1.5%/°C, Vgens = /mV, Tgriftrate = 1 °C/sec and Vgyifirate = 15 mV /sec, then the interval

between ZQCS commands is calc

v‘ 0-5 =0.133=128ms
(1.5x 1) +(0.15x 15)

No other activities should be performed on the DRAM channel by the controller for the duration of *ZQinit, ZQop-
er, or ZQCS. The quiet time on the DRAM channel allows accurate calibration of output driver and on-die termi-
nation values. After DRAM calibration is achieved, the device should disable the ZQ current consumption path to
reduce power.

All banks must be precharged and 'RP met before ZQCL or ZQCS commands are issued by the controller.

7ZQ CALIBRATION commands can also be issued in parallel to DLL lock time when coming out of self refresh. Upon
self refresh exit, the device will not perform an I/0 calibration without an explicit ZQ CALIBRATION command.
The earliest possible time for a ZQ CALIBRATION command (short or long) after self refresh exit is XXSE

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of ZQoper, Z-
Qinit, or ZQCS between the devices.
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FIGURE 228: ZQ CALIBRATION TIMING

Advanced Information

ST9D4512M32DBGO
ST9D4512M72SBGO
ST9D4512M40DBGO

Address

Note 2

oor A 777 A 777

DQBus )(

2 2 High-Z or Ryyparg

Activities 2

Note 3

tzQinit_tzQoper

VAN

Val

id

/;;;)( Valid

2 High-Z or Ryipary

éctivities

tzacs

<&

2 2 Time Break % Don't Care

STACKED Technologies Incorporated

2. On-die terminatj

t be disabled via the ODT signal or MRS during the calibration

N\
Notes: 1. CKE must be cont@registered HIGH during the calibration procedure.

procedure or
3. All devices fon

www.stackedtechnologies.com

will automatically disable Rt1.
ed to the DQ bus should be High-Z during the calibration procedure.
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On-Die Termination

On-die termination (ODT) is a feature that enables the device to change termination resistance for each DQ, DQS,
and DM_n signal when enabled via A11 = 1 in MR1) via the ODT control pin, WRITE command, or default parking
value with MR setting. ODT is applied to each DQU, DQL, DQSU, DQSL, DMU_n, and DML _n signal. The ODT
feature is designed to improve the signal integrity of the memory channel by allowing the DRAM controller to
independently change termination resistance for any or all DRAM devices. More details about ODT control modes
and ODT timing modes can be found further along in this document.

The ODT feature is turned off and not supported in self refresh mode.

FIGURE 229: FUNCTIONAL REPRESENTATION OF ODT

To other
circuitry

I I
I I
I I
I I
such as ! I
RCV, | Switch |
: ! DQ,DQ Tl
C N : ; °
I I
I I

N

The switch is enabled by the internal ODT control logic, whic he external ODT pin and other control in-
formation. The value of Ryt is determined by the settings o egister bits (see Mode Register). The ODT pin
will be ignored if the mode register MR1 is programmed tg gable Rrrvomy [MR1[9,6,2] = 0,0,0] and in self refresh

mode.

ODT Mode Register and ODT State Table

ODT mode is enabled if any of MR1[10: om)), MR2[11:9] (RtTwRr)), or MR5[8:6] (RTT(Park)) are non-zero.

The ODT mode of the DDR4 device has fo of. data termination disable, Rrrivom), RrTewr), and Rrrpark. The
When enabled, the value of Ry is det by the settings of these bits.

Ryt control of each Ryp conditiongs 1ble with a WR or RD command and ODT pin.

* Ryrwr): The DRAM (rank) Abeing written to provide termination regardless of ODT pin status (either
HIGH or LOW).

* Rrrovom): DRAM turns TTNvoM) if it sees ODT asserted HIGH (except when ODT is disabled by MR1).

* Rrrpark: Default parked Yalue set via MR5 to be enabled and Rrrnowy is not turned on.

e The Termination State Table that follows shows various interactions.

