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1. GENERAL DESCRIPTION

The W631GUGBKS is a 1G bits DDR3L SDRAM, organized as 8,388,608 words 3 8 banks 3 16 bits.
This device achieves high speed transfer rates up to 1866 Mb/sec/pin (DDR3L-1866) for various
applications. The W631GUGKS is sorted into the following speed grades: -11, 111, -12, 12I, 127, -15,
15l and 15J.

The -11 and 11l speed grades are compliant to the DDR3L-1866 (13-13-13) specification (the 11l
industrial grade which is guaranteed to support -40°C O CASE O95°C).

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

The -15, 151 and 15J speed grades are compliant to the DDR3L-1333 (9-9-9) specification (The 15I
industrial grade which is guaranteed to support -40°C O CAse O 95°C, the 15J industrial plus grade
which is guaranteed to support -40°C O CcAse O105°C).

The W631GUGKS is designed to comply with the following key DDR3L SDRAM features such as
posted CAS#, programmable CAS# Write Latency (CWL), ZQ calibration, on die termination and
asynchronous reset. All of the control and address inputs are synchronized with a pair of externally
supplied differential clocks. Inputs are latched at the cross point of differential clocks (CK rising and
CK# falling). All I/Os are synchronized with a differential DQS-DQS# pair in a source synchronous
fashion.

2. FEATURES

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

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

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

. 8 bit prefetch architecture

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

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

. Programmable read burst ordering: interleaved or nibble sequential

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

. DLL aligns DQ and DQS transitions with clock

. Differential clock inputs (CK and CK#)

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

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

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

. Precharged Power Down and Active Power Down
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., 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

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

3. ORDER INFORMATION

PART NUMBER SPEED GRADE OPERATING TEMPERATURE
W631GUBKS-11 DDR3L-1866 (13-13-13) 0°C OTcase 095°C
W631GUBKS11lI DDR3L-1866 (13-13-13) -40°C OTcASE 095°C
W631GUBKS-12 DDR3L-1600 (11-11-11) 0°C OTcAse 095°C
W631GUBKS12I DDR3L-1600 (11-11-11) -40°C OTcAsE 095°C
W631GUBKS12J DDR3L-1600 (11-11-11) -40°C OTcAse 0105°C
W631GUBKS-15 DDR3L-1333 (9-9-9) 0°C OTcase 095°C
W631GUBKS15I DDR3L-1333 (9-9-9) -40°C OTcAse 095°C
W631GUBKS15J] DDR3L-1333 (9-9-9) -40°C OTcAse 0105°C
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4. KEY PARAMETERS

Speed Bin DDR3L-1866 DDR3L-1600 DDR3L-1333
CL-nRCD-nRP 13-13-13 11-11-11 9-9-9 Unit
Part Number Extension -11/111 -12/121/12J -15/151/153
Parameter Sym. Min. Max. Min. Max. Min. Max.
e el ey g T o | | e | w0 || e |
Internal read command to first data tAA 13.91 20 (131. i2755) s 20 ( 13.1132'; s 20 ns
ACT to internal read or write delay time tRCD 13.91 - (131i2755) .5 - (13.1132'; " - nS
PRE command period tRP 13.91 - (131;755) 5 - (13_15’2'2) 5 - nS
ACT to ACT or REF command period tRC 47.91 - (4;3'2755) .5 - (4;52'2) 5 - nS
ACT to PRE command period tRAS 34 9 * tREFI 35 9 * tREFI 36 9*tREFI | NS
CL=6 CWL=5 | tCK(AVG) 25 33 25 33 25 33 nS
CL=7 CWL=6 | tCK(AVG) Reserved 1.875 <25 1.875 <25 nS
CL=8 CWL=6 tCK(AVG) 1.875 ‘ <25 1.875 <25 1.875 <25 nS
CL=9 CWL=7 tCK(AVG) Reserved 1.5 <1.875 1.5 <1.875 nS
CL=10 CWL=7 | tCKAVG) 15 ‘ <1.875 15 <1.875 15 <.875 nS
CL=11 CWL =8 | tCK(AVG) Reserved 1.25 <15 Reserved nS
CL=13 CWL=9 | tCKAVG) 1.07 ‘ <125 Reserved Reserved nS
Supported CL Settings Sup_CL 6, 8, 10, 13 6, (7), 8, (9), 10, 11 6,(7), 8,9, 10 nCK
Supported CWL Settings Sup_CWL 5,6,7,9 56,7,8 56,7 nCK
-40°C OTCASE 085°C - 7.8%23 - 7.8%23 - 7.8%23| S
Average periodic 0°C OTCASE Q85°C (REFI - 7.8+ - 7.8+ - 78*| €S
refresh Interval 85°C < TCASE 095°C - 3.9+ - 39%| - 39*| &S
95°C < TcASE 0105°C - 3.9 - 3.9 - 3.9*| ¢S
Operating One Bank Active-Precharge Current IDDO - 130 - 115 - 105 mA
SSFr:earﬂng One Bank Active-Read-Precharge IDDL i 165 i 145 i 130 mA
Operating Burst Read Current IDD4R - 330 - 280 - 240 mA
Operating Burst Write Current IDDaW - 260 - 220 - 190 mA
Burst Refresh Current IDD5B - 185 - 170 - 160 mA
Self-Refresh Current, Topegr = 0 ~ 85°C IDD6 - 14 - 14 - 14 mA
Operating Bank Interleave Current IDD7 - 430 - 400 - 380 mA

Notes: (Field value contents in blue font or parentheses are optional AC parameter and CL setting)

1. All speed grades support 0°C OTCASE 0O85°C with full JEDEC AC and DC specifications.

2. For-11, -12 and -15 speed grades, -40°C OTCASE < 0°C is not available.

3. 11l, 12l and 15I speed grades support -40°C OTCASE O85°C with full JEDEC AC and DC specifications.

4. For-11, 111, -12, 121, -15 and 15I speed grades, TCASE is able to extend to 95°C. For 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), itis
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).

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

be programmed to match. For example, DDR3L-1333 (9-9-9) devices supporting down binning to DDR3L-1066 (7-7-7) should
program 13.125 nS in SPD bytes for taamin (Byte 16), tReomin (Byte 18), and trRpmin (Byte 20). DDR3L-1600 (11-11-11) devices
supporting down binning to DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin
(Bytel6), treomin (Byte 18), and trpmin (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 (tRasmin + trRpmin = 36 nS + 13.125 nS) for DDR3L-1333 (9-9-9) and
48.125 nS (trRasmin + trepmin = 35 nS + 13.125 nS) for DDR3L-1600 (11-11-11).
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5. BALL CONFIGURATION

1 2 3 4 5 6 7 8 9
vDDQ | DQU5S | DQu7 A DQU4 | vDDQ | vss
vssQ | vDD Vss B DQSU# | DQus | vssQ
VvDDQ | DQU3 | DQuU1 c DQSU | DQu2 | vDDQ
VSSQ | VDDQ | DMU D DQUO | VSSQ | VDD

vss | vssQ | DQLO E DML | vssQ | vDDQ
VDDQ | DQL2 | DQSL F DQL1 | DQL3 | VSSQ
VSSQ | DQL6 | DQSL# G VDD vsSsS | vsSsQ
VREFDQ| VDDQ | DQL4 H DQL7 | DQLs | vDDQ
NC vss | Ras# J cK VSS NC
ODT | VDD | CAS# K CK# VDD CKE
NC cs# WE# L ALO0/AP | ZQ NC
Vss BAO BA2 M NC |VREFCA| vss
VDD A3 AO N A12/BC#| BAL VDD
VSS A5 A2 P Al A4 VSS
VDD A7 A9 R All A6 VDD
vss |RESET#| NC - NC A8 VSS
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6. BALL DESCRIPTION
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/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 DDR3L SDRAM. When enabled, ODT is
applied to each DQ, DQSU, DQSU#, DQSL, DQSL#, DMU, and DML
signal. The ODT signal will be ignored if Mode Registers MR1 and
MR2 are programmed to disable ODT and during Self Refresh.

