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1. GENERAL DESCRIPTION

The W631GUG6NB is a 1G bits DDR3L SDRAM, organized as 8,388,608 words 3 8 banks 3 16 bits. This
device achieves high speed transfer rates up to 2133 MT/s (DDR3L-2133) for various applications. This
device is sorted into the following speed grades: -09, -11, -12, -15, 09I, 111, 12I, 15l, 09J, 11J, 12J and
15J.

The -09 ,091 and 09J speed grades are compliant to the DDR3-2133L (14-14-14) specification (The 09I
industrial grade which is guaranteed to support -40°C O CAsSe O95°C, the 09J industrial plus grade
which is guaranteed to support -40°C O CASeE O105°C).

The -11,11] and 11J speed grades are compliant to the DDR3L-1866 (13-13-13) specification (The 111
industrial grade which is guaranteed to support -40°C O CAse O95°C, the 11J industrial plus grade
which is guaranteed to support -40°C O CcASeE O105°C).

The -12, 121 and 12J speed grades are compliant to the DDR3L-1600 (11-11-11) specification (The 12I
industrial grade which is guaranteed to support -40°C O CAst O 95°C, the 12J industrial plus grade
which is guaranteed to support -40°C O CcAse O105°C).

The -15, 151 and 15J speed grades are compliant to the DDR3L-1333 (9-9-9) specification (The 15I
industrial grade which is guaranteed to support -40°C O CAse O95°C, the 15J industrial plus grade
which is guaranteed to support -40°C O CcAse O105°C).

The W631GU6ENB is designed to comply with the following key DDR3L SDRAM features such as
posted CAS#, programmable CAS# Write Latency (CWL), ZQ calibration, on die termination and
asynchronous reset. All of the control and address inputs are synchronized with a pair of externally
supplied differential clocks. Inputs are latched at the cross point of differential clocks (CK rising and
CK# falling). All 1/0Os are synchronized with a differential DQS-DQS# pair in a source synchronous
fashion.

2. FEATURES

. Power Supply: 1.35V (typ.), VDD, VDDQ = 1.283V to 1.45V

., Backward compatible to VDD, VDDQ = 1.5V + 0.075V

. Double Data Rate architecture: two data transfers per clock cycle
. Eight internal banks for concurrent operation

. 8 bit prefetch architecture

. CAS Latency: 5, 6,7, 8,9, 10, 11, 13 and 14

. Burst length 8 (BL8) and burst chop 4 (BC4) modes: fixed via mode register (MRS) or selectable On-
The-Fly (OTF)

. Programmable read burst ordering: interleaved or nibble sequential

. Bi-directional, differential data strobes (DQS and DQS#) are transmitted / received with data
. Edge-aligned with read data and center-aligned with write data

. DLL aligns DQ and DQS transitions with clock

. Differential clock inputs (CK and CK#)

., Commands entered on each positive CK edge, data and data mask are referenced to both edges of
a differential data strobe pair (double data rate)

., Posted CAS with programmable additive latency (AL =0, CL - 1 and CL - 2) for improved command,
address and data bus efficiency

. Read Latency = Additive Latency plus CAS Latency (RL = AL + CL)
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. Auto-precharge operation for read and write bursts
. Refresh, Self-Refresh, Auto Self-refresh (ASR) and Partial array self refresh (PASR)

. Precharged Power Down and Active Power Down

. Data masks (DM) for write data

. Programmable CAS Write Latency (CWL) per operating frequency

. Write Latency WL = AL + CWL

. Multi purpose register (MPR) for readout a predefined system timing calibration bit sequence

W631GUGNB
I/ 4

. System level timing calibration support via write leveling and MPR read pattern

. ZQ Calibration for output driver and ODT using external reference resistor to ground

., Asynchronous RESET# pin for Power-up initialization sequence and reset function

. Programmable on-die termination (ODT) for data, data mask and differential strobe pairs

. Dynamic ODT mode for improved signal integrity and preselectable termination impedances during

writes

. 2K Byte page size

. Packaged in VFBGA 96 Ball (7.5 x13 mm?2 with thickness of 1.0 mm) - (Window BGA Type), using

lead free materials with RoHS compliant

3. ORDER INFORMATION

Part Number

Speed Grade

Operating Temperature

W631GUGNB-09

DDR3L-2133 (14-14-14)

0°C OTcASE 095°C

W631GUG6NBO9I DDR3L-2133 (14-14-14) -40°C OTCcASE 095°C
W631GUGNB09J DDR3L-2133 (14-14-14) -40°C OTcAsE 0105°C
W631GUG6NB-11 DDR3L-1866 (13-13-13) 0°C OTcAsE 095°C

W631GUG6NB11I DDR3L-1866 (13-13-13) -40°C OTcASE 095°C
W631GUGNB11J DDR3L-1866 (13-13-13) -40°C OTcAsE 0105°C
W631GUG6NB-12 DDR3L-1600 (11-11-11) 0°C OTcAsE 095°C

W631GUGNB12I DDR3L-1600 (11-11-11) -40°C OTcASE 095°C
W631GUGNB12J DDR3L-1600 (11-11-11) -40°C OTcAsE 0105°C
W631GUGNB-15 DDR3L-1333 (9-9-9) 0°C OTcAsE 095°C

