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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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ckokt =P ook L

BUFFER
CKE *_ﬁ
cs# — _D CONTROL

T SIGNAL

RAS# _’ GENERATOR|

COMMAND |
CAs# —ipp| DECODER

A

WE# —p]
AL0 r

A0 MODE
| REGISTER
ADDRESS
A9 E> BUFFER
ALL

Al12

1 U

ROW DECODER

COLUMN
DECODER

CELL ARRAY
BANK #0

SENSE
AMPLIFIER

=~

|

COLUMN
DECODER

ROW DECODER

CELL ARRAY
BANK #1

SENSE
AMPLIFIER

>

A13

BA1
BAO

REFRESH COLUMN
COUNTER COUNTER
ZQCL, ZQCs

To ODT/output drivers

Note: RZQ and Vssq are external component

LG

ROW DECODER

COLUMN
DECODER

CELL ARRAY
BANK #2

SENSE
AMPLIFIER

COLUMN
DECODER

ROW DECODER

CELL ARRAY
BANK #3

SENSE
AMPLIFIER

COLUMN
DECODER

: CELL ARRAY
BANK #6

ROW DECODER

SENSE -
AMPLIFIER -

1l

ROW DECODER

COLUMN
DECODER

CELL ARRAY
BANK #7

SENSE

NOTE: The cell array configuration is 16384 * 1024 * 16

AMPLIFIER —

COLUMN COLUMN
ﬁ DECODER i DECODER
@x @
i i
8 8 CELL ARRAY
o CELL ARRAY o BANK #5
a BANK #4 a
2 2
I¢] S
4 |4
AN CK, CKit
1 oDT
L DLL
J\/l' N\  DQLO-DQL7 | DQLO-DQL?
READ ||¢ q —
> PREFETCH REGISTER 00 drivers | | DQUO-DQU7 | DQUO-DQU7
Al ——
| | DATA CONTROL CIRCUIT BUFFER |, LDQs, LDQs# |  ODT LDQS, LDQS#
WRITE A 7
DM MASK LOGIC /1 arivers || (LD2S. LDQS# || conTROL | UDQS, UDQSH
¢ q [
LDM, UDM , LDM, UDM
¢
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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.

Publication Release Date: Apr. 09, 2019
Revision: A02
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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. 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 “Low” to BAO and BA2, “High” to BA1.)

7. Issue MRS Command to load MR3 with all application settings. (To issue MRS command for MR3,
provide “Low” to BA2, “High” to BAO and BA1.)

8. Issue MRS Command to load MR1 with all application settings and DLL enabled. (To issue “DLL
Enable” command, provide “Low” to A0, “High” to BAO and “Low” to BA1-BA2).

9. Issue MRS Command to load MRO with all application settings and “DLL reset”. (To issue DLL
reset command, provide “High” to A8 and “Low” to BAO-2).

10.Issue ZQCL command to starting ZQ calibration.
11.Wait for both tDLLK and tzQinit completed.
12.The DDR3 SDRAM is now ready for normal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 | - —_ — — — _ _ o
CK, CK# LI, X X XN X X Ny X8 ¥ X
X - - - - - - - - -
tCKSRX
(@ C (@ (@ (@ (@ (@ (@ (@
VDD, VDDQ b} _ P p) p) p) p) b} p) p)
T =200 ps ~ T=500ps
§ § § § § § § §
RESET# g
tis]
Tmin |10ns
CKE WWWWWWWW
74 ¢ D
tDLLK
tXPR N tMRD N tMRD N tMRD N tMOD N tzQinit N
s
Command /&/ M
7 7

'4!"
BA 227 X X I VIS

s

ya ya 7 ya ya
oDT / // /\g/ // // /%(/’J_’ & Static LOW in case Rtt_Nom is enabled at time Tg, Otherwise static HIGH or LOW

7 7 7 7 7

C C C C C C C C C
RTT S S 5 5 5 5 S S S

g TIME BREAK DON'T CARE

Note:
1. From time point “Td” until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands.

Figure 1 — 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.

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 “LOW” before
RESET being de-asserted (min. time 10 nS).

2. Follow Power-up Initialization Sequence steps 2 to 11.
3. The Reset sequence is now completed; DDR3 SDRAM is ready for normal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 1
~ N T\ T\ T\ Ty TN (i
tCKSRX
[ C C [ C C [ C C
VDD, VDDQ p) > p) p) p) p) p) p) p)
T=100ns
S S S S S S S
RESET# g
Tmin =10 ns

V4 V4 V4 V4 V4 V4 V4

T ¢ DY
tDLLK
tXPR tMRD tMRD tMRD tMOD 1ZQinit
tIs
7 A

Z. Ve Ve Ve

7 A DI, TSI Y TD Y
tIs tIs

£ v V4 V4 V4 VA Z v v
oDT /&/ /&/ \ Static LOW in case Rtt_Nom is enabled at time Tg, Otherwise static HIGH or LOW \ \ VAIM

VA V V V Vi Vi T V V

(@ (@ C C C C (@ C C

RTT S S S S S S S S S
€ TiME BREAK DONT CARE

Note:

1. From time point “Td” until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands.
Figure 2 — 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 DDR3 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.

CK

Command VALID )@( )@( )@( )@
Address (777 v YZ e WX XX X2 e XX D e X e YA
ckeliy | N | e N N | e N | e |
Settings | Old settings “ “ Updating Settings “ New Settings |

Rtt_Nom ENABLED prior and/or after MRS commar\1\d tMRD > tMOD

o1
oDT VALID VALID ODTLTI 4 2 7’ y VAUT>@
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 3 —tMRD Timing
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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 non-MRS
command excluding NOP and DES shown in Figure 4.

TO T1 T2 Ta0 Tal Ta2 Ta3 Tad TbO Tbhl Th2
CK# ————~
CK
command [Z2X B XZX XX ) ) G DY,
Address [777X vawo XX v 77X X o YR e YK e XK KD o Yo 2K e XD
CKEf ] | T | T N | e | e | el ‘d{f/ N | g | A
Settings | Old settings “ Updating Settings “ New Settings |
[
Rtt_Nom ENABLED prior and/or after MRS command tMOD “ >
OoDT VALID VALID ODTLOf+1 > H / ;/ 4_: %( VALID
Rtt_Nom D|ISABLED prior Tnd/or after MRT command
ODT% VALID >@< VALID )@( VALID % VALID m VALID @ VALID >@< VALID @( VALID VALID >@< VALID @ VALID >@

g TIME BREAK [] poNT cARE

Figure 4 —tMmoD 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 trpP 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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The mode register MRO stores the data for controlling various operating modes of DDR3 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 DDR3 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.

Mode Register MRO

[Ba2] Bai]BAOJ A3 [A12[A1L [AIO[ A9 [AB [ A7 A6 A5 JAa A3 A2 AL A0

Address Field

h 4 A4 A4 h 4 h 4 A 4 A4 A4 A4 A4 A4 A4 A4 A4 \ 4 \ 4 \ 4
[o1] o] o] ot]prrD] WR [oL] ™ ] cL [ReT] cL] BL ]| Mode Register 0
v
A8 | DLL Reset v Burst Length
0 No A7 Mode A3 | Read Burst Type Al | AO BL
1 Yes 0 | Normal 0 | Nibble Sequential 0lo 8 (Fixed)
v 1 Test Interleave 0 1 |BC4 0r8(9n the fly)
BA1 [ BAO MRS mode 1]o0 BC4 (Fixed)
0 0 MRO + 1 1 Reserved
2 é I’:/IAE; Write recovery for Auto precharge CAS Latency
1 1 MRS A1l | A10 | A9 |WR(cycles) A6 | A5 | A4 | A2 Latency
v 0 0 0 162 0 0 0 0 Reserved
A12 | DLL Control for Precharge PD g S (1) Zz g (1) ; g Z
0 Slow exit (DLL off) 5 1 1 72 o 1 1 o Z
1 Fast exit (DLL on)
1 0 0 82 1 0 0 0 8
1 0 1 102 1 0 1 0 9
1 1 0 122 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. BA2 and A13 are reserved for future use and must be programmed to “0” during 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 “Speed
Bins” 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 5 — 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 AO-Al. Burst length options include fixed BC4, fixed BL8 and ‘on the fly’ which allows
BC4 or BL8 to be selected coincident with the registration of a Read or Write command via A12/BC#.

