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16M x 8 BANKS x 16 BIT DDR3 SDRAM
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1. GENERAL DESCRIPTION

The W632GG6NB is a 2G bits DDR3 SDRAM, organized as 16,777,216 words x 8 banks x 16 bits.
This device achieves high speed transfer rates up to 2133 MT/s (DDR3-2133) for various applications.
This device is sorted into the following speed grades: -09, -11, -12, -15, 09I, 111, 121, 15I, 09J, 11J,
12J and 15J.

The -09 ,091 and 09J speed grades are compliant to the DDR3-2133 (14-14-14) specification (The 09I
industrial grade which is guaranteed to support -40°C < TCASE < 95°C, the 09J industrial plus grade
which is guaranteed to support -40°C < TCASE < 105°C).

The -11 ,111 and 11J speed grades are compliant to the DDR3-1866 (13-13-13) specification (The 11|
industrial grade which is guaranteed to support -40°C < TCASE < 95°C, the 11J industrial plus grade
which is guaranteed to support -40°C < TCASE < 105°C).

The -12, 121 and 12J speed grades are compliant to the DDR3-1600 (11-11-11) specification (The 12|
industrial grade which is guaranteed to support -40°C < TCASE < 95°C, the 12J industrial plus grade
which is guaranteed to support -40°C < TCASE < 105°C).

The -15, 151 and 15J speed grades are compliant to the DDR3-1333 (9-9-9) specification (The 15l
industrial grade which is guaranteed to support -40°C < TCASE < 95°C, the 15J industrial plus grade
which is guaranteed to support -40°C < TCASE < 105°C).

The W632GG6NB is designed to comply with the following key DDR3 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 I/Os are synchronized with a differential DQS-DQS# pair in a source synchronous
fashion.

2. FEATURES

o Power Supply: VDD, VDDQ = 1.5V = 0.075V

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

« 8 bit prefetch architecture

e 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)

o Programmable read burst ordering: interleaved or nibble sequential

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

e 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)

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

e Read Latency = Additive Latency plus CAS Latency (RL = AL + CL)

¢ Auto-precharge operation for read and write bursts
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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
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

Interface: SSTL_15

Packaged in VFBGA 96 Ball (7.5x13 mm?2 with thickness of 1.0 mm), using lead free materials with
ROHS compliant

3. ORDER INFORMATION

PART NUMBER SPEED GRADE OPERATING TEMPERATURE
W632GG6NB-09 DDR3-2133 (14-14-14) 0°C = TcAse =95°C
W632GG6NBO9I DDR3-2133 (14-14-14) -40°C = TcAsE = 95°C
W632GG6NB09J DDR3-2133 (14-14-14) -40°C = TCASE < 105°C
W632GG6NB-11 DDR3-1866 (13-13-13) 0°C = TcAse =95°C
W632GG6NB11l| DDR3-1866 (13-13-13) -40°C = TcAsE = 95°C
W632GG6NB11J DDR3-1866 (13-13-13) -40°C = TCASE < 105°C
W632GG6NB-12 DDR3-1600 (11-11-11) 0°C = TcAse =95°C
W632GG6NB12| DDR3-1600 (11-11-11) -40°C < TcAsE = 95°C
W632GG6NB12J DDR3-1600 (11-11-11) -40°C = TCASE < 105°C
W632GG6NB-15 DDR3-1333 (9-9-9) 0°C = TcAse =95°C
W632GG6NB15I DDR3-1333 (9-9-9) -40°C < TcASE < 95°C
W632GG6NB15J DDR3-1333 (9-9-9) -40°C < TCASE < 105°C
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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)
ACT to internal read or write delay 13.91 13.75 135
time RCD | 1309 T |a@sazs| T |@sazsys| |@size| ns
. 13.91 . .
PRE command period tRP 13.09 - 3.9 - 13.75 - 135 - nS
(13.125)* (13.125)* (13.125)*
. 47.91 . 49.5
ACT to ACT or REF command period tRC 46.09 - - 48.75 - - 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 [tCKAVG)| 3.0 33 3.0 33 3.0 3.3 3.0 33 nS
CL=6 CWL =5 |[ICK(AVG) 25 3.3 25 3.3 25 3.3 25 3.3 nS
CL=7 CWL=6 [tCK(AVG)| 1.875 | <25 1.875 | <25 1.875 | <25 1875 | <25 nS
CL=8 CWL=6 [tCK(AVG)| 1.875 | <25 1.875 | <25 1.875 | <25 1875 | <25 nS
CL=9 CWL=7 |[tcK(AVG)| 15 |[<1875| 15 <1.875 15 <1.875 15 |<1875| nS
CL=10 CWL=7 [tcK(AVG)| 15 |[<1875| 15 <1.875 15 <1.875 15 |<1875| nS
CL=11 CWL=8 [tCcK(AVG)| 1.25 <15 1.25 <15 1.25 <15 Reserved nS
CL=13 CWL=9 [tcKAve)| 1.07 <125 1.07 <125 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,|5,6,(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 < TCASE < 85°C - 7.8%23 - 7.8%23 - 7.8%23 - 7.823 | uS
AVerage °C < < o, %1 x1 x1 x1
periodic 0°C < TCASE < 85°C - 7.8 - 7.8 - 7.8 - 7.8 us
refresh ° o tREF
85°C < TCASE < 95°C - 3.9% - 3.9%4 - 3.9%4 - 3.9%4 uS
Interval
95°C < TCASE < 105°C - 3.9% - 3.9% - 3.9% - 3.9% uS
Operating One Bank Active-Precharge 1DDO ~ 140 B 135 B 120 B 110 mA
Current
Operating One Bank Active-Read-
Precharge Current IDD1 - 175 - 160 - 145 - 130 | mA
Operating Burst Read Current IDD4R - 230 - 210 - 190 - 165 mA
Operating Burst Write Current IDD4w - 260 - 235 - 210 - 185 mA
Burst Refresh Current IDD5B - 195 - 190 - 180 - 175 mA
Normal Temperature Self-Refresh
Current IDD6 - 15 - 15 - 15 - 15 mA
Operating Bank Interleave Current IbD7 - 290 - 260 - 235 - 205 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 < TCASE < 85°C with full JEDEC AC and DC specifications.
The -09, -11, -12 and -15 speed grades, -40°C < TCASE < 0°C is not available.