W631GUG6NB15I DDR3L-1333 (9-9-9) -40°C OTcASE 095°C
W631GUGNB15J DDR3L-1333 (9-9-9) -40°C OTcAsE 0105°C

Publication ReleasBate: Dec. 11, 2020
Revision:A01



4. KEY PARAMETERS

W631GUGNB

winbond resm

Maximum operating frequency using
maximum allowed settings for Sup_CL | fCKMAX - 1066 - 933 - 800 - 667 MHz
and Sup_CWL
Internal read command to first data tAA 13.09 20 13.91 20 13.75 20 135 20 nS
(13.125)* (13.125)" (13.125)"
. . . 13.91 13.75 135
ACT to internal read or write delay time | trRCD 13.09 - (13,125 - (13,125 - (13,125 - nsS
) 13.91 13.75 13.5
13. - - _ -
PRE command period trP 3.09 (13,126 (13125 (131255 ns
) 47.91 48.7 49.5
ACT to ACT or REF command period trRC 46.09 - 9 - 8.75 - - nS
(47.125) (48.125) (49.125)*°
ACT to PRE command period tRAS 33 9 * tREFI 34 9 * tREFI 35 9 * tREFI 36 9*tREFI| nS
CL=5 CWL =5 |tCK(AVG) 3.0 3.3 3.0 3.3 3.0 3.3 3.0 3.3 nS
CL=6 CWL=5 |tcKAVG)| 25 3.3 2.5 33 2.5 33 2.5 3.3 ns
CL=7 CWL=6 |tCK(AVG)| 1.875 | <25 | 1875 | <25 1875 | <25 1875 | <25 nS
CL=8 CWL=6 |tCK(AVG)| 1.875 | <25 | 1.875 | <25 1875 | <25 1875 | <25 nS
CL=9 CWL=7 |tck(AvG)| 15 |<1875| 15 |<1875| 15 |<1875| 15 |<1.875| nS
CL=10 CWL=7 |tck@ave)| 15 |<1875| 15 |<1875| 15 |[<1.875| 15 |<1875| nS
CL=11 CWL=8 |tcKAvGe)| 1.25 <15 1.25 <15 1.25 <15 Reserved nS
CL=13 CWL=9 |tck@Ave)| 1.07 <125 1.07 <1.25 Reserved Reserved nS
CL=14 CWL =10 |tcK(AvG)| 0.938 | <1.07 Reserved Reserved Reserved nS
. 5,6,7,8,9,10, |5,6,(7),8,(9),10,|5,86,(7),8,(9), 10,
Supported CL Settings Sup_CL 11,13, 14 (11), 13 11 5,6,(7),8,9,10 | nCK
Supported CWL Settings Sup_CWL| 5,6,7,8,9,10 5,6,7,8,9 5,6,7,8 56,7 nCK
-40°C OTCASE 085°C - 7.8°23 - 7.8%23 - 7.823 - 7.823 | ¢S
Average N ‘
iodi 0°C OTCASE 085°C - 7.8%1 - 7.8%1 - 7.8% - 7.8%1 €S
periodic
refresh o N OE0 tREFI W i 4 x4
Interval 85°C < TCASE 095°C - 3.9 - 3.9 - 3.9 - 3.9 €S
95°C < TCASE 0105°C - 3.9%4 - 3.9% - 3.9% - 3.9+ €S
Operating One Bank Active-Precharge
Current IbDO - 90 - 85 - 75 . 70 | ma
Operating One Bank Active-Read-
Precharge Current IpD1 - 130 - 115 - 105 - 95 mA
Operating Burst Read Current IDD4R - 210 - 190 - 180 - 160 mA
Operating Burst Write Current IDD4W - 200 - 180 - 160 - 140 mA
Burst Refresh Current IDD5B - 95 - 90 - 85 - 80 mA
Normal Temperature Self-Refresh
Current IDD6 - 10 - 10 - 10 - 10 mA
Operating Bank Interleave Current IbD7 - 270 - 240 - 220 - 200 mA
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Notes: (Field value contents in blue font or parentheses are optional AC parameter and CL setting)

1.
2.
3.

All speed grades support 0°C OTCASE 085°C with full JEDEC AC and DC specifications.
The -09, -11, -12 and -15 speed grades, -40°C OTCASE < 0°C is not available.

The 091, 09J, 111, 11J, 121, 12J, 15| and 15J speed grades support -40°C OTCASE 085°C with full JEDEC AC and DC
specifications.

. The -09, 09I, -11, 111, -12, 12I, -15 and 15l speed grades, TCASE is able to extend to 95°C. The 09J, 11J, 12J and 15J speed

grades, TCASE is able to extend to 105°C. They are with doubling Auto Refresh commands in frequency to a 32 mS period ( tREFI
=3.9 uS), it is mandatory to either use the Manual Self-Refresh mode with Extended Temperature Range capability (MR2 A6 = 0,
and MR2 A7 = 1) or enable the Auto Self-Refresh mode (ASR) (MR2 A6 = 1,, MR2 A7 is don't care).