J3,K3, L3

RAS#, CASH#,
WE#

Input

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

D3, E7

DMU, DML

Input

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

M2, N8, M3

BAOT BA2

Input

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

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

AOT A12

Input

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

AOT A1l
AOT A9.

Row addr es2s:

Col umn address:

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
fiCommand Truth Tableo on page 94 for details.

T2

RESET#

Input

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

T3, T7

H8 G2 H7 DQLO1 DQL7 Input/Output Data Input/Output: Lower byte of Bi-directional data bus.
D7, i:; (ég ig AT, DQUOT DQU7 Input/Output Data Input/Output: Upper byte of Bi-directional data bus.
Lower byte data Strobe: Data Strobe output with read data, input with
write data of DQL[7:0]. Edge-aligned with read data, centered in write
data. DQSL is paired with DQSL# to provide differential pair signaling
F3,G3 DQSL, DQSL# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
Upper byte data Strobe: Data Strobe output with read data, input with
write data of DQU[7:0]. Edge-aligned with read data, centered in write
data. DQSU is paired with DQSU# to provide differential pair signaling
Cr,B7 DQSU, DQSU# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
B2, D9, G7, K2, K8, . .
N1 N9, R1, R9 VDD Supply Power Supply: 1.283V to 1.45V operational.
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: 1.283V to 1.45V operational.
B1, B9, D1, D8, E2,
ES, F9. G1, G9 VSsQ Supply DQ Ground.
H1 VREFDQ Supply Reference voltage for DQ.
M8 VREFCA Supply Reference voltage for Control, Command and Address inputs.
External reference ball for output drive and On-Die Termination
L8 70 Suppl Impedance calibration: This ball needs an external 240 q * 1%
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-A12, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.
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oK. okt = ook |
BUFFER
CKE rﬁ
cs# — _D CONTROL
[TV| sienaL
RAS# —> GENERATOR
COMMAND
CAs# —ipp| DECODER
[ COLUMN COLUMN COLUMN COLUMN
WE# —’ D DECODER DECODER ::; DECODER ::; DECODER
o
i i i i
3 6 8 8 CELL ARRAY
Q CELL ARRAY 8 CELL ARRAY Q CELL ARRAY 5 BANK #5
Al10 ; BANK #0 o BANK #1 o BANK #4 )
2
l :> s 8 3 g
'3 ['4 ['4 o
A0 R
| :|I> Rg(g;E'ER SENSE SENSE - Ll
I:> ADDRESS AMPLIFIER AMPLIFIER - | |
A9 BUFFER
ALL P /} AN CK, CKi#
AL2
BA2 I ! oDT
BAL [ 11 DLL
BAO
\/ , DQLOTDQL7 | DQLOT DQL7
READ |[¢ - -
PREFETCH REGISTER b drivers | | ¢ DQUOTDQU7 | DQUOT DQU?
¢ q [
| | | | DATA CONTROL CIRCUIT BUFFER ,LDQs, LDQs# |  ODT LDQS, LDQS#
WRITE |[€
> DM MASK LOGIC drivers <LDQS‘ LDQS# N CONTROL IUDQS, uDQsS# )
REFRESH COLUMN | | T | oM. Ub
COUNTER COUNTER , ¢ LDM, UDM
ZQCL, ZQCS I
COLUMIN COLUMIN COLUMN COLUMN
DECODER DECODER DECODER DECODER
To ODT/output drivers i i ﬂ i j i j i
. Q Q
Vsso 9 CELL ARRAY o | cELARRAY 3 CELL ARRAY 3 CELL ARRAY
q BANK #2 & BANK #3 z BANK #6 2 BANK #7
2 2
3 8 8 8
o @x o '3
- SENSE SENSE -
AMPLIFIER AMPLIFIER — AMPLIFIER AMPLIFIER -
NOTE: The cell array configuration is 8192 * 1024 * 16
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8. FUNCTIONAL DESCRIPTION

8.1 Basic Functionality

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

Read and write operation to the DDR3L SDRAM are burst oriented, start at a selected location, and
continuef or a burst |l ength of eight or a 6choppedd
begins with the registration of an Active command, which is then followed by a Read or Write
command. The address bits registered coincident with the Active command are used to select the
bank and row to be activated (BAO-BA2 select the bank; A0-A12 select the row). The address bits
registered coincident with the Read or Write command are used to select the starting column location
for the burst operation, determine if the auto precharge command is to be issued (via A10), and select
BC4 or BL8 mode o6on t hethérogeregisteri a A12) i f enabl

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

8.2 RESET and Initialization Procedure

8.2.1 Power-up Initialization Sequence

The following sequence is required for POWER UP and Initialization.

1. Apply power (RESET# is recommended to be maintained below 0.2 * VDD; all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 uS with stable power. CKE is pulled
ALowOd anyti me bef oasmsert&EMrE fime 100n8)i The powee voltage ramp time
between 300 mV to VDD min. must be no greater than 200 mS; and during the ramp, Vbb OVDDQ
and (VDD - VDDQ) < 0.3 Volts.

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

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

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

The voltage levels on all pins other than VDD, VDDQ, VsS, 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.

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

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

to clock) before CKE goes active. Once the CKE is registered
continuously registered iHi gh o unt i | the initialization sequence

tDLLK and tzQinit.
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4. The DDR3L SDRAM keeps its on-die termination in high-impedance state as long as RESET# is
asserted. Further, the SDRAM keeps its on-die termination in high impedance state after RESET#
deassertion until CKE is registered HIGH. The ODT input signal may be in undefined state until tis
before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal may be
statically held at either LOW or HIGH. If Rtt_Nom is to be enabled in MR1, the ODT input signal
must be statically held LOW. In all cases, the ODT input signal remains static until the power up
initialization sequence is finished, including the expiration of tbLLK and tzQinit.

W631GUBKS

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

ALowoO to

BAO

and

BA2,

AHi gho

t o

BAL.)