Table 1 — Burst Type and Burst Order

Burst READ/ Starting Column Address Burst t{gz;n?:lc)}uential Burst t)/(zt;;an;It;rleaved NOTES
Length WRITE (A2, A1, AO) A3 =0 A3=1
000 0,1,2,3,T,T,T,T 0,1,2,3,T,T,T,T 1,2,3
001 1,2,3,0,T,T,T, T 1,0,3,2, T,T,T,T 1,23
010 2,301, TT,T,T 2,3,01,T,T,T,T 1,23
011 3,012TTTT 3,2,1,0T,TTT 1,2,3
READ
4 100 45,6,7,T,TTT 45,6,7,TTT,T 1,23
Chop 101 56,74 TTT,T 54,7,6,T,TTT 1,2,3
110 6,7,4,5TT,T,T 6,7,45T,T,T,T 1,23
111 7,45,6,TTT,T 7,6,54TTTT 1,2,3
o,V,v 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,2,4,5
WRITE
1vV\v 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,2,4,5
000 0,1,2,3,4,56,7 0,1,2,3,4,56,7 2
001 1,2,3,05,6,7,4 1,0,3254,7,6 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
8 100 456,7,0,1,2,3 456,7,0,1,2,3 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 V,V,V 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 twrR 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 tWR 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. DDR3 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 “Speed
Bins” on page 135. For detailed Read operation refer to section 8.13 “READ Operation” 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 Figure 5. Programming bit A7 to a ‘1’ places the DDR3 SDRAM into a test mode that is only
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 bit is self-clearing, meaning that it returns back to the value of ‘0’ after the DLL reset
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 twr(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 (A12
= 0), or ‘slow-exit’, the DLL is frozen after entering precharge power down (for potential power savings)
and upon exit requires txpDLL to be met prior to the next valid command. When MRO (A12 = 1), or
‘fast-exit’, the DLL 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 [ a1 [ Bao | a3 [ a2 | ats [ a0 [ ao [ a8 [ a7 [ a6 [ as [ aa [ a3 | a2 | a1 | o | Address Fiewd
A4 A4 y A A 4 A 4 A 4 A 4 A A A A 4 A 4 A 4 A 4 A 4 A 4
[ oo [ o J 1+ [ on Joot] oo | o [runom| oo [ Level [renon| Dic | AL [renom| D..C| DLL | Mode Register 1
v v Y
BALl | BAO | MR Select A9 A6 A2 Rtt_Nom'3 AD DLL Enable
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 RZQI2 3
R MR3 o [ 1|1 RZQl8 A5 | AL | impedance Contrl
1 0 0 RZQ/12* o o RZQI6
L»{ A7 | Writeleveling enable 1 0 1 RzQ/g+ 0 1 RZQ/7
0 Disabled 1 1 0 Reserved 1 0 Reserved
1 Enabled 1 - . Reserved 1 1 Reserved
Note: RZQ = 240 ohms Note: RZQ = 240 ohms
> Al2 Qoff2 \ 4
0 Output buffer enabled A4 A3 |Additive Latency
1 | output buffer disabled'2 0 0 | O(ALdisabled)
0 1 cL1
1 0 cL-2
1 1 Reserved

Notes:
1. BA2, A8, A10, A1l and A13 are reserved for future use and must be programmed to “0” during 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 — 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 tDLLK,
CKE must continuously be registered high. DDR3 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 “DLL-off Mode” 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 DDR3 SDRAM device is selected by MR1 (bits A1 and A5) as
shown in Figure 6.

8.3.2.3 ODT RTT Values

DDR3 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 DDR3 SDRAM. In this operation, the DDR3 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 2 — 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, DDR3 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 tDsH specification.
Therefore, the DDR3 SDRAM supports a ‘write leveling’ feature to allow the controller to compensate
for skew. See section 8.9 “Write Leveling” on page 31 for more details.

8.3.2.6 Output Disable

The DDR3 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. For normal operation, A12 should be set to ‘0’.
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8.3.3 Mode Register MR2

The Mode Register MR2 stores the data for controlling refresh related features, Rtt. WR impedance,
and CAS write latency. The Mode Register 2 is written by asserting low on CS#, RAS#, CAS#, WE#,
high on BA1 and low on BAO and BA2, while controlling the states of address pins according to the
Figure 7 below.

| BA2 | BAL | BAO | A13 | AL2 | ALl | AL0 | A9 | A8 | A7 | A6 | AS | A4 | A3 | A2 | AL | A0 | Address Field
h 4 h 4 y y \ 4 h 4 h 4 h 4 h 4 h 4 h 4 h 4 h 4 \ 4 \ 4 \ 4 \ 4
| 01 | 1 | 0 | 01 | Rit_WR | oxt | SRT | ASR | cwL | PASR | Mode Register 2
A4 A 4
BA1 | BAO | MR Select A2 Al A0 Partial Array Self Refresh for 8 Banks
o] 0 MRO 0 0 0 Full array
0 1 MR1
n o Rz 0 0 1 Half Array (BA[2:0]=000,001,010 & 011)
1 1 MR3 0 1 0 Quarter Array (BA[2:0]=000 & 001)
L] A6 | Auto self Refresh (ASR) e 1/8th Array (BA[2:0]=000)
0 Manual SR Reference (SRT) 1 0 0 3/4 Array (BA[2:0]=010,011,100,101,110 & 111)
1 ASR enable 1| o | 2 Half Array (BA[2:0]=100,101,110 & 111)
» A7 | Self Refresh Temperature (SRT) Range 1 1 0 Quarter Array (BA[2:0]=110 & 111)
0 Normal operating temperature range 1 1 1 1/8th Array (BA[2:0]=111)
1 Extended operating temperature range
h 4
A5 A4 A3 CAS write Latency (CWL)
» A10 | A9 Rtt_WR*? 5 5 5 5( 25n5)
t 22.5n
Dynamic ODT off o
0 0 (Write does not affect Rtt value) 0 0 1 6 (2.5nS > tekavg) 2 1.875nS)
0 1 RZQ/4 0 1 0 7 (1.875nS > tek(avg) 2 1.50S)
1 0 RZQ/2 0 1 1 8 (1.5NS > tek(avg) = 1.250S)
1 1 Reserved 1 0 0 9 (1.25nS > tckavg) 2 1.07nS)
1 0 1 10 (1.07nS > texgavg) 2 0.938nS)
1 1 0 Reserved
1 1 1 Reserved

Notes:
1. BA2, A8, A11~A13 are reserved for future use and must be programmed to “0” during MRS.

2. The Rtt_WR value can be applied during writes even when Rtt_Nom is disabled. During write leveling, Dynamic ODT is not
available.

Figure 7 — MR2 Definition
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8.3.3.1 Partial Array Self Refresh (PASR)

If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified
address range shown in Figure 7 will be lost if Self Refresh is entered. Data integrity will be
maintained if tREFI conditions are met and no Self Refresh command is issued.

8.3.3.2 CAS Write Latency (CWL)

The CAS Write Latency is defined by MR2 (bits A3-A5), as shown in Figure 7. CAS Write Latency is
the delay, in clock cycles, between the internal Write command and the availability of the first bit of
input data.

DDR3 SDRAM does not support any half-clock latencies. The overall Write Latency (WL) is defined as

Additive Latency (AL) + CAS Write Latency (CWL); WL = AL + CWL. For more information on the
supported CWL and AL settings based on the operating clock frequency, refer to section 10.15
“Speed Bins” on page 135. For detailed Write operation refer to section 8.14 “WRITE Operation” on
page 57.

8.3.3.3 Auto Self Refresh (ASR) and Self Refresh Temperature (SRT)

DDR3 SDRAM must support Self Refresh operation at all supported temperatures. Applications
requiring Self Refresh operation in the Extended Temperature Range must use the ASR function or
program the SRT bit appropriately.

When ASR enabled, DDR3 SDRAM automatically provides Self Refresh power management functions
for all supported operating temperature values. If not enabled, the SRT bit must be programmed to
indicate TOPER during subsequent Self Refresh operation.

ASR = 0, Self Refresh rate is determined by SRT bit A7 in MR2.
ASR = 1, Self Refresh rate is determined by on-die thermal sensor. SRT bit A7 in MR2 is don't care.