The RTT values have the following priority:
¢ Data termination disable
* Rrrwr)

* Rrrvomy
* Rrrpark
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ODT Mode Register and ODT State Table
TABLE 131: TERMINATION STATE TABLE
Case R1r(Park) Rrrivom)] Rrrwr) 2 ODT Pin ODTREADS3 | ODTStandby | ODT WRITES
A4 Disabled Disabled Disabled Don't Care Off (High-2) Off (High-2) Off (High-2)
Enabled Don't Care Off (High-2) Off (High-2) Rrowr)
B> Enabled Disabled Disabled Don't Care Off (High-2) Rr(park) R1(park)
Enabled Don't Care Off (High-2) Rr(park) Rrowr)
cé Disabled Enabled Disabled Low Off (High-2) Off (High-2) Off (High-2)
High Off (High-2) Rrrinom RrriNom)
Enabled Low Off (High-2) Off (High-2) Rrowr)
High Off (High-2) < Rmivom R1rwr)
D6 Enabled Enabled Disabled Low Off (High-2) @T(park) R TT(Parky
High Off (High- )3 Rrrinom) R1ivowm)
Enabled Low (I—M\\\" Rrr(park) RTrwR)
High Of%g‘m) Rrrivom) Rrrowr)
Notes: 1. If Rryyom) MR is disabled, power to the, eiver will be turned off to save power.

2. If RTT(WR) is enabled, RTT(WR) will be )
time independent of the ODT pin a

in the Dynamic ODT section.
3. When a READ command is e

described in the ODT D

ad section.

by a WRITE command for a defined period
setting of RTT(Park)/Rrrnowm)- This is described

7the DRAM termination state will be High-Z for a

defined period independe % the ODT pin and MR setting of Rrr(park)/ Rrr(vom)- This is

4. Case Ais generally best
5. Case Bis generallyo
6. Case CandCa

gle-rank memories.
for dual rank, single-slotted memories.
generally best for multi-slotted memories.

Upon receiving a READ comma
1'CK preamble mode and 3 =2
cycles, where 2 = 1t1CK prea

TABLE 132: READ TERMINATION DiSABLE WINDOW

driving data disables ODT after RL - (2 or 3) clock cycles, where 2 =
t amble mode. ODT stays off for a duration of BL/2 + (2 or 3) + (0 or 1) clock
de 3 = 2!CK preamble mode, 0 = CRC disabled, and 1 = CRC enabled.

Start ODT Disable After
Preamble CRC Read Duration of ODT Disable
1tCK Disabled RL-2 BL/2+2
Enabled RL-2 BL/2+3
2tCK Disabled RL-3 BL/2+3
Enabled RL-3 BL/2 +4
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Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down defini-
tion, these modes include the following:

* Any bank active with CKE HIGH

¢ Refresh with CKE HIGH

Idle mode with CKE HIGH

e Active power-down mode (regardless of MR1 bit A10)
* Precharge power-down mode

In synchronous ODT mode, Rrpnowm) will be turned on DODTLon clock cycles after ODT is sampled HIGH by a
rising clock edge and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The
ODT latency is determined by the programmed values for: CAS WRITE latency (CWL), additive latency (AL), and
parity latency (PL), as well as the programmed state of the preamble.

ODT Latency and Posted ODT

The ODT latencies for synchronous ODT mode are summarized in the table/oWow. For details, refer to the latency

definitions. v

TABLE 133: ODT LATENCY AT DDR4-1600/-1866/-2133/-2450 -2566/-3200

Note 1 applies to the entire table .

Symbol Parameter R t eamble 2'CK Preamble Unit
DODTLon Direct ODT turn-on latency R +AL+PL-2 CWL+AL+PL-3 tCK
DODTLoff Direct ODT turn-off latency NNCWL +AL +PL -2 CWL +AL+PL-3
RODTLoff READ command to internal ODT turn- Q CL+AL+PL-2 CL+AL+PL-3

latency Q‘
RODTLon4 READ command to Rrypark tur@ RODTLoff + 4 RODTLOff + 5
tency in BC4-fixed
RODTLon8 READ command to Ryt rn-on la- RODTLoff + 6 RODTLoff + 7
tency in BL8AR F
ODTH4 oDT Assertig! BC4 mode 4 5
ODTH8 ODT Asgertiqn ime, BL8 mode 6 7
\/

Timing Parameters

In synchronous ODT mode, the following parameters apply:

e DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLon8, and '‘ADC (MIN)/(MAX).

e tADC (MIN) and 'ADC (MAX) are minimum and maximum RTT change timing skew between different termi-
nation values. These timing parameters apply to both the synchronous ODT mode and the data termination
disable mode.