7. Issue MRS Command to load MR3 with all application settings. (To issue MRS command for MR3,

provi de

iLowo

t AD ardl BAL,)

i H

i gho

t o

B

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

al(Toissup PULi cat i on

9.l ssue MRS Command to | oad MRO with
reset command, provide i Hi tpW&and fi L ot BAO-2).
10.Issue ZQCL command to starting ZQ calibration.
11.Wait for both tDLLK and tzQinit completed.
12.The DDR3L SDRAM is now ready for normal operation.
Ta Th Tc Td Te Tf Tg Th Ti Tj Tk
1 |
- TN TN TN TN TN TN T /
oK, e Loy, A0S B G E S D G S S
tCKSRX
(@ C [ (@ [ [ (@ [ [
VDD, VDDQ P) _ P} p) p) p) p) p) p) p)
T =200 ps " T=500ps
RESET# S S S S S S S S
115
Tmin [10ns
CKE
tDLLK
tXPR tMRD tMRD tMRD tMOD tzQinit N
ts
Command /&/ M ’A"A | ) | .
7 A v j
Ve V.
BA T2 AT A7 ';rfw
tis
ya Ve Ve V4 V4 V4
OoDT / / /K/ / //M K Static LOW in case Rtt_Nom is enabled at time Tg. Otherwise static HIGH or LOW K
7 Vi Vi Vi Vi Vi T Vi
RTT § § S S § S § § §—1
g TIME BREAK DON'T CARE
Note:
1. From time point ATdo wuntil ATkd NOP or DES commands must

Figure 17 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 @ALOWO
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; DDR3L SDRAM is ready for normal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 | o - - - - _ _ AN
CK, CK#t N X X X Ny Ny XN ¥ X
¥ — - - - - - —— —— -
tCKSRX
(@ C (@ (@ (@ (@ (@ (@ (@
VDD, VDDQ > N M) M) M) M) b > b b
N T=100ns N T =500 ps
§ 5 § § § S § §
RESET# g
tis]
Tmin = 10 ns J:—;
V4 V4 V4 Va V4 V4 4
A7 ¢ D

tXPR tMRD tMRD tMRD tMOD tzQinit

s

Command /&/ M

7 V4

BA L T AT

s

oDT / / /g/, // //’M} ( Static LOW in case Rtt_Nom isZnab\ed at time T;Olhemlse static HIGH or LOW
7 U U

7 7 7 7 7

RTT § § § § § § § § $—1
g TIME BREAK VA DON'T CARE
Note:
1. From time point ATdO until ATko NOP or DEQCLcamma@:m ds must be appli

Figure 27 Reset Procedure at Power Stable Condition
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8.3 Programming the Mode Registers

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

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

TO T1 T2 Ta0 Tal TbO Tbl Th2 TcO Tcl Tc2
CK# ————~
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 comman\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 31 tMRD Timing

-15-
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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 v XX v XZ7X X o YR e YK e XK KK o Yo 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 41 tMoD Timing

The mode register contents can be changed using the same command and timing requirements
during normal operation as long as the DRAM is in idle state, i.e., all banks are in the precharged state
with 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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8.3.1 Mode Register MRO

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

[eaz]Bai]Bao] A2 [ A JAalo[ Ao [AasJ a7 [ a6 Jas [ ma] a3 a2 at [ A0] AddressField
h 4 h 4 v A4 A4 4 4 h 4 A4 h 4 v A4 A4 A4 4 A4
[or] o] o[rro] WR EN R cL [reT] cL | BL | Mode Register 0
— 1
v
A8 | DLL Reset Burst Length
0 No A7 | Mode A3 | Read Burst Type | [ AL [ A0 BL
Yes 0 | Normal 0 | Nibble Sequential | | 0 | © 8 (Fixed)
v 1 Test 1 Inorleave 0 1 |BC4 or8(9n the fly)
BA1 [ BAO MRS mode 1] o BC4 (Fixed)
0 0 MRO 1 * 1 1 Reserved
0 1 MR1 Write recovery for Auto precharge CAS Latency
1 0 MR2 Al1l | A10 [ A9 [WR(cycles) A6 | A5 | A4 | A2 Latency
1 1 MR3 0 0 0 1672 0 0 0 0 Reserved
v 0 0 1 572 0 0 1 0 Reserved
A12 | DLL Control for Precharge PD 0 1 0 672 0 1 0 0 6
0 Slow exit (DLL off) 0 1 1 72 0 1 1 0 7
1 Fast exit (DLL on) 1 0 0 872 1 o] 0 0 8
1 0 1 1072 1 0 1 0 9
1 1 0 1272 1 1 0 0 10
1 1 1 1472 1 1 1 0 11
0 0 0 1 Reserved
0 0 1 1 13
0 1 0 1 Reserved
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 s reserved for future use and must be programmed to fi Odaring MRS.

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

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

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

Accesses within a given burst may be programmed to sequential or interleaved order. The burst type
is selected via bit A3 as shown in Figure 5. The ordering of accesses within a burst is determined by
the burst length, burst type, and the starting column address as shown in Table 1. The burst length is
defined by bits AO-Al. Burst length options include fixed BC4, fixed BL8and 6on t he f|I
BC4 or BL8 to be selected coincident with the registration of a Read or Write command via A12/BC#.

Table 17 Burst Type and Burst Order

Burst I T e Burst type = Sequential | Burst type = Interleaved
Length WRITE (A2, AL, AO) (decimal) (decimal) NOTES
A3=0 A3=1
4 READ 000 0,1,2,3,T,T,T,T 0,1,2,3,T,T,T,T 1,2,3
Chop 001 1,2,3,0,T,T,T.T 1,0,32TTTT 1,2,3
010 2,3,01TTT,T 2,3,01T,T,T,T 1,2,3
011 3,0,1,2,T,T,T,T 3,2,1,0,T,T,T,T 1,2,3
100 4,56,7,T,T,T,T 4,5,6,7,T,TTT 1,2,3
101 56,7,4TT,TT 5,4,76,T,TTT 1,2,3
110 6,7,4,5TT,T,T 6,7,45T,T,T,T 1,2,3
111 7,45,6,TTT,T 7,6,54TTTT 1,2,3
WRITE o,v,v 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,2,4,5
1.v\v 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,2,4,5
8 READ 000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,54 2
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 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 7,6,5,43,2,1,0 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 tWR and twTR will be pulled in by two clocks. In case of burst length being
selected on-the-fly via A12/BC#, the internal write operation starts at the same point in time like a burst of 8 write operation.

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

8.3.1.2 CAS Latency

The CAS Latency is defined by MRO (bits A2, A4, A5 and A6) as shown in Figure 5. CAS Latency is
the delay, in clock cycles, between the internal Read command and the availability of the first bit of
output data. DDR3L SDRAM does not support any half-clock latencies. The overall Read Latency (RL)
is defined as Additive Latency (AL) + CAS Latency (CL); RL = AL + CL. For more information on the
supported CL and AL settings based on the operating clock frequency, refer to section 10.15 ASpeed
Binso on page 133. For detailed Read operation refer to section 8.13 AREAD Operationo on page 43.
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8.3.1.3 Test Mode

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

if A7 =1.