8.3.3.4 Dynamic ODT (Rtt_WR)

DDR3 SDRAM introduces a new feature “Dynamic ODT”. In certain application cases and to further
enhance signal integrity on the data bus, it is desirable that the termination strength of the DDR3
SDRAM can be changed without issuing an MRS command. MR2 Register locations A9 and Al10
configure the Dynamic ODT settings. In Write leveling mode, only Rtt_Nom is available. For details on
Dynamic ODT operation, refer to section 8.19.3 “Dynamic ODT” on page 84.
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8.34 Mode Register MR3

The Mode Register MR3 controls Multi purpose registers. The Mode Register 3 is written by asserting
low on CS#, RAS#, CAS#, WE#, high on BA1 and BAO, and low on BA2 while controlling the states of
address pins according to the Figure 8 below.

|BA2|BA1 | BAO|A13 | A12| A11| A10| A9| A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | A0 | Address Field

A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 Y Y Y Y

EXENER 0t [ MPrR [ WPRLoc | Mode Register
L1
MR Select
v MPR Address v
BA1 | BAO | MR Select MPR Operation y AL | Ao MPR location

0 0 MRO Az IR 0 0 Predefined pattern

0 1 MR1 0 Normal operation™® 0 1 REU

1 0 MR2 1 Dataflow from MPR 1 0 RFU

1 1 MR3 1 1 RFU

Notes:

1. BA2, A3~A13 are reserved for future use and must be programmed to “0” during MRS.

2. The predefined pattern will be used for read synchronization.

3. When MPR control is set for normal operation (MR3 A[2] = 0) then MR3 A[1:0] will be ignored.

Figure 8 — MR3 Definition
8.3.4.1 Multi Purpose Register (MPR)

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing calibration
bit sequence. To enable the MPR, a MODE Register Set (MRS) command must be issued to MR3
Register with bit A2 = 1. Prior to issuing the MRS command, all banks must be in the idle state (all
banks precharged and tRP met). Once the MPR is enabled, any subsequent RD or RDA commands
will be redirected to the Multi Purpose Register. When the MPR is enabled, only RD or RDA
commands are allowed until a subsequent MRS command is issued with the MPR disabled (MR3 bit
A2 = 0). Power Down mode, Self Refresh, and any other non-RD/RDA command is not allowed during
MPR enable mode. The RESET function is supported during MPR enable mode. For detailed MPR
operation refer to section 8.10 “Multi Purpose Register” on page 35.
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8.4 No OPeration (NOP) Command

The No OPeration (NOP) command is used to instruct the selected DDR3 SDRAM to perform a NOP
(CS# LOW and RAS#, CAS#, and WE# HIGH). This prevents unwanted commands from being
registered during idle or wait states. Operations already in progress are not affected.

8.5 Deselect Command

The DESELECT function (CS# HIGH) prevents new commands from being executed by the DDR3
SDRAM. The DDR3 SDRAM is effectively deselected. Operations already in progress are not affected.

8.6 DLL-off Mode

DDR3 DLL-off mode is entered by setting MR1 bit AO to “1”; this will disable the DLL for subsequent
operations until AO bit is set back to “0”. The MR1 AO bit for DLL control can be switched either during
initialization or later. Refer to section 8.8 “Input clock frequency change” on page 29.

The DLL-off Mode operations listed below are an optional feature for DDR3. The maximum clock
frequency for DLL-off Mode is specified by the parameter tCK(DLL_OFF). There is no minimum
frequency limit besides the need to satisfy the refresh interval, tReFI.

Due to latency counter and timing restrictions, only one value of CAS Latency (CL) in MRO and CAS
Write Latency (CWL) in MR2 are supported. The DLL-off mode is only required to support setting of
both CL=6 and CWL=6.

DLL-off mode will affect the Read data Clock to Data Strobe relationship (tbQsck), but not the Data
Strobe to Data relationship (tDQsQ, tQH). Special attention is heeded to line up Read data to controller
time domain.

Comparing with DLL-on mode, where tbQsck starts from the rising clock edge (AL+CL) cycles after
the Read command, the DLL-off mode tbQsck starts (AL+CL - 1) cycles after the read command.
Another difference is that tbQsck may not be small compared to tck (it might even be larger than tck)
and the difference between tbQsck min and tbQsck max is significantly larger than in DLL-on mode.

The timing relations on DLL-off mode READ operation is shown in the following Timing Diagram
(CL=6, BL=8):

RL (DLL_on) = AL + CL =6 (CL = 6, AL=0)

CL=6

DQS,DQS# (DLL_on)

DQ (DLL_on)
Q (DLL_om [———————— RL(DLL off)=AL+(CL-1) =5 ————————»

DQS,DQS# (DLL_off)

DQ (LL_off) (EIEIEE S EE D

tDQSCK(DLL_on)_max

DQS,DQS# (DLL_off)

DQ (DLL off I EEEEN NN E)

Note:
The tDQSCK is used here for DQS, DQS# and DQ to have a simplified diagram;
the DLL_off shift will affect both timings in the same way and the skew between

all DQ, and DQS, DQS# signals will still be tDQSQ. TRANSITIONING DATA ﬂ DON'T CARE

Figure 9 — DLL-off mode READ Timing Operation
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8.7 DLL on/off switching procedure

DDR3 DLL-off mode is entered by setting MR1 bit A0 to “1”; this will disable the DLL for subsequent
operations until AO bit is set back to “0”.

8.7.1 DLL “on” to DLL “off’ Procedure

To switch from DLL “on” to DLL “off” requires the frequency to be changed during Self-Refresh, as
outlined in the following procedure:

1.

N o 0ok WN

Starting from Idle state (All banks pre-charged, all timings fulfilled, and DRAMs On-die Termination
resistors, RTT, must be in high impedance state before MRS to MR1 to disable the DLL.)

. Set MR1 bit A0 to “1” to disable the DLL.

. Wait tMoD.

. Enter Self Refresh Mode; wait until (tCKSRE) is satisfied.

. Change frequency, in guidance with section 8.8 “Input clock frequency change” on page 29.
. Wait until a stable clock is available for at least (tCksrRXx) at DRAM inputs.

. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until all

tmoD timings from any MRS command are 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 until all tmoD timings from any MRS command are satisfied. If both ODT features
were disabled in the mode registers when Self Refresh mode was entered, ODT signal can be
registered LOW or HIGH.

. Wait txs, then set Mode Registers with appropriate values (especially an update of CL, CWL and

WR may be necessary. A ZQCL command may also be issued after txs).

. Wait for tmoD, then DRAM is ready for next command.

TO T1 TcO TdO Tdl TeO Tel TfO
CK#t ————~ re-= { Z’—\{——-\ - {——-\ - === ’
CK '_T_X_x__./ — !__./Q!__./ __./Q!__./ - —
kel | T AR/ 1/ B/ G 7 G
Command [Z77) MRS 77X NoP WX SRE® 77X NOP o X sRxs XX o KAPX MRs 7YX NoP YA XvALIDDG ]
*1 tmop tCKSRE *4 tCKSRX'™S xs tMoD
tCKESR
VALID®
o | | .- / VAT,
ODT: Static LOW in case Rtt_Nom and Rtt_WR is enabled, otherwise static Low or High
Notes:
1. Starting with Idle state, RTT in Hi-Z state g P
. - . TIME BREAK DON'T CARE
2. Disable DLL by setting MR1 Bit A0 to 1
3. Enter SR

4. Change Frequency

5. Clock must be stable tcksrx

6. Exit SR

7. Update Mode register with DLL off parameters setting
8. Any valid command

Figure 10 — DLL Switch Sequence from DLL-on to DLL-off
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8.7.2 DLL “off’ to DLL “on” Procedure
To switch from DLL “off” to DLL “on” (with required frequency change) during Self-Refresh:

1.

a A W DN

Starting from Idle state (All banks pre-charged, all timings fulfiled and DRAMs On-die Termination
resistors (RTT) must be in high impedance state before Self-Refresh mode is entered.)

. Enter Self Refresh Mode, wait until tCKSRE satisfied.
. Change frequency, in guidance with section 8.8 “Input clock frequency change” on page 29.
. Wait until a stable clock is available for at least (tcksrX) at DRAM inputs.

. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK

timing from 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 until tbLLK timings from subsequent DLL Reset command is
satisfied. If both ODT features are disabled in the mode registers when Self Refresh mode was
entered, ODT signal can be registered LOW or HIGH.

. Wait txs, then set MR1 bit AO to “0” to enable the DLL.
. Wait tMrD, then set MRO bit A8 to “1” to start DLL Reset.

. Wait tMRD, then set Mode Registers with appropriate values (especially an update of CL, CWL and

WR may be necessary. After tMoD satisfied from any proceeding MRS command, a ZQCL
command may also be issued during or after tDLLK.)

. Wait for tMmoD, then DRAM is ready for next command (Remember to wait tDLLK after DLL Reset

before applying command requiring a locked DLL!). In addition, wait also for tzQoper in case a
ZQCL command was issued.

TO Ta0 Tal TbO | TcO Tcl Tdo TeO Tl Tgo ThO
G g S - S 77777, 5. - - - - - ﬁ’“ﬁk"‘*@(_‘
CK = _ - _ - - —— ] — —— ] \
e 777 | ZAR% 7EN ZANG RIS GG
toLLk |
Command @( NOP )Q%( SRE™? )@( NOP )Q’ 9( SRx'ﬁd MRS™ )@9( MRS‘7>Q->< MRIS'B VALID™®
*1 ‘ ODTLDﬂ+‘1‘x!CK‘ tCKSRE 7 *3 ¥ toksrx " txs 7 tMRD tMRD ‘
tCKESR
oDT J I LA

ODT: Static LOW in case Rtt_Nom and Rtt_WR is enabled, otherwise static Low or High

Notes:

1. Starting with idle state F

> Enter SgR (g TIME BREAK DON'T CARE
3. Change Frequency

4. Clock must be stable tCKSRx

5. Exit SR

6. Set DLL on by MR1 A0 =0

7. Update Mode registers

8. Any valid command

Figure 11 — DLL Switch Sequence from DLL Off to DLL On
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8.8 Input clock frequency change

Once the DDR3 SDRAM s initialized, the DDR3 SDRAM requires the clock to be “stable” during
almost all states of normal operation. This means that, once the clock frequency has been set and is
to be in the “stable state”, the clock period is not allowed to deviate except for what is allowed for by
the clock jitter and SSC (spread spectrum clocking) specifications.