When ODT is asserted, it must remain HIGH until minimum ODTH4 (BC = 4) or ODTHS8 (BL = 8) is satisfied. If
write CRC mode or 2!CK preamble mode is enabled, ODTH should be adjusted to account for it. ODTHXx is meas-
ured from ODT first registered HIGH to ODT first registered LOW or from the registration of a WRITE command.
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FIGURE 230: SYNCHRONOUS ODT TIiMING WITH BL8
TO ‘ T10 ‘ T ‘ T12 ‘ T13 ‘ T4 ‘ T15 ‘ T16 ‘ 7 ‘ T18
Command | | A I e e
or | T | HEE .
N B L e L]
| ‘ ‘ O I I R IR I T P
| | | | | | tADC(MIN) —= [ | | | | | | L —={ | tADC MIN)
DRAM_Ryp . . . . . ‘ b ‘ ‘ ‘ ‘ ‘ g ‘ ‘ ‘ ‘ le,,a,‘k, l

Transitioning

o

B

- -{ =™
3

4
C)
/

. Example for CWL=9, AL=0, PL=0; DODT EAL+ PL+CWL-2=7; DODTLoff = AL +
PL+CWL-2=7.

ODT must be held HIGH for at least after assertion (T1).

FIGURE 231: SYNCHRONOUS ODT wiTH BC4

TO T1 T2 T3 T4 T5 T18 T19 T20 T21 T22 T23 T36 T37 T38 T39 T40 T41 T42
I I I I I I I I I I I I I I I I I
N - o MR Vo 1T o T - 5,7 A N 177 Voo 1N i\ o 17T Voo 1T T 1o
| | | | | y /- | | | Y | | | | | |
Command ; ‘ o ‘ 4 — | ; ; L ; ; ; ; ‘ ;
1 1 ODTH4 1 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I I I I I I I
1 [ N 1 1 1 1 1 1 1 1 1 1 1 1 1
oot 1 o ‘ Y I ‘ ‘ 1 oy b 1 1 1 1 1
‘ : T ( - 1 ( ‘ ‘ ‘ ‘ ‘
i i i i | I I i i | i i i i i i
I I I I I ' ' ' I I I I I I I I I
| | | | | DODTLoff = WL - 2 | | | | | | | | | |
I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | |
I I I I I I I | ODTLanzWL_ 2 I I I I I I I
1 1 1 1 1 1 ‘ ‘ ‘ — 1 1 1 1 1 1
} . DODTRgN = CWL -2 . } . | . | . | | ODTLcwné4 = ODTLcnw + 4 . . } }
| | | | | | | | | | | | | | | | | |
} } } } *ADC (Mll\X) B I o B tADC (M/I\X) T ™ =T tADC (Mi\X) ‘ =™ [ 'ADC (MIAX)
I I I I ! ' I I ! ' | I I ' ' I I !
1 1 1 1 TADC (MIN)  —™1 [=T] 1 TADC (MIN) —™| [=r] 1 ™11 [T 'ADC (MIN) 1 ™1 [7] 'ADC (MIN)
1 1 1 1 1 | \ \\ 1 1 1 | 1 1 \ \\ 1 1 | 1 1 1 | 1
Rt(parig (( Rrrinom) ] Rrdebo AL )
" " )Y " " " — " " " " "
DRAM Ry [ [ [ [ (0 [ [ [ [ (o [ [ [ [ [ [
Transitioning

Notes: 1. Example for CWL=9, AL=10, PL=0; DODTLon/off = AL + PL+ CWL-2 =17; ODTcnw =
AL+ PL+CWL-2=17.
2. ODT must be held HIGH for at least ODTH4 after assertion (T1).
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ODT During Reads

Because the DRAM cannot terminate with Ryt and drive with Rgy at the same time, Rt may nominally not be
enabled until the end of the postamble as shown in the example below. At cycle T25 the device turns on the ter-
mination when it stops driving, which is determined by 'HZ. If the DRAM stops driving early (that is, 'HZ is early),
then 'ADC (MIN) timing may apply. If the DRAM stops driving late (that is, 'HZ is late), then the DRAM complies
with tADC (MAX) timing.

Using CL = 11 as an example for the figure below: PL=0, AL=CL -1 =10, RL=PL + AL + CL=21, CWL=9; RODT-
Loff=RL-2=19, DODTLon = PL + AL + CWL - 2 = 17, 1tCK preamble.