8.3.1.4 DLL Reset

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

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

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

8.3.1.5 Write Recovery

The programmed WR value MRO (bits A9, A10 and A11l) is used for the auto precharge feature along
with tRP to determine tDAL. WR (write recovery for auto-precharge) min in clock cycles is calculated by
dividing twr (in nS) by tck(avg) (in nS) and rounding up to the next integer: WRmin[cycles] =
Roundup(twRr[nS]/tcK(avg)[nS]). The WR must be programmed to be equal to or larger than twRr(min).

8.3.1.6 Precharge PD DLL

MRO (bit A12) is used to select the DLL usage during precharge power down mode. When MRO (A12
=0),or Oesxiotwd, t he DLL ingprethargepaver dawh (foe potergial powar savings)
and upon exit requires txPDLL to be met prior to the next valid command. When MRO (A12 = 1), or
o0 f & x tithe ®LL is maintained after entering precharge power down and upon exiting power down
requires txp to be met prior to the next valid command.
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8.3.2 Mode Register MR1

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

| BA2 | BAL | BAO | AL2 | ALL | AL0 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | A0 | Address Field
A4 A4 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 A 4
| 0*t | 0 | 1 | Qoff | o*t | o*l |Rn7Nom| o*l | Level |Rn7Nom| D.I.C | AL |Rtt_Nom| D.I.Cl DLL | Mode Register 1
v v A4
BA1l | BAO | MR Select A9 A6 A2 Rtt_Nom'3 A0 DLL Enable

0 0 MRO 0 0 0 | Rit_Nom disabled 0 Enable

0 1 MRL 0 0 1 RZQ/4 1 Disable

1 0 MR2 0 1 0 RZQ/2 A

1 1 MR3 0 1 - RzQf6 > il Im[g;itg:é:rci;i;rol

Write leveling enable 1 0 0 RzQ/12+ 0 0 RZQ/6
—» A7 Write leveling enable 1 0 1 RzQrg 0 1 RZQI7
0 Disabled 1 1 0 Reserved 1 0 Reserved
1 Enabled 1 1 - Reserved 1 1 Reserved
Note: RZQ = 240 ohms Note: RZQ = 240 ohms
» A12 Qoff2 h 4

0 Output buffer enabled A4 A3 |Additive Latency

1 Output buffer disabled ° 0 | O(ALdisabled)
0 1 CL-1
1 0 CL-2
1 1 Reserved

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

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

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

The DLL must be enabled for normal operation. DLL enable is required during power up initialization,
and upon returning to normal operation after having the DLL disabled. During normal operation (DLL-on)
with MR1 (AO = 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 tDQSCK, tAON or tAOF parameters. During tDLLK,
CKE must continuously be registered high. DDR3L SDRAM does not require DLL for any Write
operation, except when Rtt_WR is enabled and the DLL is required for proper ODT operation. For more
detailed information on DLL Disable operation refer to section 8.6 AiDLL-off Modeo on page 25.

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

8.3.2.2 Output Driver Impedance Control

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

8.3.2.3 ODT RTT Values

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

8.3.2.4 Additive Latency (AL)

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

Table 21 Additive Latency (AL) Settings

A4 A3 AL

0 0 0 (AL Disabled)
0 1 CL-1

1 0 CL-2

1 1 Reserved

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

8.3.2.5 Write leveling

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

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

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

the DIMM. This makes it difficult for the controller to maintain tbQss, tbss, and tDsH specification.
Therefore,the DDRBLSDRAM supports a o6write | evelingdé feature t
for skew. See section 8.9 fiwrite Levelingo on page 30 for more details.

8.3.2.6 Output Disable

The DDR3L SDRAM outputs may be enabled/disabled by MR1 (bit A12) as shown in Figure 6. When
this feature is enabled (A12 = 1), all output pins (DQs, DQS, DQS#, etc.) are disconnected from the
device, thus removing any loading of the output drivers. This feature may be useful when measuring
module power, fore x ampl e. For nor mal operation, Al12 should be
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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 | AL2 | ALl | AL0 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AL | A0 | Address Field
v v 3 v 3 v 3 v 3 v 3 v 3 v 3 v
| 01 | 1 | 0 | 04 | Rt_WR | 01 | SRT | ASR | cwL | PASR | Mode Register 2
v A4
BA1l [ BAO [ MR Select A2 Al | AO Partial Array Self Refresh for 8 Banks
0 0 MRO 0 0 0 Full array
0 1 MR1
T 5 VRo 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) ot ]t 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 0 1 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
v
A5 A4 A3 CAS write Latency (CWL)
» A10 | A9 Rtt_WR*? "
. 0 0 0 | 5(tCK(avg) ©2.5nS)
Dynamic ODT off -
0 0 (Write does not affect Rtt value) 0 0 1 6 (2.5nS > tCK(avg) 01.875nS)
0 1 RZQ/4 0 1 0 | 7@.875ns > tcK(avg) O1.5nS)
1 0 RZQ/2 0 1 1 | 8(1.5nS > tCK(avg) 01.25nS)
1 1 Reserved 1 0 0 9 (1.25nS > tCK(avg) 01.07nS)
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Notes:
1. BA2, A8, A11~A12 are reserved for future use and must be programmed to i 0daring 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 717 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.

DDR3L 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
fiSpeed Binso on page 133. For detailed Write operation refer to section 8.14 AWRITE Operationo on
page 56.

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

DDR3L 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, DDR3L 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)

DDR3L SDRAM introduces a new feature fiDynamic ODTO. In certain application cases and to further
enhance signal integrity on the data bus, it is desirable that the termination strength of the DDR3L
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 fiDynamic ODTO0 on page 83.
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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 | A12 | All | A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 | Address Field
Y A 4 Y Y A 4 Y Y A 4 A 4 A 4 A 4 A 4 A 4 Y Y A 4
| 0*1 1 | 1 | 0*1 | MPR | MPR Loc | Mode Register 3
1
v MPR Operation MPR Address v
BA1 | BAO MR Select A2 MPR Al A0 MPR location

0 0 MRO 0 Normal operation*? 0 0 Predefined pattern

0 1 MR1 1 Dataflow from MPR 0 1 RFU

1 0 MR2 1 0 RFU

1 1 MR3 1 1 RFU

Notes:

1. BA2, A3~A12 are reserved for future use and must be programmed to fi Odaring 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 1 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 AiMulti Purpose Registero on page 34.
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8.4 No OPeration (NOP) Command

The No OPeration (NOP) command is used to instruct the selected DDR3L 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 DDR3L
SDRAM. The DDR3L SDRAM is effectively deselected. Operations already in progress are not
affected.

8.6 DLL-off Mode

DDR3LDLL-of f mode is entered by setting MR1 bit AO
operations until AO bi tAObitfor BLE tontrol@zan ke switwhedeithier. durifich e
initialization or later. Refer to section 8.8 filnput clock frequency changeo on page 28.

The DLL-off Mode operations listed below are an optional feature for DDR3L. 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 (BLL_om [¢——————— RL(DLL off)=AL+(CLi 1) =5 ——————»

DQS,DQS# (DLL_off)

DQ (DLL_off)

DQS,DQS# (DLL_off)

DQ (BLL _off) I ENENENEN N,

Note:
The tDQSCK is used here for DQS, DQS# and DQ to have a simplified;
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 E DON'T CARE

Figure 97 DLL-off mode READ Timing Operation
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8.7 DLL on/off switching procedure

DDR3LDLL-of f mode is entered by setting MR1 bit AO
operations wuntil AO bit is set back to fA0O0.