The input clock frequency can be changed from one stable clock rate to another stable clock rate
under two conditions: (1) Self-Refresh mode and (2) Precharge Power-down mode. Outside of these
two modes, it is illegal to change the clock frequency.

8.8.1 Frequency change during Self-Refresh

For the first condition, once the DDR3 SDRAM has been successfully placed in to Self-Refresh mode
and tCKSRE has been satisfied, the state of the clock becomes a don't care. Once a don't care,
changing the clock frequency is permissible, provided the new clock frequency is stable prior to
tcksrx. When entering and exiting Self-Refresh mode for the sole purpose of changing the clock
frequency, the Self-Refresh entry and exit specifications must still be met as outlined in see section
8.16 “Self-Refresh Operation” on page 68.

The DDR3 SDRAM input clock frequency is allowed to change only within the minimum and maximum
operating frequency specified for the particular speed grade. Any frequency change below the
minimum operating frequency would require the use of DLL_on mode -> DLL_off mode transition
sequence; refer to section 8.7 “DLL on/off switching procedure” on page 27.

8.8.2 Frequency change during Precharge Power-down

The second condition is when the DDR3 SDRAM is in Precharge Power-down mode (either fast exit
mode or slow exit mode). If the Rtt_Nom feature was enabled in the mode register prior to entering
Precharge power down mode, the ODT signal must continuously be registered LOW ensuring RTT is
in an off state. If the Rtt_Nom feature was disabled in the mode register prior to entering Precharge
power down mode, RTT will remain in the off state. The ODT signal can be registered either LOW or
HIGH in this case. A minimum of tCKSRE must occur after CKE goes LOW before the clock frequency
may change. The DDR3 SDRAM input clock frequency is allowed to change only within the minimum
and maximum operating frequency specified for the particular speed grade. During the input clock
frequency change, ODT and CKE must be held at stable LOW levels. Once the input clock frequency
is changed, stable new clocks must be provided to the DRAM tcksrx before Precharge Power-down
may be exited; after Precharge Power-down is exited and txpP has expired, the DLL must be RESET
via MRS. Depending on the new clock frequency, additional MRS commands may need to be issued
to appropriately set the WR, CL, and CWL with CKE continuously registered high. During DLL re-lock
period, ODT must remain LOW and CKE must remain HIGH. After the DLL lock time, the DRAM is
ready to operate with new clock frequency. This process is depicted in Figure 12 on page 30.
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Previous clock frequency New clock frequency

Tdo Td1l
CK#————— -

-
:}\—/*
e

ek

[4— tCKE

tIH tis
[
kel | V/J:
tCPDED >
Command@( NOP >@< NOP >@< NOP
T

Address V

{AOFPD / tAOF

v

oDT

DQS, DQS# [ AN — igh-z
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Notes:
1.
2.
3.

Applicable for both SLOW EXIT and FAST EXIT Precharge Power-down.

tAOFPD and tAOF must be satisfied and outputs High-Z prior to T1; refer to ODT timing section for exact requirements.

If the Rtt_Nom feature was enabled in the mode register prior to entering Precharge power down mode, the ODT signal must
continuously be registered LOW ensuring RTT is in an off state, as shown in Figure 9. If the Rtt_Nom feature was disabled in

the mode register prior to entering Precharge power down mode, RTT will remain in the off state. The ODT signal can be
registered either LOW or HIGH in this case.

Figure 12 — Change Frequency during Precharge Power-down
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8.9 Write Leveling

For better signal integrity, the DDR3 memory module adopted fly-by topology for the commands,
addresses, control signals, and clocks. The fly-by topology has benefits from reducing 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, tDss, and tbsH specification.
Therefore, the DDR3 SDRAM supports a ‘write leveling’ feature to allow the controller to compensate
for skew.

The memory controller can use the ‘write leveling’ feature and feedback from the DDR3 SDRAM to
adjust the DQS - DQS# to CK - CK# relationship. The memory controller involved in the leveling must
have adjustable delay setting on DQS - DQS# to align the rising edge of DQS - DQS# with that of the
clock at the DRAM pin. The DRAM asynchronously feeds back CK - CK#, sampled with the rising
edge of DQS - DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# until a
transition from 0 to 1 is detected. The DQS - DQS# delay established though this exercise would
ensure tbQss specification.

Besides tDQsS, tbss and tbsH specification also needs to be fulfilled. One way to achieve this is to
combine the actual tbQss in the application with an appropriate duty cycle and jitter on the DQS -
DQS# signals. Depending on the actual tbQss in the application, the actual values for tbQsL and tDQSH
may have to be better than the absolute limits provided in section 10.16 “AC Characteristics” in
order to satisfy tbss and tDSH specification. A conceptual timing of this scheme is shown in Figure 13.

T3 T4 T5 T6 T7

X_X A XA XA XA XA

Source CK# == == 1
CK

Diff_DQS

L
_\ ‘
TO . T3 T4 T5 T6

Destination CK#

Diff_DQS
DQ | Oor1l \ 0 X 0 X 0 |
Push DQS to capture 0-1 X
ot 5OS 7\ S\ /\
DQ | Oorl X 1 X 1 X 1

Figure 13 — Write Leveling Concept

DQS - DQS# driven by the controller during leveling mode must be terminated by the DRAM based on
ranks populated. Similarly, the DQ bus driven by the DRAM must also be terminated at the controller.

One or more data bits should carry the leveling feedback to the controller across the DRAM
configurations x4, x8 and x16. On a x16 device, both byte lanes should be leveled independently.
Therefore, a separate feedback mechanism should be available for each byte lane. The upper data
bits should provide the feedback of the upper Diff_DQS(Diff_UDQS) to clock relationship whereas the
lower data bits would indicate the lower Diff_DQS(Diff_LDQS) to clock relationship.
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8.9.1 DRAM setting for write leveling & DRAM termination function in that mode

DRAM enters into Write leveling mode if A7 in MR1 set ‘High’ and after finishing leveling, DRAM exits
from write leveling mode if A7 in MR1 set ‘Low’ (Table 3). Note that in write leveling mode, only
DQS/DQS# terminations are activated and deactivated via ODT pin, unlike normal operation (Table 4).

Table 3 — MR setting involved in the leveling procedure

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) Al12 0 1

Table 4 — DRAM termination function in the leveling mode

ODT pin @DRAM DQS/DQS# termination DQs termination
De-asserted Off Off
Asserted On Off

Note:

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

8.9.2 Write Leveling Procedure

The Memory controller initiates Leveling mode of all DRAMs by setting bit 7 of MR1 to 1. When
entering write leveling mode, the DQ pins are in undefined driving mode. During write leveling mode,
only NOP or DESELECT commands are allowed, as well as an MRS command to change Qoff bit
(MR1[A12]) and an MRS command to exit write leveling (MR1[A7]). Upon exiting write leveling mode,
the MRS command performing the exit (MR1[A7]=0) may also change MR1 bits of A12, A9, A6, A5,
A2 and Al. Since the controller levels one rank at a time, the output of other ranks must be disabled
by setting MR1 bit A12 to 1. The Controller may assert ODT after tMoD, at which time the DRAM is
ready to accept the ODT signal.

The Controller may drive DQS low and DQS# high after a delay of twLDQSEN, at which time the DRAM
has applied on-die termination on these signals. After tbQsL and twLMRD, the controller provides a
single DQS, DQS# edge which is used by the DRAM to sample CK - CK# driven from controller.
twLMRD(max) timing is controller dependent.

DRAM samples CK - CK# status with rising edge of DQS - DQS# and provides feedback on all the DQ
bits asynchronously after twLo timing. Either one or all data bits ("prime DQ bit(s)") provide the leveling
feedback. The DRAM's remaining DQ bits are driven Low statically after the first sampling procedure.
There is a DQ output uncertainty of twLOE defined to allow mismatch on DQ bits. The twLOE period is
defined from the transition of the earliest DQ bit to the corresponding transition of the latest DQ bit.
There are no read strobes (DQS/DQS#) needed for these DQs. Controller samples incoming DQ and
decides to increment or decrement DQS - DQS# delay setting and launches the next DQS/DQS#
pulse after some time, which is controller dependent. Once a 0 to 1 transition is detected, the
controller locks DQS - DQS# delay setting and write leveling is achieved for the device. Figure 14
describes the timing diagram and parameters for the overall Write Leveling procedure.
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Notes:

DRAM has the option to drive leveling feedback on a prime DQ or all DQs. If feedback is driven only on one DQ, the
remaining DQs must be driven low, as shown in above Figure, and maintained at this state throughout the leveling procedure.