FIGURE 232: ODT DURING READS

diff_CK A

Command

)
|
1 y
|

; ; ; ‘ b \ ; ; o |
! ! ! ! | RL=AL+CL+PL| ! 1 !

Address

2'CK Preambale | i | i | | i | | | i | i | | | i | 7 | ; | i | | | m | T |
I I I I I I I I I I I I I I
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | | ‘ ‘
DQ | ; | ; | ; | ; | ( ( | ; | ; | ( ( | ; | ; | ; | I YoroXoar¥oraXaasyanafonsKanekary | | ! |
I I I I
Transitioning

| | | | |
I I I I I
I ' ' ' ' I I I I
oDT | | | | ‘ ‘ ‘ ‘ ‘ ‘
I I I I I I
I I I I I I I I I I I
| | | | | | | l DODTLon = WL -2 | | |
: : : : : : I | I I I I I I : I
| | | | | | | TADC (MAX) — =t | | | 1= i tADC (MAX)
I I I I I I I I I I I I I I I I I
| | | | | | | FADCMIN) == r" | | | | 17 [ tADC(MIND
‘ ‘ ‘ ‘ : -~ ‘ R ‘ | | | | | JdoLo
DQs_oDT Rrrpark) { ( ‘ ) ] M 8 2 | Rrrivom
1CL Preambale ‘ ‘ ‘ ‘ TN A — ‘ ‘ | | | | | ‘ ‘
1 1 1 1 1 §§ 1| apc Max) =] e | | | | == 1|~ tADC (MAX)
I I I I I I I I I I I I I I I I I
| | | L > | ‘ADC (MIN) == r“' | | | | | LT [T fADC(MIND
| | | I ‘ ? I | 8\2 | I | I I I I I I I | |
DQS_ODT R . ‘ ‘ ‘ ‘ : : I R
Park) Ny M ‘ ‘ ‘ ‘ ‘ ‘ 1 Rrrovom
2'CL Preambale | [ | [ | [ n | | [ | [ | | | [ | [ | | | | | | | | | | [ |
I I I I I I I I I I I I I I I I I I
DQsdiff ; ; N | ; ; U ; ; ; | AW AWAWAY ; |
I I I I I I I 1 I I I I I I I I I I
| | | | | | | | | | ‘ > tADC (MAX)+1nCK | | == 1|~ taDC (N:AX)
| | | | | | | | ‘ADC('Vl”N)‘ - "T ‘ | | | | e ‘AlDC(M'N)
| | | | I | | I | | | | I I I I | |
DQ_ODT Ry KRR ‘ ‘ ‘ —T g
(Park) AR ‘ ‘ ‘ ‘ TT(NOM)
1'CK Preambale | [ | [ | [ | [ | 2\2 | [ | [ | 2\2 | [ | [ | [ | [ | | | | [ | [ |
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I
DQ ; ; ‘ ; (( ; ; (( ‘ ; | ; | 1 YoroXearfoaz¥oasfonafansKaaskaary | ; |
| | | | | | | | | f f > tADC (MAX)+2nCK | | == 1|~ taDC (N:AX)
I I I I I I I I I I I I I I I I I I
| | | | | | | *ADC (MIN) = I‘T ‘ | ‘ | | | | LT [T fARC(MIND
| | | | I | | I | | | | I I I I | |
DQ ODT C— )] )] [ ‘ ; C——
| |
I
I
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Dynamic ODT

In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the termina-
tion strength of the device can be changed without issuing an MRS command. This requirement is supported by
the dynamic ODT feature.

Advanced Information
S>l AKED. STODiSIaNEI08GD

Functional Description
Dynamic ODT mode is enabled if bit A9 or A10 of MR2 is set to 1.

e Three RTT values are available: RTT(NOM) , RTT(WR)» and RTT(Park)-
— The value for Ryrnowmy is preselected via bits MR1[10:8].
— The value for Ryr(wr is preselected via bits MR2[11:9].
— The value for Ryr(park) is preselected via bits MR5(8:6].
e During operation without WRITE commands, the termination is controlled as fol-lows:

— Nominal termination strength Rrrnow) or Rrr(park) is selected.
- Rrravomy on/off timing is controlled via ODT pin and latencies DODTLon and@r Loff, and Rrr(park) is on

when ODT is LOW. Q
e When aWRITE command (WR, WRA, WRS4, WRS8, WRAS4, and WRASS) is i d, and if dynamic ODT is
enabled, the termination is controlled as follows:
— Latency ODTLcnw after the WRITE command, termination strength whr) is selected.