871 DLL Aond to DLL Aoffo Procedure

To switch from DLL fono t o [Bolbé chéngel luing Safdefiesh,eas
outlined in the following procedure:

1. 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 .fild to disable the DLL
Wait tMOD.

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

Change frequency, in guidance with section 8.8 filnput clock frequency changeo on page 28.

Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

N o g~ wD

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

8. 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).

9. Wait for tvoD, then DRAM is ready for next command.

TO Tl TcO TdO Tdl TeO Tel TfO
CK# ————~, r——x—\{ ’—\——-\‘—\——3(—\——-\(—\——3(—\——— /
CK '_T)\_ — — J——; — J——; — - ——
e | ZAD 7/ 7 A/ ¥ T
Command [Z772% MRS 77X NoP WX SRE® 77X NOP o X sRxs XX o KAX MRs 7YX NoP YA XvALIDDG ]
*1 ) tmMop tCKSRE *4 tCKSRX'® xs ) tMoD
tCKESR
oDT VALID?
| | A ! 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 101 DLL Switch Sequence from DLL-on to DLL-off
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872 DLL noffo to DLL Aono Procedure
To switch fr om D lMmithragoifed fiequénoy cliahgk) dutingrseélf-Refresh:

1. 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 Self-Refresh mode is entered.)

Enter Self Refresh Mode, wait until tCKSRE satisfied.
Change frequency, in guidance with section 8.8 Alnput clock frequency changed on page 28.

Wait until a stable clock is available for at least (tCksrRX) at DRAM inputs.

o~ 0w

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.

6. Wait txs, then set MR1 bit A0 to 006 to enable the DLL.
7. Wait tMRD, then set MRO bit A8 to A10 to start DLL Reset

8. 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.)

9. Wait for tMoD, 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 TfL Tgo ThO

GO G G I S G 777 0 S S 0 S 0 S G W G W G
e | 7T T g @
Command 77X Nop YA SRE? (72X NoP X7 v SRx'Ed MRS WA MRS‘7>@><::’:E VAllJD‘Q
UG PR prng toksre T toKsrx® NE™ e oo |
tokesR

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

2. Enter SR

3. Change Frequency

4. Clock must be stable tCksrRx
5. Exit SR

6. Set DLL on by MR1 A0 =0
7. Update Mode registers

8. Any valid command

g TIME BREAK [~] DponTcare

Figure 117 DLL Switch Sequence from DLL Off to DLL On
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8.8 Input clock frequency change

Once the DDR3L SDRAM is initialized, the DDR3LSDRAM requires the c¢clock

almost all states of normal operation. This means that, once the clock frequency has been set and is

tobeinthefist abl e stateo, the cl ock peptrfarwhatisialowed foitby a |

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 DDR3L 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 fiSelf-Refresh Operationo on page 67.

The DDR3L 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 ADLL on/off switching procedured on page 26.

8.8.2 Frequency change during Precharge Power-down

The second condition is when the DDR3L 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 DDR3L 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 29.
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Previous clock frequency

New clock frequency

[4— tCKE

tiH tis
[
ke[| V/J:
tCPDED

Tdo

-
:}\—/*
e

Td1l

ek

Command@( NOP >@< NOP >@< NOP
T

Address V

{AOFPD / tAOF

v

oDT

DQS, DQS# [l 2N — igh-z

DQ v vanz

I

om [ 77 A

Enter PRECHARGE
Power-Down Mode

Frequency
Change

Exit PRECHARGE
Power-Down Mode

tDLLK

g TIME BREAK DON'T CARE

Notes:
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

1.
2.
3.

registered either LOW or HIGH in this case.

Figure 127 Change Frequency during Precharge Power-down
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8.9 Write Leveling

For better signal integrity, the DDR3L 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, tbss, and tDSH specification.

Therefore,the DDRALSDRAM supports a 6write | evelingd feature t

for skew.

The memory control | ewelcianng 6u sfee att huer ed varmoR3f ID&ANta ¢ k

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 AAC Characteristicso in
order to satisfy tbss and tDSH specification. A conceptual timing of this scheme is shown in Figure 13.

T3 T4 T5 T6 7
CKit ===~ -—-
Source "o, A X X_X D D . D W D D D .

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 131 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 A7inMR1setddi ghd and after finishing |I|e
from write leveling mode if A7 in MR1 set & o wd  ( 3).d\bté that in write leveling mode, only
DQS/DQS# terminations are activated and deactivated via ODT pin, unlike normal operation (Table 4).

Table 37 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 47 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,
and A2-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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TL T2
N tWLH — tWLH
s tWLS ‘ le—
CK#® ————~ - -— -—— -— .
CK - — S S S —;
Command MRS NOP™ NOP NOP NOP
tMOD
oDT A Y N R4
TWLDQSEN ! tDQSL™® tDQSH ] DQSL™® DQSH |
N R I | Y 2 2 A | M 2 K |
Diff_DQS \ ) o
One Prime DQ: TWLMRD wLo ) twLo |

) . | }7
Prime DQ™" ——— N\

Late Remaining DQs

Early Remaining DQs

s

twiLo " twioe

All DQs are Prime:

tWLMRD twLO twLO |

Late Prime DQs? ——

Early Prime DQs™ // : Iél J “EE]/i
/

© wo | twioe wio [ '

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

Notes:

1.

w

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 through out 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.

Figure 141 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 tMoD 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).

LK 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 U
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 1571 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)

2\

MR3 [A2]

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

7/
/
/

N2 ¥

DQ, DM, DQS, DQS#

Figure 16 7 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 517 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:
0 DQL[0] and DQUIO0] drive information from MPR.
0 DQL[7:1] and DQUIJ7:1] either drive the same information as DQL[0], or they drive Ob
Addressing during for Multi Purpose Register reads for all MPR agents:
0 BA[2:0]: Don't care
0 A[1:0]: A[1:0] must be equal to 6006b. Data read b
0 A[2]: A[2] 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
Al1l: Don't care
0 A12/BC#: Selects burst chop mode on-the-fly, if enabled within MRO

o Ox x

Regular interface functionality during register reads:
0 Support two Burst Ordering which are switched with A2 and A[1:0]=00b.
0 Support of read burst chop (MRS and on-the-fly via A12/BC#)

d All other address bits (remaining column address bits including A10, all bank address bits) will
be ignored by the DDR3L SDRAM.

0 Regular read latencies and AC timings apply.

0 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 67 MPR Readouts and Burst Order Bit Mapping

MR3 A[2] MR3 A[1:0] Function Liﬂgstth Aggliadss Burst Order and Data Pattern
[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]
1b 00b Read Pre-defined Pattern BC4 000b Eurst order 0,1,2,3
for System Calibration Pre-defined Data Pattern [0,1,0,1]
Burst order 4,5,6,7
BC4 100b 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 0 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 AAC Characteristicso on page 137.