MRS: Load MR1 to enter write leveling mode.
NOP: NOP or Deselect.

Diff_DQS is the differential data strobe (DQS, DQS#). Timing reference points are the zero crossings. DQS is shown with
solid line, DQS# is shown with dotted line.

CK, CK#: CK is shown with solid dark line, where as CK# is drawn with dotted line.

DQS, DQS# needs to fulfill minimum pulse width requirements tbQSH(min) and tDQSL(min) as defined for regular Writes; the
max pulse width is system dependent.

1.

Figure 14 — Timing details of Write leveling sequence [DQS - DQS# is capturing CK - CK# low at
T1 and CK - CK# high at T2]
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8.9.3 Write Leveling Mode Exit
The following sequence describes how the Write Leveling Mode should be exited:

1. After the last rising strobe edge (see ~TO0), stop driving the strobe signals (see ~Tc0). Note: From
now on, DQ pins are in undefined driving mode, and will remain undefined, until tMmoD after the
respective MR command (Tel).

2. Drive ODT pin low (tis must be satisfied) and continue registering low. (see ThO0).
3. After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).

4. After tMoD is satisfied (Tel), any valid command may be registered. (MR commands may be
issued after tMRD (Td1).

EZX op XK e YK wor

Address [/

Command

Sl 7/ 7 . 7

OD"II'Lfo
RTT_DQS_DQSH# | Rtt_Nom Il
oSIL I G U \'\ 777777
RTT_DQ tWLO + tWLOE //
i

DQ! | /4/ // resull:l//

l:‘ UNDEFINED DRIVING MODE TRANSITIONING g TIME BREAK DON'T CARE

Note:
1. The DQ result = 1 between Ta0 and TcO is a result of the DQS, DQS# signals capturing CK high just after the TO state.

Figure 15— Timing details of Write leveling exit
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8.10 Multi Purpose Register

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing calibration
bit sequence. The basic concept of the MPR is shown in Figure 16.

Memory Core
(all banks precharged)

AN

MR3 [A2]

Multipurpose register
Pre-defined data for Reads
7 -~
7

7/
/
/

N2 ¥

DQ, DM, DQS, DQS#

Figure 16 — MPR Block Diagram

To enable the MPR, a Mode Register Set (MRS) command must be issued to MR3 Register with bit
A2 =1, as shown in Table 5. Prior to issuing the MRS command, all banks must be in the idle state (all
banks precharged and tRP met). Once the MPR is enabled, any subsequent RD or RDA commands
will be redirected to the Multi Purpose Register. The resulting operation, when a RD or RDA command
is issued, is defined by MR3 bits A[1:0] when the MPR is enabled as shown in Table 6. When the
MPR is enabled, only RD or RDA commands are allowed until a subsequent MRS command is issued
with the MPR disabled (MR3 bit A2 = 0). Note that in MPR mode RDA has the same functionality as a
READ command which means the auto precharge part of RDA is ignored. Power-Down mode, Self-
Refresh, and any other non-RD/RDA command is not allowed during MPR enable mode. The RESET
function is supported during MPR enable mode.

Table 5 — MPR Functional Description of MR3 Bits

MR3 A[2] MR3 A[1:0] Function
MPR MPR-Loc
. Normal operation, no MPR transaction
don't care .
0b (Ob or 1b) All subsequent Reads will come from DRAM array
All subsequent Write will go to DRAM array
1b See Table 6 Enable MPR mode, subsequent RD/RDA commands defined by MR3 A[1:0]
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8.10.1 MPR Functional Description
« One bit wide logical interface via all DQ pins during READ operation.

« Register Read:
— DQL[0] and DQUIO0] drive information from MPR.
— DQL[7:1] and DQUI[7:1] either drive the same information as DQL[Q], or they drive Ob.
« Addressing during for Multi Purpose Register reads for all MPR agents:
— BA[2:0]: Don't care
— A[1:0]: A[1:0] must be equal to ‘00’b. Data read burst order in nibble is fixed
— A[2]: AJ2] selects the burst order
For BL=8, A[2] must be equal to Ob, burst order is fixed to [0,1,2,3,4,5,6,7], *)
For Burst Chop 4 cases, the burst order is switched on nibble base
A[2]=0b, Burst order: 0,1,2,3 *)
A[2]=1b, Burst order: 4,5,6,7 *)
— A[9:3]: Don't care
— A10/AP: Don't care
— A12/BC#: Selects burst chop mode on-the-fly, if enabled within MRO
— Al1, A13: Don't care
« Regular interface functionality during register reads:
— Support two Burst Ordering which are switched with A2 and A[1:0]=00b.
— Support of read burst chop (MRS and on-the-fly via A12/BC#)

— All other address bits (remaining column address bits including A10, all bank address bits) will
be ignored by the DDR3 SDRAM.

— Regular read latencies and AC timings apply.

— DLL must be locked prior to MPR Reads.
Note: *) Burst order bit O is assigned to LSB and burst order bit 7 is assigned to MSB of the selected MPR agent.
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8.10.2 MPR Register Address Definition

Table 6 provides an overview of the available data locations, how they are addressed by MR3 A[1:0]
during a MRS to MR3, and how their individual bits are mapped into the burst order bits during a Multi
Purpose Register Read.

Table 6 — MPR Readouts and Burst Order Bit Mapping

Read
MR3 A[2] | MR3 A[1:0] Function B Address Burst Order and Data Pattern
Length .
A[2:0]
Burst order 0,1,2,3,4,5,6,7
BL8 000b .
Pre-defined Data Pattern [0,1,0,1,0,1,0,1]
-defi Burst order 0,1,2,3
1b 00b Read Pre deflne_d Pa_ttern BC4 000b . urst order
for System Calibration Pre-defined Data Pattern [0,1,0,1]
BC4 100b Eurst order 4,5,6,7
Pre-defined Data Pattern [0,1,0,1]
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 01b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 10b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 11b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7

Note: Burst order bit O is assigned to LSB and the burst order bit 7 is assigned to MSB of the selected MPR agent.

8.10.3 Relevant Timing Parameters

The following AC timing parameters are important for operating the Multi Purpose Register: trRP, tMRD,
tmoD, and tMPRR. For more details refer to section 10.16 “AC Characteristics” on page 140.

8.10.4 Protocol Example
Protocol Example (This is one example):

Read out pre-determined read-calibration pattern.

Description: Multiple reads from Multi Purpose Register, in order to do system level read timing
calibration based on pre-determined and standardized pattern.

Protocol Steps:
« Precharge All.
« Wait until trRp is satisfied.
« Set MRS, “MR3 A[2] = 1b” and “MR3 A[1:0] = 00b”.
This redirects all subsequent reads and load pre-defined pattern into Multi Purpose Register.

« Wait until tMrRD and tmMoD are satisfied (Multi Purpose Register is then ready to be read). During the
period MR3 A[2] =1, no data write operation is allowed.

Publication Release Date: Apr. 09, 2019
Revision: A02
-37-



W632GG6NB
'/ / winbond /] 4

o Read:
A[1:0] = ‘00’b (Data burst order is fixed starting at nibble, always 00b here)
A[2] = ‘O’b (For BL=8, burst order is fixed as 0,1,2,3,4,5,6,7)
A12/BC# = 1 (use regular burst length of 8)
All other address pins (including BA[2:0] and A10/AP): don't care
« After RL = AL + CL, DRAM bursts out the pre-defined Read Calibration Pattern.

« Memory controller repeats these calibration reads until read data capture at memory controller is
optimized.

« After end of last MPR read burst, wait until tMPRR is satisfied.
o Set MRS, “MR3 A[2] = 0b” and “MR3 A[1:0] = don't care” to the normal DRAM state.

All subsequent read and write accesses will be regular reads and writes from/to the DRAM array.
« Wait until tMRD and tmMOD are satisfied.

o Continue with “regular” DRAM commands, like activate a memory bank for regular read or write
access,...
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Figure 17 — MPR Readout of pre-defined pattern, BL8 fixed burst order, single readout
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Figure 18 - MPR Readout of pre-defined pattern, BL8 fixed burst order, back-to-back readout
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Figure 19 — MPR Readout pre-defined pattern, BC4, lower nibble then upper nibble
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Figure 20 — MPR Readout of pre-defined pattern, BC4, upper nibble then lower nibble
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8.11 ACTIVE Command

The ACTIVE command is used to open (or activate) a row in a particular bank for a subsequent
access. The value on the BAO-BA2 inputs selects the bank, and the address provided on inputs AO-
A13 selects the row. This row remains active (or opens) 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.