— Latency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or O 4 (for BC4, fixed by MRS or selected
OTF) after the WRITE command, termination strength Ry o -Selected.

gand ODTLcwn4,

One or two clocks will be added into or subtracted from ODTLgu
depending on write CRC mode and/or 2'CK preamble enabl

ODT mode. The dynamic ODT feature is not support
DLL-off mode. An MRS command must be used to se

Q
&

The following table shows latencies and timing paramet evant to the on-die termination control in dynamic
ENE(WR

) to disable dynamic ODT externally (MR2[11:9] =
000).

TABLE 134: DYNAMIC ODT LAT:'n=tis AND TIMING (1TCK PREAMBLE MoODE AND CRC DISABLED)

< Definition for All
Name and Description (.\ Abbr. Defined from Defined to DDR4 Speed Bins Unit
ODT latency for change from M ODTLcnw Registering external Change Ryt strength ODTLcnw =WL -2 tCK
Rrr(Park) /RTr(Nom) tO Rrrwr) ?\ WRITE command from Rypark) /RTT(NOM)
to Ryrwr)

ODT latency for change from ODTLcwn Registering external Change R17 strength ODTLcwn4 =4 + t'CK
Rrrwr) 10 Rrr(park) /Rrivom) (BC = 4 WRITE command from Ryrwr) to ODTLcnw
4) Rrr(park) /R1TiNom)
ODT latency for change from ODTLcwn Registering external Change R+t strength ODTLcwn8 =6 + tCK
Rrrowr) 10 Rrr(park) /Rrrivom) (BL = 8 WRITE command from Rrrvowm) to ODTLcnw (AVG)
8) Rrrwm)
Rt change skew tADC ODTLcnw Ry valid tADC (MIN) = 0.3 tCK

ODTLcwn tADC (MAX) =0.7 (AVG)
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Dynamic ODT

TABLE 135: DYNAMIC ODT LATENCIES AND TIMING WITH PREAMBLE MODE AND CRC MobDE MATRIX

1'CK Parameter 2'CK Parameter
Symbol CRC Off CRCOn CRC Off CRCOn Unit
ODTLcnw! WL -2 WL -2 WL-3 WL-3 tCK
ODTLcwn4 ODTLcnw + 4 ODTLcnw + 7 ODTLenw + 5 ODTLcnw + 8
ODTLcwn8 ODTLcnw + 6 ODTLcnw + 7 ODTLcnw + 7 ODTLcnw + 8

Note: 1. ODTLcnw = WL -2 (1'CK preamble) or WL - 3 (2tCK preamble).

FIGURE 233: DyNAmic ODT (1T CK PREAMBLE; CL =14, CWL = 11, BL = 8, AL = 0, CRC DISABLED)

T0 m 2 T5 T6 7 8 i To ™ T24
| | | | | | | |
. T Eaal v T el v K v ’- | N
aie.ck 1 XX XX L XXX OO XA

Command | |

oDT

\
|
|
| DODTLon = WL -2
‘
‘
‘
|
|

|
|
‘ |
|
|
|
l l ] | ] ‘ g ‘ ‘ ] ] ]
| | | | | I | | | |
tADC (M/|\><) — LJ+ . tADC (M/l\X) } . L}J* tADC (MlAX) . . = J tADC (MlAX)
: | | | : | ) | | | | | | | |

.| \
| m

"I l; | i
DC (MIN; tADC (MIN)
2 ‘ | |
|
|
|
|
|
|

|

l ‘

. tADC (MIN)

|

| |
|

| |

|
|
|
|
|
|

¢ Transitioning

O

Notes: 1. ODTLc L -2 (1*CK preamble) or WL - 3 (2tCK preamble).
2. IfB ODTLcwn = WL + 4 if CRC disabled or WL + 5 if CRC enabled; If BL8, then

| I
| ODTLcwn

ODNL{vN = WL + 6 if CRC disabled or WL + 7 if CRC enabled.