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 trp is satisfied.
Set MRS, iMR3 A[2] = 1boa n dMR3 A[1:0] = 00ba
This redirects all subsequent reads and load pre-defined pattern into Multi Purpose Register.

Wait until tMrRD and tMoD are satisfied (Multi Purpose Register is then ready to be read). During the
period MR3 A[2] =1, no data write operation is allowed.
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Read:
A[1: 0] = 60006b ( Da tarting btuibbketalways 0Dehere)i s f i xed s
A[2] = 606b (For BL=8, burst order is fixed as 0,1, 2

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.

Set MRS, AMR3 A[2] = Oboand AMR3 A[1:0] = don't careoto the normal DRAM state.

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

Continue with #Aregulardo DRAM commands, | i kvete acti vat
access,...
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CCK:E————\ — _ - ——
Command @@TA VAL|.0>@
BAL ,I/ XN f//,; X ; ALY, ///,; 7
A0l 7 :/x‘}*’f XX AAAIAT
w2l B0 4 7 ,:f/// N X A7
N9:3] [ A 00 YA, /\év T 7 ALY ://// X 0 X7 /f,\xxw/ 7]
waoine P2 A ) Jér’ s //"/': :/f/: :/f/ N X JI\F”}’V %
N 700 oY AL //’/i /f/"i ,i/f// N X A
wizisck (777777 7K O XA Ao // 7 ///: :/// :/// N X, A
” R ' ' ' '

DQS, DQSH# / | : (_TNEDT*LT*LT*E //

DQ ,,// 1t //// i \—/'i/_\—/'i/_\—’i(_\ ”//
NOTES: L RDwin LS aler by S ron ey, G oo [ vowtome

Figure 171 MPR Readout of pre-defined pattern, BL8 fixed burst order, single readout
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CK

Command

Tc2 Tc3 Tc4 Tc5 Tc6 Tc7 Tc8
| __ | __ | __ | __ | __ | __
W v v " W W \
—— —— — —— —— —— __/
| | | | | |
oP )@( NOP@ NOP @( NOP @( NOP @ NOP @( NOP

I __
/
_/|
|
A

tMPRR tMoD

BA VAL K 3 N

|
/’f’;,// LA /’x;’}” A N8 W

A0 VX © X o K o )

A2 oA K L XA L T T T T S )

A9:3] [ X 00 XAl

LD X i i /I’?" K 0 R

Ao 77723 o X XL T L T T i T T N s WA

AL [ 0 ¥

O L I T i T L T N XA

AL2IBCH [ O R R R AL X o I L 0 g o i RO ]

DQS, DQS# //
DQ

NOTES: 1. RD with BL8 either by MRS or on the fly.
2. Memory Controller must drive 0 on A[2:0].

\_/:{_\ T
S

TIME BREAK [] ponTcare

Figure 18 1 MPR Readout of pre-defined pattern, BL8 fixed burst order, back-to-back readout
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A[L:0] | X o

l
L i /”,:/ RO 1 s,
l

AR A . s . s S o s,

A9:3] X 00 YA

L S /:*”// K 00 K A

AL0/AP [ 1 0

S S ASAASSIISSY, ,«;")"/’ KO K A ]

Al K0 YIS, 7. //r/ A S o, e, s

A12/BCH# [ 77X 0 X KO K i vl

)

g TIME BREAK DON'T CARE

DQS, DQS#

o4

NOTES: 1. RD with BC4 either by MRS or on the fly.
2. Memory Controller must drive 0 on A[1:0].
3. A[2]=0 selects lower 4 nibble bits 0....3.
4. A[2]=1 selects upper 4 nibble bits 4....7.

[
7
|

Figure 1917 MPR Readout pre-defined pattern, BC4, lower nibble then upper nibble
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A[L:0] | X o

l
L i /”,:/ RO 1 s,
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AR A . s . s S o s,

A9:3] X 00 YA

L S /:*”// K 00 K A

AL0/AP [ 1 0

S S ASAASSIISSY, ,«;")"/’ KO K A ]

Al K0 YIS, 7. //r/ A S o, e, s

A12/BCH# [ 77X 0 X KO K i vl

)

g TIME BREAK DON'T CARE

DQS, DQS#

o4

NOTES: 1. RD with BC4 either by MRS or on the fly.
2. Memory Controller must drive 0 on A[1:0].
3. A[2]=0 selects lower 4 nibble bits 0....3.
4. A[2]=1 selects upper 4 nibble bits 4....7.

[
7
|

Figure 207 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-
Al12 selects the row. This row remains active (or open) for accesses until a precharge command is
issued to that bank. A PRECHARGE command must be issued before opening a different row in the
same bank.

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 (trP) 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, DDR3L 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.

T T T T
| | | |
tRPRE | I | | tRPST
> | | | I
****** Aabai I~ =\ I~ =\ Ir==
DQs, DQs# X X X
| | | |
| | | |
L L L L
DO*? Dout -7 Dout ;7 Dout .7 Dout -7 Dout \-7 Dout ;-7 Dout .7 Dout
Q n -\ N+l /- n#2 o\ n#3 [\ ntd [-\ ntS [\ n#6 fI\ nT

cL=6 N

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

Figure 217 READ Burst Operation RL =6 (AL =0, CL =6, BL8)

CK# —————
CK
\
\
Command** [N reap Y)Y noe
4 Bank
Address** [727%" Bk
DQS, DQS#
DQ* Bout ;-7 Dout \.7 Dout -/ Dout \;/ Dout .7 Dout \,/ Dout \-7 Dout
n FA ntl A\ n+2 [N\ n#3 JN\ ndd S\ ntS S\ nd6 f-N\ ndT
AL=5 N cL=6 N
RL=AL+CL
1 T
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. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

Figure 221 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:
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 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:
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#  ———— /7
CK 4/} N\ N

tDQSCK(min) tDQSCK(min)
|<\_,
I tDQSCK(Max) | tDQSCK(max)
| ) | )
| [——»] | [——»]
| | | |
| | | |
| | | |
| | | |
| | | |

Rising Strobe Rising Strobe
Region Region
tbQsck ////IDQSCK
[ l—=
DQS# ——— \
DQS _____)
Associated
DQ Pins

Figure 231 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 tosL | |tQSH  tQsL |
—p £ — < Lt Ll Lt »< P
DQS, DQS# T i VTV Y -0
Erly Strobe N Y/ A L~ — —
tRPST
P tRPRE N
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit6 Bit 7
—> [4— tHZ(DQS)max
tDQSCK(max) tDQSCK(max) tDQSCK(max) tDQSCK(max)

tzoQs)max —b|  |4— - | > |« N i -

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 - (tQSHmMIN + 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 241 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:

tbQsQ 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:

tbQsQ 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.