. For devices supporting optional down binning to CL=7 and CL=9, taa/trcp/trRp min must be 13.125 nS or lower. SPD settings must be

programmed to match. For example, DDR3L-1333 (9-9-9) devices supporting down binning to DDR3L-1066 (7-7-7) should program
13.125 nS in SPD bytes for taamin (Byte 16), tReomin (Byte 18), and trpmin (Byte 20). DDR3L-1600 (11-11-11) devices supporting
down binning to DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin (Byte16), trcomin
(Byte 18), and trpmin (Byte 20). Once trpr (Byte 20) is programmed to 13.125 nS, trcmin (Byte 21, 23) also should be programmed
accordingly. For example, 49.125nS (trRAsmin + trRpmin = 36 NS + 13.125 nS) for DDR3L-1333 (9-9-9) and 48.125 nS (trRasmin +
trpmin = 35 nS + 13.125 nS) for DDR3L-1600 (11-11-11).

. For devices supporting optional down binning to CL=11, CL=9 and CL=7, taa/trcp/trRp min must be 13.125 nS. SPD settings must be

programmed to match. For example, DDR3L-1866 (13-13-13) devices supporting down binning to DDR3L-1600 (11-11-11) or
DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin (Byte 16), trecomin (Byte 18), and
trPmin (Byte 20). Once trp (Byte 20) is programmed to 13.125 nS, tremin (Byte 21, 23) also should be programmed accordingly. For
example, 47.125nS (trRasmin + tRpmin = 34 nS + 13.125 nS).
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5. BALL CONFIGURATION

1 2 3 4 5 6 7 8 9
VDDQ | DQU5 | DQU7 A DQU4 | vDDQ | Vss
vssQ | vop Vss B DQSU# | DQU6 | VSSQ
VvDDQ | DQU3 | DQu1 c DQSU | DQU2 | VDDQ
vssQ | vbpQ | DMmu D DQUO | vssQ | vDD

vss | vssQ | pqLo E DML | vssQ | vbbo
VDDQ | DQL2 | DQsL F DQLL | DQL3 | VSSQ
vsSsQ | DQLé | DosL# G VDD vss | vssqQ

VREFDQ| VDDQ | DQL4 H DQL7 | DQL5 | vDDQ

NC vss | Ras# J CK Vss NC
opT | vbp | cas# K CK# VDD CKE
NC cs# WE# L AL0/AP | ZQ NC
VsS BAO BA2 M NC |VREFCA| vss
VDD A3 A0 N A12/BC#| BAL VDD
VSS A5 A2 P Al A4 Vss
VDD A7 A9 R All A6 VDD
vss |RESET#| NC - NC A8 Vss

Publication ReleasBate: Dec. 11, 2020
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6. BALL DESCRIPTION

Ball Number

Symbol

Type

Description

J7, K7

CK, CK#

Input

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

K9

CKE

Input

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

L2

CS#

Input

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

K1

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination
resistance internal to the DDR3L SDRAM. When enabled, ODT is
applied to each DQ, DQSU, DQSU#, DQSL, DQSL#, DMU, and DML
signal. The ODT signal will be ignored if Mode Registers MR1 and MR2
are programmed to disable ODT and during Self Refresh.

J3,K3, L3

RAS#, CASH#,
WE#

Input

Command Inputs: RAS#, CAS# and WE# (along with CS#) define the
command being entered.

D3, E7

DMU, DML

Input

Input Data Mask: DMU and DML are the input mask signals control the
lower or upper bytes for write data. Input data is masked when
DMU/DML is sampled HIGH coincident with that input data during a
Write access. DM is sampled on both edges of DQS.

M2, N8, M3

BAO-BA2

Input

Bank Address Inputs: BAOT BA2 define to which bank an Active, Read,
Write, or Precharge command is being applied. Bank address also
determines which mode register is to be accessed during a MRS cycle.

N3, P7, P3, N2, P8,
P2, R8, R2, T8, R3,
L7, R7, N7

AO0-A12

Input

Address Inputs: Provide the row address for Active commands and the
column address for Read/Write commands to select one location out of
the memory array in the respective bank. (A10/AP and A12/BC# have
additional functions; see below). The address inputs also provide the
op-code during Mode Register Set command.

Row address: A0-A12.
Column address: A0-A9.

L7

A10/AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to
determine whether Auto-precharge should be performed to the
accessed bank after the Read/Write operation.

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

N7

A12/BCH#

Input

Burst Chop: A12/BC# is sampled during Read and Write commands to
determine if burst chop (on-the-fly) will be performed.

(HIGH, no burst chop; LOW: burst chopped). See section 9.1
fiCommand Truth Tableo on page 95 for details.

T2

RESET#

Input

Active Low Asynchronous Reset: Reset is active when RESET# is
LOW, and inactive when RESET# is HIGH. RESET# must be HIGH
during normal operation. RESET# is a CMOS rail to rail signal with DC
high and low at 80% and 20% of VDD, RESET# active is destructive to
data contents.
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E3, F7, F2, F8, H3,