8.12 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 a specified time (trRP) after
the PRECHARGE command is issued, except in 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. Once a bank has been
precharged, it is in the idle state and must be activated prior to any READ or WRITE commands being
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.
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8.13 READ Operation

8.13.1 READ Burst Operation
During a READ or WRITE command, DDR3 will support BC4 and BL8 on the fly using address Al12
during the READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

Al12 =0, BC4 (BC4 = burst chop, tccb = 4)
Al12 =1, BL8
A12 is used only for burst length control, not as a column address.

DQS, DQS# —— - D G G a5 G &

L L
DQ*Z Dout -7 Dout \7/ Dout §-7 Dout -7 Dout -7 Dout -7 Dout §-7 Dout
n AN\ vt A ne2 2N nes AN nea SN e £\ e £\ ne7

CL=6

RL=AL+CL

7
TRANSITIONING DATA DON'T CARE

Notes:

1. BL8, RL=6,AL=0,CL =6.

2. Dout n = data-out from column n.

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BLS setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

Figure 21 — READ Burst Operation RL =6 (AL =0, CL =6, BL8)

|
\
Command*® [N reap Ye72X_ noe
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Address** [727%" Bk

DQS, DQS#

L L s L
DQ*Z Dout \.7 Dout \.7 Dout \-7 Dout \;-/ Dout \.7 Dout \.-7 Dout \-7 Dout
n_ [ 04l AN n#2 [0\ 043 [\ ntd Lo\ nt5 A0\ nt6 LI\ neT

AL=5 CL=6

RL=AL+CL

L L
[y
gg TIME BREAK TRANSITIONING DATA DON'T CARE

Notes:

1. BL8, RL=11,AL=(CL-1),CL=6.

2. Dout n = data-out from column n.

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

Figure 22 — READ Burst Operation RL =11 (AL =5, CL =6, BL8)
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8.13.2 READ Timing Definitions
Read timing is shown in Figure 23 and is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

« tDQsck min/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
« IDQSCK is the actual position of a rising strobe edge relative to CK, CK#.

« tQsH describes the DQS, DQS# differential output high time.

« tDQSQ describes the latest valid transition of the associated DQ pins.

« tQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:

o tQsL describes the DQS, DQS# differential output low time.

« tDQSQ describes the latest valid transition of the associated DQ pins.

« tQH describes the earliest invalid transition of the associated DQ pins.

tDQsQ; both rising/falling edges of DQS, no tAcC defined.

CK#  ————

\ /
CK 4} \ ____ A
tDQSCK(min) tDQSCK(min)

|<\_,

I tDQSCK(max) | tDQSCK(max)
| ) | )

| [——>] | [——»]

| | | |

| | | |

| | | |

| | | |

| | | |

Rising Strobe Rising Strobe
Region Region
tbQsck / tbQsck
[ —> <

DQS# ————\ A
\/ a/ \/
DQS 4/) \__/\_/?\

Associated
DQ Pins

Figure 23 — READ Timing Definition
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8.

13.2.1 READ Timing; Clock to Data Strobe relationship

Clock to Data Strobe relationship is shown in Figure 24 and is applied when the DLL is enabled and
locked.

Rising data strobe edge parameters:

tbQsck min/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
tDQSCK is the actual position of a rising strobe edge relative to CK, CK#.

tQsH describes the data strobe high pulse width.

Falling data strobe edge parameters:

tQsL describes the data strobe low pulse width.

tLZ(DQS), tHZ(DQS) for preamble/postamble (see section 8.13.2.3 and Figure 26).

RL Measured
to this point
-—_—— —_—— —_—— —_—— —_— —_——
RS G D A G S G S G S G S
—_—— —_— —_— —_— —_— [ \
tDQSCK m|n) tDQSCK min) tDQSCK(min)| tDQSCK(mMIn)| .
—>| [ — [ — <— —>| [ 4— tHZ(DQS)mIn
tLZ(DQS)MIN L IQSH tost | JtosH tost | JtQSH _ tQsL |
—p £ — < Lt Ll Lt L P
DQS, DQS# T i VTV Y -0
Erly Strobe N Y/ A L~ — —

tRPRE

Bit0 Bit1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit7
—> [4— tHZ(DQS)max
tDQSCK(max) tDQSCK(max) tDQSCK(max) tDQSCK(max)
tLZ(DQS)Max —p [— —> — —» < —> <— —>

pQs,bes# Lm0 T=== /T —T N —7 N
Late Strobe N _ _— )

La < L Ll La
tQsH | tQsL tQsH | tQsL tQsH | tQsL

tRPRE

A

L

Bit 0 Bit1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit7

Notes:

1.

© N o g

Within a burst, rising strobe edge is not necessarily fixed to be always at tDQSCK(min) or tDQSCK(max). Instead, rising strobe
edge can vary between tbQSCK(min) and tDQSCK(max).

Not with standing note 1, a rising strobe edge with tDQSCK(max) at T(n) can not be immediately followed by a rising strobe
edge with tDQSCK(min) at T(n+1). This is because other timing relationships (tQSH, tQSL) exist:

if tbQscK(n+1) < 0:

tDQSCK(n) < 1.0 tCK - (tQSHmMiIN + tQSLMiInN) - | tDQSCK(n+1) |
The DQS, DQS# differential output high time is defined by tQSH and the DQS, DQS# differential output low time is defined by
tQSL.

Likewise, tLZ(DQS)min and tHZ(DQS)min are not tied to tDQSCK,min (early strobe case) and tLZ(DQS)max and tHZ(DQS)max
are not tied to tDQSCK,max (late strobe case).

The minimum pulse width of read preamble is defined by tRPRE(min).

The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHzDSQ(max) on the right side.
The minimum pulse width of read postamble is defined by tRPST(min).

The maximum read preamble is bound by tLzDQS(min) on the left side and tDQSCK(max) on the right side.

Figure 24 — Clock to Data Strobe Relationship
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8.13.2.2 READ Timing; Data Strobe to Data relationship

The Data Strobe to Data relationship is shown in Figure 25 and is applied when the DLL is enabled
and locked.

Rising data strobe edge parameters:

« tDQsSQ describes the latest valid transition of the associated DQ pins.
« tQH describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:

« tDQSQ describes the latest valid transition of the associated DQ pins.
« tQH describes the earliest invalid transition of the associated DQ pins.

tDQSQ; both rising/falling edges of DQS, no tAc defined.

Address** V//’

DQS, DQS#

DQ*2 (Last data valid)

DQ*?2 (first data no longer valid)

—
TRANSITIONING DATA VA DON'T CARE

@ 2

All DQs collectively

Notes:

1. BL=8,RL=6(AL=0, CL = 6).

2. Dout n = data-out from column n.

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

5. Output timings are referenced to VDDQ/2, and DLL on for locking.

6. tDQSQ defines the skew between DQS, DQS# to Data and does not define DQS, DQS# to Clock.

7. 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.

Figure 25 — Data Strobe to Data Relationship
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8.13.2.3 tLz(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHz and tLz 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 begins driving tLZ(DQS), tLZ(DQ). Figure 26 shows a method to calculate the point when
the device is no longer driving tHz(DQS) and tHZ(DQ), or begins driving tLz(DQS), tLZ(DQ), by measuring
the signal at two different voltages. The actual voltage measurement points are not critical as long as
the calculation is consistent. The parameters tLz(DQS), tLZ(DQ), tHz(DQS), and tHZ(DQ) are defined as
singled ended.

tHZ(DQS), tHZ(DQ) with BL8: CK — CK# rising crossing at RL + 4 nCK
tHZ(DQS), tHZ(DQ) with BC4: CK — CK# rising crossing at RL + 2 nCK

tLZ(DQS): CK — CK# rising crossing at RL - 1
tLZ(DQ): CK — CK# rising crossing at RL

tLz tHZ

VIT+2xmV-—-———-——1—— A VOH - x mV

VIT +XmV--—-———--

L N B VOH - 2x mV

- —tLZ(DQS), tLZ(DQ) tHZ(DQS), tHz\fDQ)

VIT-xmV-----——- s~ N | Ay VoL + 2x mV
VIT-2xmV---——-—---— w0 N S VoL + x mV
tLZ(DQS), tLZ(DQ) begin point=2*T1 - T2 tHZ(DQS), tHZ(DQ) end point =2 *T1 - T2

Figure 26 —tLz and tHz method for calculating transitions and endpoints
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8.13.2.4 trRPRE Calculation
The method for calculating differential pulse widths for tRPRE is shown in Figure 27.