DQ*2 (first data no longer valid)

TO T1 T2 T3 T4 T5 T6 T7 T8

Address** '//’

DQS, DQS#

Dout \/~ Dout
m3 A nea A nis 6 A nt7

ou \/ Bowr \/“Bour \/ T
4 s 6 1+
TRANSITIONING DATA VA DON'T CARE

Dout Y/~ Dout \/~ Dout
1 2

DQ*? (Last data valid)

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. BLS 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 251 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 i CK# rising crossing at RL + 4 nCK
tHZ(DQS), tHZ(DQ) with BC4: CK i CK# rising crossing at RL + 2 nCK

tLz(DQS): CK i CK# rising crossing at RL - 1
tLz(DQ): CK i 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 261 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

_______________ _1;
Ck# §— /

ta
DOS  § AN
Single ended signal, provided 1\&
as background information
tc 4-’ ___________ | o
DQS# § — — — — — N N A VIT — — —
Single ended signal, provided \
as background information I— — 5
v
N/
t1
tRPRE_begin
tRPRE
DQS - DQS# § \\ h——————- 0———-
Resulting differential signal,
relevant for tRPRE specification \" t2
3 » tRPRE_end

Figure 27 1 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.

DS — — _ _ _ _ _ _ _ [ WY _____ € \VTT — — —
Single ended signal, provided
as background information

<s———\\ | T T A
DQSH—————————— — — — — - —— o 11 S —_— VT — — —
Single ended signal, provided \
as background information — — /
|
v
tRPST \
DQS-DQS# —————f————— — & —0 ——-
Resulting differential signal, .
relevant for tRPST specification tRPST_begin \'
| 2
tRPST_end

Figure 28 1 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 I/ ll / '( l/ ==

CK __ N — N — I N — I N — I \— I N — N — I — il N — I N

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

|« <0 >l | [ [ [ [ | | | | | [
Address™ [ 77X Bk W T e & = o : . S I,-""// : o If"// ./ ,:// f’fl/ 1
DL | I I I I I | 1255

DQS, DQSH A X X —
l | | | 1 | | |
DQ o 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 291 READ (BL8) to READ (BL8)

T1 T3 T4 T5 6 T7 T8 T9 T10 T11 T12 T13 T14 T15
CK#t———— Ir—- - |—— - |,— — |—— |—— |—— |—— - l,—— |,— — |- — |——
CK —_— N — — N — — . — I . — I . — I . — I N — — \ — I . — I — . — I {—
| | | | | | | | | | |
Command*3@(READ)@( NOP NOP )@( NOP )@(READ)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@
B . | I IR
|l 11 1

|
nidress [N BN 777 A 7777777 77 7PN B W77 77 777 777 77 77 777 7 7 77 777 77 77 77 7 7 7 7 7 77 7 7 7 7 77 7 7 A7 7 7 7 7
tRPRE > | | | I I I tRPST

DQS, DQS#* n G SR D GH Gl SHN W SHD Wi D SIS W SIS S GHD G N S
| | | | ] ] |
DQ? T e }ls( [ 6 R I 6 601 6 e EE G ED

RL=6

A

< i >

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 301 Nonconsecutive READ (BL8) to READ (BL8), tccb=5
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>@< NOP >@< NOP >@( NOP >@<

;l

tccb
g | | | |
Address* [77X éirh W T oy & o /fr” /}/
tRPRE tRPST o tRPRE N | | tRPST
——— 2 |F_ | — — —— l—— | — —
A\ \ A\ \

DQs, DQSH G G G G (X

| |
DQ*Z Dout Dout \-/" Dout Dout Dout \ / Dout \ -/ Dout Dout
n /A n+l F\ ne2 [\ ni3 4 b [\ b+l £\ b+2 /-\ b+3

RL=6

RL=6

NOTES: 1.BC4,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. 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.

TRANSITIONING DATA [#] DON'T CARE

Figure 311 READ (BC4) to READ (BC4)

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

Address™ @(

Bank

B AL

tRPRE

A

DQS, DQS#

\—_)
|

X

(_ X

I trRpsT

X

DQ?

NOTES:

\\
]

RL=6

Doul}.
n

Dout
n+3

Dout
n+l

Dout
n+2

(

XS

Dout
n+4

Dout
n+5

X

):

|
i

T

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.

|
{
[

WL=5

< | | 4clocks | | > :\\;\/V":R
1 1 [ | 1 —
I ]
P tWPRE | | | |tWPST
p —_2 I _ I _ I _ —_2
2y X O X X X X A

Din
b+7

Din
b+5

Din
b+3

Din
b+l

R E NI EY G )

Dou!) ( Din )(
n+7 b /-

E¢

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.

>

gg TIME BREAK TRANSITIONING DATA F.] DONT CARE

Figure 327 READ (BL8) to WRITE (BL8)
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« READ 0 WRITE Command Delay = RL + tccb/ 2 + 2tck - WL N I I P | | 4 C|lIJCkS < WR
< | > tWTR
wiiress TN BN Z T A 777N BN T2 T 77T o LIS IS VIS SIS I TTIITIIIIIIID,

T T T
tRPRE tRPST tWPRE tWPST
> j—>| « » [—>

N |
DQS, DQSH D QHD D QHD WD o QDD SN W G W o A A A IS o
DQ” e (R ) 0R)

RL=6
[~ T P 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 337 READ (BC4) to WRITE (BC4) OTF

T1 T2

TO
Cx wm\_d (__
Command” @(READ)@( NOP >®< r:lcczs )@( NOP )@(READ |
Address™ [7X G AP IS IS N BN, o e AT IIIITIISD f’f"' T, ]

tRPRE {RPST,
| | | | | gRPST,

DQS, DQS# :wmﬂlﬂlﬂl\_,' _
DQ” e (e (o o e e e ()

RL =6
< RL=6 >

NOP

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[L:0] = 01 and A12 = 0 during READ command at T4. TRANSITIONING DATA F.#] DON'T CARE

Figure 34 i READ (BL8) to READ (BC4) OTF
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TO T1 T2
CK# -———- Ir—- - —
N — —~ N — — N — —
Command* @(READ)@( NOP >@< NOP )@( NOP )@(READ)@(
tccD
Address™ @( Ea{‘,'j X ga{‘ﬁ
_WRPRE | | trpsT | tRPRE | | | | trPsT
h 4 | | < > | |
— _— pE, —— _— —__ —__ pE
DQS, DQSH# (XX : (X XX XX o
N __ — | A - = — -
D ) Dout '/ Dout \.7 Dout \/ Dout ) Dout \,*/ Dout \.7 Dout \'/ Dout Dout X.7 Dout Dout \/ Dout
Q n f.\ n+l A\ n+2 A\ n+3 b 2\ b+l £°\ b+2 /LN b+3 F.\ b+4 £*N b+5 /.\ b+6 SN\ b+7
. RL=6 N
- i RL=6 N

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. BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BLS setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at T4. TRANSITIONING DATA [ DON'T CARE

Figure 357 READ (BC4) to READ (BL8) OTF

emec s

“ o | 4clocks |
s LN BN 777777 BN L2727 72 7 77 A0 77777 //:
005, 0Qs# | R D D G 777 G D D G, W G, G Wk VIS SIS SIS
DQ* ] = - D‘;“')Kaf::‘X(f;‘:z')(%‘:;')—( b)( BN,
) 1 . WL=5 |

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. BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO. gg TIME BREAK TRANSITIONING DATA [7] DON'T CARE

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T5.