FIGURE 234: DYNAMIC O I \IVERLAPPED WITH Ryrnom) (CL =14, CWL =11, BL=8, AL =0, CRC

DiSABLEL)
T0 il ) s 17 To Ti0 ™ T2 Ti5 T6 7 Ti8 T9 T20 T21 T22 123 T24 T25
| | | | | | | | | | | | | | | | | | | | | |
. T N )" T - "N " T v - G Vel v A Vel v T Pl U 1T Vil v TN Vil v
| | | | | | | | | | | | | | | | | | | | | |
| , . ) j )) j j j YY) j j j j j j j j j
WR
Command (( ( 0
S O T T T e T T O I O
oot ; ; ; ; ; ; | | | | | | | | | | | |
| | | “ | | U | | ‘ 22 f f f f f f f f f ‘ ‘
| | | | | | | | | i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | |
| | | | ODTLcnw | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
I I | | | | [ I I I I I I I I I I I I I I
A I O I N I O
| | V V : : V V V V | | | | | | | | | |
| | | | | |moCAx) =l [TADCIMAY) = | | 7T A MAX) | | |
| | | | | | ! | | | | | | | | | | | | | | |
R 2 2 Rrr_nom 2 2 Rrr_wa 2 2 Rrr_nom Rr7_park
i i i | i i | i i i | i i i i i i i i i i i
| | | | | | | | <4 | | | o | | | | e | | | |
. . . . . . . tADC (MIN) . . tADC (MIN) . . . tADC (MIN) . . . .
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | DODTLoff=CWL-2 ! | | | | | | |
| | | | | | | | | | . . . | | | | | |
A T O e O T (Y S IR I

Note: 1. Behavior with WR command issued while ODT is registered HIGH.
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Asynchronous ODT Mode

Asynchronous ODT mode is selected when the DRAM runs in DLL-off mode. In asynchronous ODT timing mode,
the internal ODT command is not delayed by either additive latency (AL) or the parity latency (PL) relative to the
external ODT signal (Rtpowmy). In asynchronous ODT mode, two timing parameters apply: tAONAS (MIN/MAX),
and tAOFAS (MIN/MAX).

Rrr(vomy Turn-on Time

e Minimum Rypnowm turn-on time (tAONAS [MIN]) is when the device termination circuit leaves Ryp(park) and
ODT resistance begins to turn on.

e Maximum Rrrnowm turn-on time (tAONAS [MAX]) is when the ODT resistance has reached Rrrnowm-

e 'AONAS (MIN) and '"AONAS (MAX) are measured from ODT being sampled HIGH.

RTT(NOM) Turn-off Time

e Minimum RTT(NOM) turn-off time (fAOFAS [MIN]) is when the device’s terminatiomgircuit starts to leave
Rrrovom- é

* Maximum Ryrowy turn-off time (tAOFAS [MAX]) is when the on-die terminaas reached Rrr(park)-

e 'AQFAS (MIN) and ‘AOFAS (MAX) are measured from ODT being sampled

@?‘

FIGURE 235: ASYNCHRONOUS ODT TIMINGS WITH DLL OF:~

T0 T T2 T3 T4 T5 T6 Ti +1 Ti+2 Ti+3 Ti+4 Ti+5 Ti+6 Ta Tb

l
- 17T v
- Ny —
|
|

diff_CK

CKE

oDT

- L" ‘lAON:AS (NllIN)

BN
T
-g_'. N
4)Z> _ .
=

=

[ | ‘
' tAONAS (MAX) '

Transitioning
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Options Tables

TABLE 136: SPEED OPTIONS

Data Rate
Function Acronym 1600 1866 2133 2400 2666 3200
Write leveling WL Yes Yes Yes Yes TBD TBD
Temperature controlled refresh TCR Yes Yes Yes Yes TBDs TBD
Low-power auto self refresh LPASR Yes Yes Yes Yes TBD TBD
Fine granularity refresh FGR Yes Yes Yes Yes TBD TBD
Multipurpose register MR Yes Yes Yes Yes TBD TBD
Data mask DM Yes Yes Yes Yes TBD TBD
Data bus inversion DBl Yes Yes Yes Yes TBD TBD
DQS - Yes Yes Yes N TBD TBD
ZQ calibration ZQCAL Yes Yes Yes O%s TBD TBD
VReepq calibration - Yes Yes Ye \ Yes TBD TBD
Per-DRAM addressability Per DRAM Yes Yes ‘LE& T Yes TBD TBD
Mode regsiter readout - Yes Yes “ s Yes TBD TBD
Command/Address latency CAL Yes Yes,\QS‘Y'es Yes TBD TBD
Write CRC CRC Yes Ye ¥  Yes Yes TBD TBD
CA parity - Yes (ve) ™ Yes Yes TBD TBD
Gear-down mode - No ¢ (Wo No No TBD TBD
Programmable preamble - Naﬁ‘ No No Yes TBD TBD
Maximum power-down mode - €5 N Yes Yes Yes TBD TBD
Connectivity test mode cT s Yes Yes Yes TBD TBD
Additive latency AL /,\v%s Yes Yes Yes TBD TBD
Target row refresh mode T&M Yes Yes Yes Yes TBD TBD
Post package repair mode - @ Yes Yes Yes Yes TBD TBD
Soft post package repair mode A WR Yes Yes Yes Yes TBD TBD