T3, T7

H8 G2 H7 DQLO-DQL7 Input/Output Data Input/Output: Lower byte of Bi-directional data bus.
D7, i:; (éz ig AT, DQUO-DQU7 Input/Output Data Input/Output: Upper byte of Bi-directional data bus.
Lower byte data Strobe: Data Strobe output with read data, input with
write data of DQL[7:0]. Edge-aligned with read data, centered in write
data. DQSL is paired with DQSL# to provide differential pair signaling
F3,G3 DQSL, DQSL# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
Upper byte data Strobe: Data Strobe output with read data, input with
write data of DQU[7:0]. Edge-aligned with read data, centered in write
data. DQSU is paired with DQSU# to provide differential pair signaling
Cr,B7 DQSU, DQSU# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
B2, D9, G7, K2, K8, VDD Suppl Power Supply: 1.35V(1.283V to 1.45V) or 1.5V(1.425V to 1.575V)
N1, N9, R1, R9 PRl operational.
A9, B3, E1, G8, J2,
J8, M1, M9, P1, P9, Vss Supply Ground.
T1,T9
Al, A8, C1, C9, D2, VDD Suppl DQ Power Supply: 1.35V(1.283V to 1.45V) or 1.5V(1.425V to 1.575V)
E9, F1, H2, HO Q pply operational.
B1, B9, D1, D8, E2,
ES, F9. G1, G9 VSsQ Supply DQ Ground.
H1 VREFDQ Supply Reference voltage for DQ.
M8 VREFCA Supply Reference voltage for Control, Command and Address inputs.
External reference ball for output drive and On-Die Termination
L8 70 Suppl Impedance calibration: This ball needs an external 240 q * 1% external
PRl resistor (RZQ), connected from this ball to ground to perform ZQ
calibration.
J1,39, L1, L9, M7, NC No Connect: No internal electrical connection is present.

Note:

Input only balls (BAO-BA2, A0-A12, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.
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oK cki =B ook |
BUFFER
CKE rﬁ
csit —p] _b CONTROL
[V] sienaL
RAS# —> GENERATOR
COMMAND |
CAs# —ipp| DECODER
COLUMN COLUMN COLUMN COLUMN
WE# ——Jp] ﬁ DECODER DECODER ﬁ DECODER ﬁ DECODER
o
i & & &
g S 9 8 CELL ARRAY
2 CELL ARRAY I CELL ARRAY 3 CELL ARRAY Q BANK #5
A10 o BANK #0 a BANK #1 o BANK #4 a
B3 2
:> g 3 8 3
x ('3 ['4 ['9
A0
MODE SENSE SENSE —' -
REGISTER AMPLIFIER AMPLIFIER
I:> ADDRESS — _
A9 BUFFER
ALl PFON 9> N CK, CK#
A12
BA2 |
BAL I 11 1 — oDT
BAO
\V4 , DQLOI DQL7 | DQLOI DQL?
READ - -
PREFETCH REGISTER drivers | | PQUOT DQU7 | DQUOT DQU7
¢ q
| | | | DATA CONTROL CIRCUIT BUFFER |, LDQsS, LDQs# |  ODT LDQS, LDQS#
WRITE |[€
> DM MASK LOGIC drivers | |(L29S. LDQS# M| cCONTROL | ¢ UDQS, UDQS#
¢ q —
REFRESH COLUMN | | T | LDM, UDM
COUNTER COUNTER § ¢ LDM, UDM
ZQCL, ZQCS L
COLUMN COLUMN COLUMN COLUMN
' DECODER DECODER DECODER DECODER
|
|
! 1 | 7o coTrouputarivers :I|> i :: ) & g g
1 9 <] :V'\ :V'\
[ H 9 CELL ARRAY o | cELLARRAY 3 CELL ARRAY 3 CELL ARRAY
L _Ysso_ _, o BANK #2 o BANK #3 H BANK #6 g BANK #7
Note: RZQ and Vssg are external component H H H H
o '3 o '3
I SENSE SENSE -
AMPLIFIER AMPLIFIER - AMPLIFIER AMPLIFIER -
NOTE: The cell array configuration is 8192 * 1024 * 16
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8. FUNCTIONAL DESCRIPTION

8.1 Basic Functionality

The DDR3L SDRAM is a high-speed dynamic random-access memory internally configured as an eight-
bank DRAM. The DDR3L SDRAM uses an 8n prefetch architecture to achieve high-speed operation.
The 8n prefetch architecture is combined with an interface designed to transfer two data words per clock
cycle at the 1/0O pins. A single read or write operation for the DDR3L SDRAM consists of a single 8n-bit
wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half
clock cycle data transfers at the 1/O pins.

Read and write operation to the DDR3L SDRAM are burst oriented, start at a selected location, and

contnuef or a burst | engt h o toffeurigaprogmammed sequenbeo@pprationd bur s
begins with the registration of an Active command, which is 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 activated (BAO-BA2 select the bank; A0-A12 select the row). The address bits registered coincident

with the Read or Write command are used to select the starting column location for the burst operation,

determine if the auto precharge command isto beissued ( vi a A10) , and select BC4
the flyé (via A12) if enabled in the mode register.

Prior to normal operation, the DDR3L SDRAM must be powered up and initialized in a predefined
manner. The following sections provide detailed information covering device reset and initialization,
register definition, command descriptions, and device operation.

8.2 RESET and Initialization Procedure

8.2.1 Power-up Initialization Sequence

The following sequence is required for POWER UP and Initialization.

1. Apply power (RESET# is recommended to be maintained below 0.2 * VDD; all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 uS with stable power. CKE is pulled
fi L o wotima before RESET# being de-asserted (min. time 10 nS). The power voltage ramp time
between 300 mV to VDD min. must be no greater than 200 mS; and during the ramp, Vbb OVDDQ
and (VDD - VDDQ) < 0.3 Volts.

VDD and VDDQ are driven from a single power converter output, AND

The voltage levels on all pins other than VDD, VDDQ, VsS, VSsSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VssQ and Vss on the other side.
In addition, VTT is limited to 0.95 V max once power ramp is finished, AND

VREF tracks VDDQ/2.
OR
Apply VDD without any slope reversal before or at the same time as VDDQ.
Apply VDDQ without any slope reversal before or at the same time as VTT & VREF.