CK

ck# §— -/

DQS § N
Single ended signal, provided 1\&
as background information

tc

DQS# § —— —— — \‘i Hom e - N A VIT — — —

Single ended signal, provided
as background information

1
tRPRE_begin
tRPRE

DQS - DQS# § = K——————— 0———-
Resulting differential signal,
relevant for tRPRE specification \" t2

3 » tRPRE_end

Figure 27 — Method for calculating tRPRE transitions and endpoints

8.13.2.5 trPsST Calculation
The method for calculating differential pulse widths for tRPST is shown in Figure 28.

QS — — — ¥ ——— §— VTT — — —

Single ended signal, provided
as background information

&———\\ | T T A
DQS#——————————— — — — L —— 1o i ——g VTT — — —
Single ended signal, provided \
as background information — /

|

v

tRPST
DQS-DQS# ————— 4 ————— - & —0 ——-
Resulting differential signal, .
relevant for tRPST specification tRPST_begin \"
| 2
tRPST_end

Figure 28 — Method for calculating tRPST transitions and endpoints
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T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 T12 T13
_—— _—— _—— _—— | — — _—— _——

T14
Il Il l, ll / l, , ==

CK —_— . — \ — I \ — I \ — I N — I \ — I \ — ~I — I N — I - —-

Command”3@(READ>@< NOP >@< oP >@< NOP @(READ)@( NOP @ NOP >@< NOP @ NOP @( NOP >@< NOP )@( NOP @ NOP >®< NOP @ NOP )@

|« <0 >l | [ [ [ [ | | | | | [
Address*"@( Dok X T e & T T : . o I,r"// .”/ I;"'// ./ {// f’fl/ g
« RPRE | | | | | | I 1255

DQS, DQSH A X X —
l | | | 1 | | |
DQ e e e e (o e e e e ey e e (o)

RL=6 N
‘ RL=6 -~
NOTES: 1.BL8,RL=6(CL =6, AL=0).
2. Dout n (or b) = data-out from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ commands at TO and T4. TRANSITIONING DATA DON'T CARE

Figure 29 — READ (BL8) to READ (BL8)

T1 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15
CK#t———— Ir—- - |- - |—— —— |- — |- — |- — - |- — |- — |—— |- —
cK __ N _ S N __ _ _ _ _ S N _ _ 2 _ i N _ 1 L
| | | | | | | | | | | |
Command™ @(READ)@( NOP NOP )@( NOP )@(READ)@( NOP )@( NOP @ NOP >@< NOP NOP )@( NOP >@( NOP NOP )@( NOP >@< NOP )@
| . | o ] IR

wisvess* [N BENT 77777777777 N RN T2 77 77 77 777 777 7777 7 77 77 77 77 77 77 7 77 77 77 P 77 7 7
« FPRE | | | | | | &Pt

DQS, Qs \}\ G SIS D GH G SIS W SHD Wi R SIS W SIS W GH Gl SN W
| | | | | ] |
DQ*? i S () (o (N DD

) m i RL=6

NOTES: 1.BL8,RL=6(CL=6, AL =0), tcCD =5.
2. Dout n (or b) = data-out from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ commands at TO and T5. gg TIME BREAK TRANSITIONING DATA ﬂ DON'T CARE
5. DQS-DQS# is held logic low at T10.

Figure 30 — Nonconsecutive READ (BL8) to READ (BL8), tccb=5
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Command™? @( READ )@( )@( )@( )@( READ

tccb

;l

Bank
Coln

Address™ @(

X///

L

K

DQS, DQS#

Dout \+ / Dout \- /" Dout

DQ™

RL=6

n_/-\ n+l Ao\ n+2 /-

| tRPST

|,——-\
O

tRPRE

- - - /A

Dout

n+3 4

NOTES: 1.BC4,RL=6(CL=6,AL=0)

2. Dout n (or b)

= data-out from column n (or column b).

RL=6

b

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BC4 setting activated by either MRO A[1:0] =

10 or MRO A[1:0]

=01 and A12 = 0 during READ commands at TO and T4.

Dout \+

]
SR G S G

Dout \ -
A\ bl 4]

| tRPST

Dout

Dout

b+2 /-\ b+3

TRANSITIONING DATA DON'T CARE

Figure 31 — READ (BC4) to READ (BC4)

READ to WRITE Command Delay = RL + tccD + 2tck - WL

Address™ @(

E?Fk X/'////;’(Yf’

tRPRE I

A

DQS, DQS#

“

DQ™

RL=6

WL =5

T

A4

NOTES: 1.BL8, RL=6 (CL=6, AL=0), WL=5(CWL =5, AL=0)
2. Dout n = data-out from column, Din b = data-in from column b.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BL8 setting activated by either MRO A[1:0] =

00 or MRO A[1:0]

=01 and A12 = 1 during READ command at TO and WRITE command at T7.

>
1

| N o | | 4clécks | | ‘&
> | | | < | > twir
| | | | | | | | ¢

s S ]

- | I I trPsT WPRE | | | I twpsT

> I _ I _ | _ — — I _ I _ I _ —_2
T G b G s G (e o0 b 7772,/ 0 G0 b G50 b G e 0 i 077
Y e (NEKENERENENEND—

gg TIME BREAK TRANSITIONING DATA [.] DONT CARE

Figure 32 — READ (BL8) to WRITE (BL8)
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READ to WRITE Command Delay = RL +tccp/ 2 + 2tck - WL > |

Address”‘@( a""Xr"'( J,./_'_.-'"’:,.-"'“/'! T

TN BN 7777 7T,

I
s

tRPRE

DQS, DQS#

(e o i i

:____, - |<_—>

DQ"?

Dou‘)(Dout (Dout).{
n_/-\ ntl /-\ n+2 /*

[~ T

WL =5

NOTES: 1. BC4,RL=6 (CL=6,AL=0), WL=5 (CWL =5, AL =0)
2. Dout n = data-out from column, DIN b = data-in from column b.

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO and WRITE command at T5.

gg TIME BREAK TRANSITIONING DATA [] DON'T CARE

Figure 33 — READ (BC4) to WRITE (BC4) OTF

T1 T2

TO
CK#———— lr == - -
\—

Command” @(READ)@( NOP

NOP

tccb

Address™ [+7X Ba{‘k X" T T

X Sz."s X ,f:f' o

|
,/}"' 7, )

DQS, DQS#

N — — N —

tRPST,
|4—>

| |
Dou!)( Dout )( Dout §
b [\ b+l [\ b2 f\ b3 [/

DQ™

NOTES: 1.RL=6(CL=6,AL=0).

2. Dout n (or b) = data-out from column n (or column b).

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

BC4 setting activated by MRO A[1:0]

=01 and A12 = 0 during READ command at T4.

TRANSITIONING DATA F.#] DONT CARE

Figure 34 — READ (BL8) to READ (BC4) OTF
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T0
CK#————

Command'3 @(READ)@( NOP >@< NOP )@( NOP )@(READ)@(

tccp

Bank Bank
Address™ [7X Ca{‘n X Pk

tRPRE | | trpsT | tRPRE | | | | trPsT

|y . — [ —. e ——— —— (ppng

| | ]
D ) Dout '/ Dout \.7 Dout \/ Dout ) Dout \,*/ Dout \.7 Dout \'/ Dout Dout X.7 Dout Dout \/ Dout
Q RL=6 n f.\ n+l AN\ n+2 /N n+3 b /.\ b+l £*\ b+2 /.\ b+3 F.\ b+d 4"\ b+5 /.\ b+6 f.\ b+7
< > RL=6 -
NOTES: 1.RL=6(CL=6,AL=0)

2. Doutn (or b) =
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BC4 setting activated by MRO A[1:0]
BL8 setting activated by MRO A[1:0]

data-out from column n (or column b).

=01 and A12 = 0 during READ command at TO.

=01 and A12 = 1 during READ command at T4. TRANSITIONING DATA [F] DON'T CARE

Figure 35 — READ (BC4) to READ (BL8) OTF

emec s

| 4clocks |

Address™ @(

IIIIIII 10

TtwpsT

(X

DQS, DQS# l - | | | | |
DQ* ] e - D‘;“')Kasi‘xf;‘:z')< 2‘:;')—( b)( B NI,
) I . WL=5 |
NOTES: 1.RL=6 (CL=6,AL=0), WL=5 (CWL =5, AL=0)

2.
3.
4.

Dout n = data-out from column, Din b = data-in from column b.
NOP commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T5. gg TIME BREAK TRANSITIONING DATA EJ DONT CARE

Figure 36 — READ (BC4) to WRITE (BL8) OTF
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@( NOP @(NOP @ NOP )@

READ to WRITE Command Delay = RL + tccp + 2tck - WL | N | | | o | L4 cItIJcks o WR
» _ | L, | | ! D | | i
ndtress PR BEYTZZ 77 AT BN ALILISISIIS 7]

tRPRE | | | | trRpsT | twPRE | | | twpsT

| | | [py—— < > |

DQS, DQSH \\\ T X XY X XX X ) QD A

A

| ' .
Tl G EIENI NI e E DTG EN D,
1 > i /

WL=5 N

*:

DQ?