TABLE 137: WIDTH OFT'Q,\'s

Function Acronym

Write leveling WL Yes
Temperature controlled refresh TCR Yes
Low-power auto self refresh LPASR Yes
Fine granularity refresh FGR Yes
Multipurpose register MR Yes
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TABLE 137: WIDTH OPTIONS (CONTINUED)

Advanced Information

ST9D4512M32DBGO
ST9D4512M72SBGO
ST9D4512M40DBGO

STACKED Technologies Incorporated
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Function Acronym

Data mask DM No
Data bus inversion DBI No
TDQS - No
ZQ calibration ZQ CAL Yes
VRrerpq calibration - Yes
Per-DRAM addressability Per DRAM

Mode regsiter readout - N V%s
Command/Address latency CAL N Yes
Write CRC CRC RNz
CA parity - S\' Yes
Gear-down mode - OQ~ Yes

High Performance, Highly Integrated Memory Module
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Options Tables

TABLE 138: DIE REVISION OPTIONS

STACKED Technologies Incorporated

Function Acronym Rev.A
Write leveling WL Yes
Temperature controlled refresh TCR Yes
Low-power auto self refresh LPASR Yes
Fine granularity refresh FGR PR i Yes
Multipurpose register MR‘ ( Yes
Data mask M/l\v Yes
Data bus inversion B Yes
TDQS \‘?R— Yes
ZQ calibration vZQ CAL Yes
Vgerpq calibration P\ - Yes
Per-DRAM addressability / U Per DRAM Yes
Mode regsiter readout \Y - Yes
Command/Address latency \v . CAL Yes
Write CRC ~ CRC Yes
CA parity /N - Yes
Gear-down mode Vol - N/A
Programmable preamble \U - Pending
Maximum power-down,moye - Yes
Connectivity test mo‘e - cT Yes
Additive latenc N v AL Yes
Target row e@vode TRR N/A
Post packa%;ir mode PPR Pending
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REVISION HISTORY

Revision By Issue Date |Description Of Change
A BV 5.27.2016 INITIATE
B BV 9.31.2016 | Refine pin-out for x32D, x72S, and x40D
c BV 10.11.2016 | Add Figures 2 and 3 - Block Diagrams; Correct Figure 5
D DO 3.27.2017 | Corrections Pages 19-25 - Ball Descriptions and Ball Locations
E DO 6.14.2017 | Added G suffix to part numbering Figure 1
F DO 6.23.2017 | Simplify Block diagrans at customer request R

STACKED Technologies Inc&ted reserves the right to make corrections, modifications, enhancements, improvements, and other
changes to its products and services at any time and to discontinue any product or service without notice. Customers should obtain the
latest relevant information before placing orders and should verify that such information is current and complete. STACKED Technolo-
gies does not assume any liability arising out of the application or use of any product or circuit described herein. In no event shall any
liability exceed the product purchase price. STACKED Technologies believes the information contained herein is accurate, however it
is not liable for inadvertent errors. Information subject to change without notice. STACKED Technologies assumes no liability for use

of its products in mission critical or life support applications. Products of STACKED Tehcnologies are not warranted nor intended to

be used for medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement
with STACKED Technologies. Furthermore, STACKED Technologies does not authorize its products for use as critical components in
life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user.

This data sheet contains initial descriptions of products still under development.

Product Sales Inguiries and Support: 800 941-7880
STACKED logo is a trademark of STACKED Technologeis Incorporated
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