The voltage levels on all pins other than VDD, VDDQ, VsS, VSsQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VssQ and Vss on the other side.

2. After RESET# is de-asserted, wait for another 500 uS until CKE becomes active. During this time,
the DRAM will start internal state initialization; this will be done independently of external clocks.

3. Clocks (CK, CK#) need to be started and stabilized for at least 10 nS or 5 tck (which is larger) before
CKE goes active. Since CKE is a synchronous signal, the corresponding set up time to clock (tis)
must be met. Also, a NOP or Deselect command must be registered (with tis set up time to clock)

before CKE goes active. Once the CKE is registered
continuously registerediHi gho wunt il the initialization sbeLguence
and tzQinit.
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4. The DDR3L SDRAM keeps its on-die termination in high-impedance state as long as RESET# is
asserted. Further, the SDRAM keeps its on-die termination in high impedance state after RESET#
deassertion until CKE is registered HIGH. The ODT input signal may be in undefined state until tis
before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal may be statically
held at either LOW or HIGH. If Rtt_Nom 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 tbLLK and tzQinit.

5. After CKE is being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the
first MRS command to load mode register. (txPR=max (txs ; 5 * tcK)

6. Issue MRS Command to load MR2 with all application settings. (To issue MRS command for MR2,
provide ALowd to BAO and BA2, fAHighodo to BA1l.)

7. Issue MRS Command to load MR3 with all application settings. (To issue MRS command for MR3,
provide ALowd to BA2, fiHighd to BAO and BA1l.)

8. Issue MRS Command to load MR1 with all application settings and DLL enabled. (To issue fDLL
Enabledcommand, provide i L otw A0, i Hi tpBAO0 and i L o tw BA1-BA2).

9.Issue MRS Command to | oad MRO with all application

command, provide i Hi tpW®and fi L o tew BAO-2).
10.Issue ZQCL command to starting ZQ calibration.
11.Wait for both tDLLK and tzQinit completed.
12.The DDR3L SDRAM is now ready for normal operation.

Ta Th Tc Td Te Tf Tg Th Ti Tj Tk
1 1
- A A A A A A AN
CK, Ck# /ﬂg/ T@,,J s s o __J o o X
tCKSRX
C C C C C C C C C
VDD, VDDQ S N S R S S S S S S S
T=200ps " T=s00ps
S S S S S S S S
RESET# g
1S
Tmin [10ns
ya V4 4 V4 4 4 £
5% c 5
tDLLK N
tXPR tMRD tMRD tMRD tMOD tZQinit
ts
[

Command /&/ /M

B G, Az

7 i ya ya ya
oDT // /}V //' // /g/ 4( & Static LOW in case Rtt_Nom is enabled at time Tg. Otherwise static HIGH or LOW

7 ‘ 7 7 7

RTT § § ST TS5 —"—S5 $—1
g TIME BREAK DON'T CARE
Note:
1. From time point ATdo until ATko NOP or DES commands must

Figure 117 Reset and Initialization Sequence at Power-on Ramping
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8.2.2 Reset Initialization with Stable Power
The following sequence is required for RESET at no power interruption initialization.

W631GUGNB

1. Asserted RESET below 0.2 * VDD anytime when reset is needed (all other inputs may be undefined).

RESET needs to be maintained for minimum 100 nS. CKE is pulled fALOWo-
asserted (min. time 10 nS).
2. Follow Power-up Initialization Sequence steps 2 to 11.
3. The Reset sequence is now completed; DDR3L SDRAM is ready for normal operation.
Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 1 L . . . _ . _ A A " _
CK, CK# /9? A 177J 177J 177J 17 ) 177J 177J 177J 1\77/\<
tCKSRX
(@ C (@ (@ (@ (@ (@ (@ (@
VDD, VDDQ p) > p) p) p) p) p) p) p)
T =100 ns T =500 us
RESET# § § § § § S § §
. tIS|
Tmin =10 ns J:—»
4 V4 4 V4 va V4 V4
CKE AIID Y, e KT | AT | AT | AT | AT | AT | XX
tDLLK
tXPR tMRD tMRD tMRD tMOD tzQinit
s
Command /&/ /M
7 7
4
BA A ASIA SIS AN, AIISS
s
Z. V4
oDT / /V / // Mj Static LOW in case Rtt_Nom is enabled at time Tg. Otherwise static HIGH or LOW
7 U VA U U V
RTT § § 5 S S S § § §—1
g TIME BREAK VA DON'T CARE
Note:
1. From time point ATdo until ATkd NOP or DES commands must

Figure 21 Reset Procedure at Power Stable Condition
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8.3 Programming the Mode Registers

For application flexibility, various functions, features, and modes are programmable in four Mode
Registers, provided by the DDR3L SDRAM, as user defined variables and they must be programmed
via a Mode Register Set (MRS) command. As the default values of the Mode Registers (MR#) are not
defined, contents of Mode Registers must be fully initialized and/or re-initialized, i.e., written, after power
up and/or reset for proper operation. Also the contents of the Mode Registers can be altered by re-
executing the MRS command during normal operation. When programming the mode registers, even if
the user chooses to modify only a sub-set of the MRS fields, all address fields within the accessed mode
register must be redefined when the MRS command is issued. MRS command and DLL Reset do not
affect array contents, which mean these commands can be executed any time after power-up without
affecting the array contents.