NOTES: 1.RL=6 (CL=6,AL=0), WL=5(CWL =5, AL =0)
2. Dout n = data-out from column, Din b = data-in from column b.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO. \
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T7. TIME BREAK TRANSITIONING DATA [] DON'T CARE

Figure 37 — READ (BL8) to WRITE (BC4) OTF
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8.13.2.6 Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP being the Internal Read
Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS.MIN must be satisfied as well. The minimum value for the
Internal Read Command to Precharge Command Delay is given by tRTP.MIN = max(4 x nCK, 7.5 nS). A new bank active command may be issued to the
same bank if the following two conditions are satisfied simultaneously:

1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.
2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.

Examples of Read commands followed by Precharge are show in Figure 38 and Figure 39.

Bank a, Bank a, Bank a,
Address V o X“/ (or all) X,'-""( How b
T
. tRTP D 1RP ! ! I |

T 1

[ [

t t
RL=AL+CL=9 : :

[ [

[ I_

T
|
|
|
i |
BL4 Operation: PR — -—A -
DQS, DQS# /\ /_X_/\ I
——1 | |
DQ P e o :
| | |
| | |

BL8 Operation: ,————n —-_— R —— ——
DQS, DQS# XXX —

DQ

NOTES: 1.RL=9 (CL=9, AL =0)
2. Dout n = data-out from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. The example assumes tRAS.MIN is satisfied at Precharge command time (T5) and that tRC.MIN is satisfied at the next Active command time (T14). TRANSITIONING DATA EE DON'T CARE

Figure 38 — READ to PRECHARGE (RL =9, AL =0, CL =9, tRTP =4, tRP = 9)
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T0 T1 T2 T13 T14 T21 T24 T25 T26 T27 T28 T29 T30 T31 T34 T35
CK# ———— I | _ [/ [ — - l_ [ l_ I'__ I'__ I'__ I'__ - I__ ;
CK - — \ — — - \ — — \__,I - - \__,I \_‘i \__,I \__.I \ — - [
YA nor PRE Nor WX mor XX X2X ior NoR

| |
Command @( NOP )@( READ)@( NOP NOP

Address [+,

Bank a,
Coln

S

Bank a,
(or all)y

, AL=CL-2=12

tRTP

>

T
|
T
cL=14 !
|
|
|

Dout

n+3

|

) | | ,
DOS, DQSH BL4 Operation: \\ “ \\ — "/i\}\':)\ —
: \\ ] —
DOS. DOSH BL8 Operation: \ ” n ,————n :,_ - :
e | — o0 o
o T 1 T CREER

|
Dout )_( Dout )_( Dout >< Dout)( Dout Y
n+3 /:\ n+a £\ nt5 £\ n+6 /.

n+7 4

NOTES: 1. RL=26 (CL=14, AL=CL-2)
2. Dout n = data-out from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. The example assumes tRAS.MIN is satisfied at Precharge command time (T21) and that tRC.MIN is satisfied at the next Active command time (T35).

gg TIME BREAK TRANSITIONING DATA [F{ DON'T CARE

Figure 39 - READ to PRECHARGE (RL =26, AL = CL-2, CL =14, tRTP = 8, tRP = 14)
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8.14 WRITE Operation

8.14.1 DDR3Burst Operation

During a READ or WRITE command, DDR3 will support BC4 and BL8 on the fly using address A12
during the READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

Al12 =0, BC4 (BC4 = burst chop, tccb = 4)
Al12 =1, BL8
A12 is used only for burst length control, not as a column address.

8.14.2 WRITE Timing Violations
8.14.2.1 Motivation

Generally, if timing parameters are violated, a complete reset/initialization procedure has to be
initiated to make sure that the DRAM works properly. However, it is desirable; for certain minor
violations, that the DRAM is guaranteed not to “hang up”, and that errors are limited to that particular
operation.

For the following, it will be assumed that there are no timing violations with regards to the Write
command itself (including ODT, etc.) and that it does satisfy all timing requirements not mentioned
below.

8.14.2.2 Data Setup and Hold Violations

Should the data to strobe timing requirements (tDs, tbH) be violated, for any of the strobe edges
associated with a write burst, and then wrong data might be written to the memory location addressed
with this WRITE command.

In the example (Figure 40 on page 58), the relevant strobe edges for write burst A are associated with
the clock edges: T5, T5.5, T6, T6.5, T7, T7.5, T8, T8.5.

Subsequent reads from that location might result in unpredictable read data, however the DRAM wiill
work properly otherwise.

8.14.2.3 Strobe to Strobe and Strobe to Clock Violations

Should the strobe timing requirements (tbQsH, tbQsL, twPRE, twpPST) or the strobe to clock timing
requirements (tDSs, tDSH, tbQsS) be violated, for any of the strobe edges associated with a Write burst,
then wrong data might be written to the memory location addressed with the offending WRITE
command. Subsequent reads from that location might result in unpredictable read data, however the
DRAM will work properly otherwise.

In the example (Figure 48 on page 62) the relevant strobe edges for Write burst n are associated with
the clock edges: T4, T4.5, T5, T5.5, T6, T6.5, T7, T7.5, T8, T8.5 and T9. Any timing requirements
starting or ending on one of these strobe edges need to be fulfilled for a valid burst. For Write burst b
the relevant edges are T8, T8.5, T9, T9.5, T10, T10.5, T11, T11.5, T12, T12.5 and T13. Some edges
are associated with both bursts.

8.14.2.4 Write Timing Parameters

This drawing is for example only to enumerate the strobe edges that “belong” to a Write burst. No
actual timing violations are shown here. For a valid burst all timing parameters for each edge of a
burst need to be satisfied (not only for one edge - as shown).
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)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
1 1 1 1 1
CK#t ————~ - -- - -- - V- = V= -- -—-
CK w1 P P P\ —— P\ — —— P —— ——
1 1 1 | | 1 1 1 1 1
C:OI'['II'TIanCr3 WRITE NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP
| | | |
WL = AL + CWL | | | |
) | | | |
*4 [F Bank
Address™ [ ol o K o o o P o A o o A o o
| | | |
tbQss |tosH : tosH : tosH : tosH !
tWPST(min)
B | [ — — |
toss (min) N

0es. Dast (7772777 X N N N X O X N[ e 227727272

T T T T
tDQSH(min) | tDQSL * tDQSH | tDESL  tDOSH | tbesL  tpQsH | tbsL  tDQsH | tDQSL(min)
| | | |

toss I toss | toss | toss | toss
I | I I
I I I I
J I I I,
oM o o TN \ : \ j/ Y o 7
| | | |
| | | |
tosH tosH tosH tosH
tWPRE(min)  [4—] tWPST(min)

tpgss (nominal)
DQs, DQs# [ 7 C X X X X XX XX X K777

tDQSH(min) | tDQSL | tDQsH | tDQSL | tbsH | toesL | toesH | toesL | toesH | toQsL(min)

e D ENENAZEENIED,
oM P77 7z | N L LN 7777777
toass (max) ) e tDSsH lDSiI N lDS? . tos? ol twi STimm)
0Qs. Dosw (7777770 77N Y Y A A I ez

N
+ ) T
tDQSH(min) | tDOSL | tDQSH | tDOSL  tDQSH | tbQsL  tDQSH | tbosL  tbQsH | tDQSL(min)
| | | |
|
|
L

| =
toss toss : toss : toss
DQ R A R e e
om {7 A A

TRANSITIONING DATA DON'T CARE

Notes:

1. BL8, WL =5 (AL =0, CWL =5)

Din n = data-in from column n.

NOP commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.
tDQSS must be met at each rising clock edge.

apwn

Figure 40 — Write Timing Definition and Parameters

8.14.3 Write Data Mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR3 SDRAMSs,
consistent with the implementation on DDR2 SDRAMSs. It has identical timings on write operations as
the data bits as shown in Figure 40, and though used in a unidirectional manner, is internally loaded
identically to data bits to ensure matched system timing. DM is not used during read cycles.
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8.14.4 twprE Calculation
The method for calculating differential pulse widths for twPRE is shown in Figure 41.

t1
tWPRE_begin
DQS-DQS# & ————

Resulting differential signal,
relevant for tWPRE specification

tWPRE

t2
tWPRE_end

Figure 41 — Method for calculating twPRE transitions and endpoints

8.14.5 twpsT Calculation
The method for calculating differential pulse widths for twpPsT is shown in Figure 42.

tWPST
DQS-DQS# ————— 0— {—-0V———
Resulting differential signal, t1l
relevant for twPST specification tWPST_begin
t2
R twPST_end

Figure 42 — Method for calculating twpsT transitions and endpoints
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