The 091, 09, 111, 113, 121, 123, 151 and 15J speed grades support -40°C < TCASE < 85°C with full JEDEC AC and DC
specifications.

. The -09, 091, -11, 11I, -12, 12I, -15 and 15I 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/trcb/tRP min must be 13.125 nS or lower. SPD settings

must be programmed to match. For example, DDR3-1333 (9-9-9) devices supporting down binning to DDR3-1066 (7-7-7) should
program 13.125 nS in SPD bytes for taamin (Byte 16), tRcomin (Byte 18), and tremin (Byte 20). DDR3-1600 (11-11-11) devices
supporting down binning to DDR3-1333 (9-9-9) or DDR3-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin
(Byte16), treomin (Byte 18), and trRemin (Byte 20). Once trp (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 DDR3-1333 (9-9-9) and
48.125 nS (trAsmin + trpmin = 35 nS + 13.125 nS) for DDR3-1600 (11-11-11).

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

be programmed to match. For example, DDR3-1866 (13-13-13) devices supporting down binning to DDR3-1600 (11-11-11) or
DDR3-1333 (9-9-9) or DDR3-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin (Byte 16), trcomin (Byte 18), and
trpmin (Byte 20). Once trpP (Byte 20) is programmed to 13.125 nS, trcmin (Byte 21, 23) also should be programmed accordingly.
For example, 47.125nS (trRasmin + trRpmin = 34 nS + 13.125 nS).
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5. BALL CONFIGURATION

W632GG6NB

VDDQ | DQU5 | DQU7
vssQ | vbD VsS
vDDQ | DQU3 | DQU1
VvSsQ | vbbQ | Dmu
vss | vssQ | DQLo
vDDQ | DQL2 | DQSL
VSSQ | DQL6 | DQSL#
VREFDQ| VDDQ | DQL4
NC vSS | RAS#
oDT VDD | CAS#
NC cs# WE#
Vss BAO BA2
VDD A3 AO
VsS A5 A2
VDD A7 A9
vss |RESET#| A13

DQU4 | VDDQ | Vvss
DQSU# | DQU6 | VSSQ
DQSU | DQU2 | VDDQ
DQUO | VvSsSQ | VDD
DML | vssQ | vbpo
DQLL | DQL3 | VSSQ
VDD vss | vssQ
DQL7 | DQL5 | VDDQ
CK VSS NC
CK# VDD CKE
AL0/AP | ZQ NC
NC |VREFCA| vss
A12/BC#| BA1L VDD
Al A4 VSS
All AB VDD
NC A8 VSs
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6. BALL DESCRIPTION

W632GG6NB
/4

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

OoDT

Input

On Die Termination: ODT (registered HIGH) enables termination
resistance internal to the DDR3 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: BAO-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, T3

A0-A13

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-A13.
Column address: AO-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/BC#

Input

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

(HIGH, no burst chop; LOW: burst chopped). See section 9.1
“Command Truth Table” 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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W632GG6NB
 / A

E3, F7, F2, F8, H3,

T7

H8 G2 H7 DQLO-DQL7 Input/Output Data Input/Output: Lower byte of Bi-directional data bus.
D7, i:; (ég 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. DDR3 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. DDR3 SDRAM
supports differential data strobe only and does not support single-
ended.
B2, D9, G7, K2, K8, .
N1 N9, R1, R9 VDD Supply Power Supply: 1.5V + 0.075V.
A9, B3, E1, G8, J2,
J8, M1, M9, P1, P9, Vss Supply Ground.
T1,T9
Al, A8, C1, C9, D2, .
E9, F1, H2, HO VDDQ Supply DQ Power Supply: 1.5V + 0.075V.
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%
PPy external 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-A13, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.
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8. FUNCTIONAL DESCRIPTION

8.1 Basic Functionality

The DDR3 SDRAM is a high-speed dynamic random-access memory internally configured as an
eight-bank DRAM. The DDR3 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 1/0 pins. A single read or write operation for the DDR3 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 DDR3 SDRAM are burst oriented, 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 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-A13 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 is to be issued (via A10), and select
BC4 or BL8 mode ‘on the fly’ (via A12) if enabled in the mode register.

Prior to normal operation, the DDR3 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
“Low” anytime 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, VDD = VDDQ
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

o VREF tracks VDDQ/2.

« 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, VsSS, 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 “High” after Reset, CKE needs to be
continuously registered “High” until the initialization sequence is finished, including expiration of
tDLLK and tzQinit.
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4. The DDR3 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. Th