The mode register set command cycle time, tMRD is required to complete the write operation to the mode
register and is the minimum time required between two MRS commands shown in Figure 3.

Address @(
CKE ﬁ’ﬂﬁ/

Settings | old settings \\ “ Updating Settings “ New Settings |

Rtt_Nom ENABLED prior and/or after MRS command
|

ODTLoff+1

Rtt_Nom DISABLED prior and/or after MRS command

oDT @ VALID @( VALID >@< VALID % VALID @ VALID VALID >@< VALID >@< VALID VALID >@< VALID @( VALID )@

g TIME BREAK [] ponT care

Figure 31 tMRD Timing

Publication ReleasBate: Dec. 11, 2020
Revision:A01
-16-



W631GUGNB
'/} winbond I/ 4

The MRS command to Non-MRS command delay, tMoD is required for the DRAM to update the features,
except DLL reset, and is the minimum time required from a MRS command to a hon-MRS command
excluding NOP and DES shown in Figure 4.

TO T1 T2 Ta0 Tal Ta2 Ta3 Tad TbO Tbl Th2
CK# ————~
CK
Command @( VALID )@( >@< NOP/DES>@<NOP/DES )@( >@
Address@( VA|LID )@( VALID )@( VALID @ @ >@< )@( VALID )@( VALID @( VALID >@
CKEL ] | N | N g | g | e | e ‘Q‘ff/ | g | 4
|

Settings | Old settings “ Updating Settings New Settings |

|
oo \)

Rtt_Nom ENABLED prior and/or after MRS command

f;‘ 4_: ;( VALID

OoDT VALID VALID ODTLoff+1

Rtt_Nom DISABLED prior and/or after MRS command

ODT% VALID )@( VALID >@< VALID % VALID @ VALID @ VALID >@< VALID )@( VALID VALID )@( VALID @( VALID >@
g TIME BREAK DON'T CARE

Figure 41 tMoD Timing

The mode register contents can be changed using the same command and timing requirements during
normal operation as long as the DRAM is in idle state, i.e., all banks are in the precharged state with
trRP satisfied, all data bursts are completed and CKE is high prior to writing into the mode register. If the
Rtt_Nom Feature is enabled in the Mode Register prior and/or after a MRS command, the ODT signal
must continuously be registered LOW ensuring RTT is in an off state prior to the MRS command. The
ODT signal may be registered high after tMoD has expired. If the Rtt_Nom feature is disabled in the
Mode Register prior and after a 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 the functionality and/or modes.
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8.3.1 Mode Register MRO

The mode register MRO stores the data for controlling various operating modes of DDR3L SDRAM. It
controls burst length, read burst type, CAS latency, test mode, DLL reset, WR and DLL control for
precharge Power Down, which include various vendor specific options to make DDR3L SDRAM useful
for various applications. The mode register is written by asserting low on CS#, RAS#, CAS#, WE#, BAO,
BA1 and BA2, while controlling the states of address pins according to the Figure 5 below.

[eaz]Bar]BrofAr2]Al1[A0[ Ao JAs [ A7 [ A6 [ As [Aaa [ A3 ] a2 AL ] A0 ]| AddressField
A4 A4 A4 v A4 A4 A4 A4 A4 A4 A4 A4 A4 v v Y
[or] o] o [rro] WR ENEE cL [RBT] cL] BL ] Mode Registero
— 0
v
A8 | DLL Reset Burst Length
0 No A7 Mode A3 | Read Burst Type Al | AD BL
L Yes 0 Normal 0 [ Nibble Sequential 0fo 8 (Fixed)
A\ 1 Test 1 Inorleave 0 1 |BC4 0r8((-)n the fly)
BA1 [ BAO MRS mode 1| o0 BC4 (Fixed)
0 0 MRO —l * 1 1 Reserved
0 1 MR1 Write recovery for Auto precharge CAS Latency
1 0 MR2 All [ A10 | A9 | WR(cycles) A6 | A5 | A4 | A2 Latency
1 1 MR3 0 0 0 162 0 0 0 0 Reserved
v 0 0 1 52 0 0 1 0 5
A12 | DLL Control for Precharge PD 0 1 0 62 0 1 0 0 6
0 Slow exit (DLL off) 0 1 1 772 0 1 1 0 7
1 Fast exit (DLL on) 1 0 0 872 1 0 0 0 8
1 0 1 102 1 0 1 0 9
1 1 0 1272 1 1 0 0 10
1 1 1 1472 1 1 1 0 11
0 0 0 1 Reserved
0 0 1 1 13
0 1 0 1 14
0 1 1 1 Reserved
1 0 0 1 Reserved
1 0 1 1 Reserved
1 1 0 1 Reserved
1 1 1 1 Reserved

Notes:
1. BA2is reserved for future use and must be programmed to fi Odaring MRS.

2. WR (write recovery for Auto precharge)min in clock cycles is calculated by dividing twR (in nS) by tCK (in nS) and rounding
up to the next integer: WRmin[cycles] = Roundup(twR[nS] / tCK(avg)[nS]). The WR value in the mode register must be
programmed to be equal or larger than WRmin. The programmed WR value is used with tRP to determine tDAL.

3. The table only shows the encodings for a given Cas Latency. For actual supported CAS Latency, please refer to fiSpeed
Binso tables for each frequency.

4. The table only shows the encodings for Write Recovery. For actual Write recovery timing, please refer to AC timing table.
Figure 51 MRO Definition
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8.3.1.1 Burst Length, Type and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The burst type is
selected via bit A3 as shown in Figure 5. The ordering of accesses within a burst is determined by the
burst length, burst type, and the starting column address as shown in Table 1. The burst length is defined

by bits A0-Al. Burst length options include fixed BC4, fixedBL8and 6on the f 1l yo
BL8 to be selected coincident with the registration of a Read or Write command via A12/BC#.
Table 171 Burst Type and Burst Order
Burst type = Sequential | Burst type = Interleaved
Burst READ/ Starting Column Address yg . Iq yz imal NOTES
Length WRITE (A2, A1, AO) (EizemE) (e el
A3=0 A3=1
000 0123TTTT 0123TTTT 1,23
001 1,2,3,0,T,T,T,T 1,032T,TTT 1,23
010 2,301TTTT 2301LTTTT 1,23
011 3,0,12TTTT 32,10TTTT 1,2,3
READ
4 100 456,7TTTT 456,7T,TTT 1,2,3
Chop 101 56,74TTTT 54,76 TTTT 1,23
110 6,7,45TTTT 6,7,45TTTT 1,2,3
111 7,456TTTT 7,6,54TT,TT 1,2,3
VAVAY, 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,2,4,5
WRITE
1,VV 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,2,4,5
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 2
READ
8 100 4,56,7,0,1,2,3 4,56,7,0,1,2,3 2
101 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2 2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 2
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE \VAVAY, 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2,4
Notes:

1. In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two clock cycles earlier than for the
BL8 mode. This means that the starting point for tWR and twTR will be pulled in by two clocks. In case of burst length being
selected on-the-fly via A12/BC#, the internal write operation starts at the same point in time like a burst of 8 write operation.

This means that during on-the-fly control, the starting point for tWrR and twTR will not be pulled in by two clocks.
2. 0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.
3. T: Output driver for data and strobes are in high impedance.
4. V: avalid logic level (0 or 1), but respective buffer input ignores level on input pins.
5. X: Don't Care.

8.3.1.2 CAS Latency

The CAS Latency is defined by MRO (bits A2, A4, A5 and A6) as shown in Figure 5. CAS Latency is the
delay, in clock cycles, between the internal Read command and the availability of the first bit of output
data. DDR3L SDRAM does not support any half-clock latencies. The overall Read Latency (RL) is
defined as Additive Latency (AL) + CAS Latency (CL); RL = AL + CL. For more information on the
supported CL and AL settings based on the operating clock frequency, refer to section 10.15 ASpeed
Binso on page 134. For detailed Read operation refer to section 8.13 AREAD Operationd on page 44.
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8.3.1.3 Test Mode

The normal operating mode is selected by MRO (bit A7 = 0) and all other bits set to the desired values
shown in Figure5. Pr ogr ammi ng bit BDOR3LSORAM intbh test mddathatisonly h e
used by the DRAM Manufacturer and should NOT be used. No operations or functionality is specified if

A7 =1.

8.3.1.4 DLL Reset

The DLL Reset bitisself-cl ear i ng, meaning that it returns back to
function has been issued. Once the DLL is enabled, a subsequent DLL Reset should be applied. Any

time that the DLL reset function is used, tDLLK must be met before any functions that require the DLL

can be used (i.e., Read commands or ODT synchronous operations).

8.3.1.5 Write Recovery

The programmed WR value MRO (bits A9, A10 and A11) is used for the auto precharge feature along
with tRP to determine tDAL. WR (write recovery for auto-precharge) min in clock cycles is calculated by
dividing twr (in nS) by tck(avg) (in nS) and rounding up to the next integer: WRmin[cycles] =
Roundup(twRr[nS]/tcK(avg)[nS]). The WR must be programmed to be equal to or larger than twRr(min).

8.3.1.6 Precharge PD DLL

MRO (bit A12) is used to select the DLL usage during precharge power down mode. When MRO (Al12 =

0),or Oesxiotwd, the DLL is fr ozen dawntfa poteetial posverisaviogs)pr ec har g
and upon exit requirestxpDLLt 0 b e met prior to the next valid comman
e x ithe BLL is maintained after entering precharge power down and upon exiting power down requires

txP to be met prior to the next valid command.
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8.3.2 Mode Register MR1

The Mode Register MR1 stores the data for enabling or disabling the DLL, output driver strength,
Rtt_Nom impedance, additive latency, Write leveling enable and Qoff. The Mode Register 1 is written
by asserting low on CS#, RAS#, CAS#, WE#, high on BAO and low on BA1 and BA2, while controlling
the states of address pins according to the Figure 6 below.

[Ba2 [ BaL [Bao [ a2 | | a0 | Ao [ as | a7 [ ae | as [ aa [ a3 | a2 [ At | a0 | AddressFien
v v \ 4 v \ 4 v \ 4 v \ 4 v \ 4 v \ 4 v A4 A4
| 0% | 0 | 1 | Qoff | o*1 | 0*1 |Rn_Nom| 0*1 | Level |Rtt_N0m| D.I.C | AL |Rtt7Nom| D.I.Cl DLL | Mode Register 1
v v v
+ DLL Enabl
BA1 [ BAO [ MR Select A9 [ A6 A2 Rtt_Nom™ A0 able
0 0 MRO 0 0 0 | Rtt_Nom disabled 0 Enable
0 1 MR1 0 0 1 RZQ/4 1 Disable
1 0 MR2 0 1 0 RzQ/2 A 4
Output Driver
1 1 MR3 ° ! ! RzQf6 " ol Impedance Control
Write leveling enable 1 0 0 RzZQ/12* 0 0 RZQ/6
x4
—»| A7 Write leveling enable 1 0 1 RZQ/8 0 1 RZQI7
0 Disabled 1 1 0 Reserved 1 0 Reserved
1 Enabled 1 L 1 Reserved 1 1 Reserved
Note: RZQ = 240 ohms Note: RZQ = 240 ohms
» Al2 Qoff2 v
Additive Lat
0 Output buffer enabled a 58 tive Latency
" AL disabl
1 Output buffer disabled™ 0 0 O (AL disabled)
0 1 CL-1
1 0 CL-2
1 1 Reserved

Notes:
1. BA2, A8, A10 and Al1 are reserved for future use and must be programmed to f @uring MRS.
2. Outputs disabled - DQs, DQSs, DQS#s.

3. In Write leveling Mode (MR1 A[7] = 1) with MR1 A[12]=1, all Rtt_Nom settings are allowed; in Write Leveling Mode (MR1
A[7] = 1) with MR1 A[12]=0, only Rtt_Nom settings of RZQ/2, RZQ/4 and RZQ/6 are allowed.

4. If Rtt_Nom is used during Writes, only the values RZQ/2, RZQ/4 and RZQ/6 are allowed.
Figure 6 1 MR1 Definition
8.3.2.1 DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization, and
upon returning to normal operation after having the DLL disabled. During normal operation (DLL-on) with
MR1 (A0 = 0), the DLL is automatically disabled when entering Self Refresh operation and is automatically
re-enabled upon exit of Self Refresh operation. Any time the DLL is enabled and subsequently reset,
tbLLK clock cycles must occur before a Read or synchronous ODT command can be issued to allow time
for the internal clock to be synchronized with the external clock. Failing to wait for synchronization to occur
may result in a violation of the tbQsck, tAON or tAOF parameters. During tbLLK, CKE must continuously be
registered high. DDR3L SDRAM does not require DLL for any Write operation, except when Rtt. WR is
enabled and the DLL is required for proper ODT operation. For more detailed information on DLL Disable
operation refer to section 8.6 fAiDLL-off Modeo on page 26.

The direct ODT feature is not supported during DLL-off mode. The on-die termination resistors must be
disabled by continuously registering the ODT pin low and/or by programming the Rtt Nom bits
MR1{A9,A6,A2} to {0,0,0} via a mode register set command during DLL-off mode.
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The dynamic ODT feature is not supported at DLL-off mode. User must use MRS command to set
Rtt WR, MR2 {A10, A9} = {0,0}, to disable Dynamic ODT externally.

8.3.2.2 Output Driver Impedance Control

The output driver impedance of the DDR3L SDRAM device is selected by MR1 (bits A1 and A5) as
shown in Figure 6.

8.3.2.3 ODT RTT Values

DDR3L SDRAM is capable of providing two different termination values (Rtt_Nom and Rtt. WR). The
nominal termination value Rtt Nom is programmed in MR1. A separate value (Rtt WR) may be
programmed in MR2 to enable a unique RTT value when ODT is enabled during writes. The Rtt WR
value can be applied during writes even when Rtt_Nom is disabled.

8.3.2.4 Additive Latency (AL)

Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable
bandwidths in DDR3L SDRAM. In this operation, the DDR3L SDRAM allows a read or write command
(either with or without auto-precharge) to be issued immediately after the active command. The
command is held for the time of the Additive Latency (AL) before it is issued inside the device. The Read
Latency (RL) is controlled by the sum of the AL and CAS Latency (CL) register settings. Write Latency
(WL) is controlled by the sum of the AL and CAS Write Latency (CWL) register settings. A summary of
the AL register options are shown in Table 2.

Table 21 Additive Latency (AL) Settings

A4 A3 AL
0 0 0 (AL Disabled)
0 1 CL-1
1 0 CL-2
1 1 Reserved

Note:
AL has a value of CL - 1 or CL - 2 as per the CL values programmed in the MRO register.

8.3.2.5 Write leveling

For better signal integrity, DDR3L memory module adopted fly-by topology for the commands,

addresses, control signals, and clocks. The fly-by topology has the benefit of reducing the number of

stubs and their length, but it also causes flight time skew between clock and strobe at every DRAM on

the DIMM. This makes it difficult for the controller to maintain tbQss, tbss, and tbsH specification.
Therefore,the DDRBLSDRAM supports a o6write | evelingd feature t
for skew. See section 8.9 fiwrite Levelingo on page 31 for more details.

8.3.2.6 Output Disable

The DDR3L SDRAM outputs may be enabled/disabled by MR1 (bit A12) as shown in Figure 6. When
this feature is enabled (A12 = 1), all output pins (DQs, DQS, DQS#, etc.) are disconnected from the
device, thus removing any loading of the output drivers. This feature may be useful when measuring
module power, for example. Fornormaloper at i on, Al1l2 should be set to 0606
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