Figure 36 7 READ (BC4) to WRITE (BL8) OTF
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P READ to WRITE Command Delay = RL + tccp + 2tck - WL | N | | | o | L4 Clécks <:W—R

» _ 1l L L | L R 1 [ i —

wiress* PN BN 77T, B 1A ILLSIILSY 7
_ tRPRE | | | I trRpsT | tweRE | : | twesT
—___ 1 _ | _ I _ — < —_ 2 _ —_ 2

o0, oS | RS O S QD S0 G G QU S 7772,/ D . b G Wl y

RL =6

: |
A ,

| —
Dout).( Dout)-( Dout).{ Dout ( Dout):( Dout ( Dout)( Dout) ( Din )( Din )( Din ),( Din ),
n £\ n+1 £\ n+2 £\ n+3 /N ntd S\ 045 A\ n+6 [N n+7 b AN\ b1 /A b2 2\ b7 f
le I
™ 1

WL=5 N

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. ﬂﬂ TIME BREAK TRANSITIONING DATA [”] DON'T CARE

Figure 371 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_

BL4 Operation: PR — -—A -
DQS, DQS# /\ /_X_/\
——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 381 READ to PRECHARGE (RL =9, AL =0, CL =9, tRTP =4, tRP = 9)
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TO T1 T2 T10 T11 T16
| | | |
CK#t ———— — - -- - -- --
CcK - - N _ M- N _ _
Command @( NOP )@( READ )@( NOP NOP )@( NOP PRE
| | | |
Address (77777 X e Yo 7 XN L A e, L X s XA
tRTP N tRP | ! | | R
AL=CL-2=9 cL=11 | | | |
) 1 || r-o || (. | | |
DQS, DQSH# BL4 Operation: “ “ \\ ,————-\/—D I__ : :
' “ \ A= — | |
bQ M Y e R '
| |
n \ | | | |
BL8 Operation: — I__ l__ I_ _ I_ _
DQS. DQS# ” / C XXX XX D
DQ T i i EDIEIEN I

NOTES: 1. RL=20(CL=11,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 (T16) and that tRC.MIN is satisfied at the next Active command time (T27). gg TIME BREAK TRANSITIONING DATA [] DONT CARE

Figure 391 READ to PRECHARGE (RL =20, AL = CL-2, CL =11, tRTP = 6, tRP = 11)
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8.14 WRITE Operation
8.14.1 DDRS3L Burst Operation

During a READ or WRITE command, DDR3L 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, tccD = 4)
Al2 =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, thatthe DRAM i s guar ant e e dandthaterrdarsaare finfitedrtagthatuppriicular
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 (tDsS, 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 57), 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 will
work properly otherwise.

8.14.2.3 Strobe to Strobe and Strobe to Clock Violations

Should the strobe timing requirements (tDQsH, tDQSL, twPRE, twpPST) or the strobe to clock timing
requirements (tDSS, tDSH, tDQSS) 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 61) 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
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
CK#t ————n I[77 I_ I_ \__ :’ﬁ !’ﬁ, :ﬁ,‘\ nyf |__ I__ o
CK N —— —— J— —— i —) J— —— ——d —— ——
I I I I I I I I I I
Command™ WRITE NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP
WL = AL + CWL i i i i
I
Aadress [ K Sl K 2 P L
tbQss |tosH : tosH : tosH : tosH !
. ) | l—| | — | —| tw»lnsT(mm)
toss (min) — i i a_ 1
SRS Iy S D S G S5 SN QB S QB W 7
tDQSH(min) | tbQSL * tDQSH thl)sL tDQsSH lD(;SL ' tDQsH ID(;SL ' tDQSH tDcI;sL(mm)
toss :tnss :tnss : toss :tDss
I | I I
I I I I
J I I I,
oM T\ N\ _|
| | | |
| | | |
tosH tosH tosH tosH
. tWPRE(min)  [4—] tWPST(min)
tpgss (nominal) — o o o D
DQs, DQs# [ 77 XX X XXX X XX K]
tDQSH(min) | tDQSL | tDQsH | tDQSL | tbsH | toesL | toesH | toesL | toesH | toQsL(min)
toss toss tDss toss toss
| | | |
DQ* GBI N ENEN AT EN D)
| I | I
oM L0 TN T\ | / i\ | A
| | | |
toQss | I I I
—] ! | | |
togH tosti N tosh tDSE{ o] tWPST(min)
to@ss (max) AN ; ; ; ; >
os, Das# (7727 - XA AN X I X X ez
1 » 1 1 » 1
tDQSH(min) lfjm tDQSH | toosL ' tDQSH tDos;‘ tDQSH | tbosL ' tDQSH | tDQSL(min)
| | | le—s| |
toss : toss : toss : toss :
DQ CO D R e K
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.

apwn

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.

Figure 401 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 DDR3L SDRAMS,
consistent with the implementation on DDR2 SDRAMs. 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.

tl
tWPRE_begin
DQS-DQS# & ————

Resulting differential signal,
relevant for twPRE specification

tWPRE

t2
tWPRE_end

Figure 417 Method for calculating twPRE transitions and endpoints

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

tWPST

DQS-DQS#H —————
Resulting differential signal,
relevant for twPST specification

t1
tWPST_begin

t2
tWPST_end

Figure 421 Method for calculating twpPsST transitions and endpoints
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WL = AL + CWL

Address™ [777X & ) 7 S y s L T |
twere | | | lwest | |
— [ [ [ 2 | |
DQS, DQS# [ 2;,,& /mmm@ﬂm@@
| | | | | |
| | | | I I
DQ* I EEEN G NG G D
TRANSITIONING DATA DON'T CARE
Notes:
1. BL8, WL=5;AL=0,CWL =5.
2. Din n = data-in 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 WRITE command at TO.
Figure 431 WRITE Burst Operation WL =5 (AL =0, CWL =5, BL8)
TO T1 T5 T6 T9 T10 Ti1 Ti2 T13 Ti4 T15
CK#t ————— (— I__ I__ Jo_ I I I I__ I___
CK S —— —— - p—i — i J—; — i — i ——l Jp—
I I I I I I I I I
Command3 WRITE, NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP
AL=5 N CWL =5 N : : : : : :
* b il | | | | | | |
Address™ o S T . s . /{I/ ; i . ,K/I )
tWPRE : : : | twPsT : :
DQS, DQS# 7 /[,,JQF";IIIC\%:’;‘@W
| | | | | |
| | | | I I
DQ* EDEE NG NG G D
WL = AL + CWL J
* "
gg TIME BREAK TRANSITIONING DATA DON'T CARE
Notes:
1. BL8, WL=10;AL=CL-1,CL=6,CWL =5.
2. Din n = data-in 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 WRITE command at TO.

Figure 441 WRITE Burst Operation WL =10 (AL = CL-1, CWL =5, BL8)
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 ™
CK# ————= \/7 I I [ I _ I_ [ I I _ I __
CK [Sp——) —— ——l ——l —— 4 —— ——l —— — ——l
| | | | | | | | | |
Command'S WRITE, NOP NOP NOP NOP NOP NOP NOP NOP NOP READ
} } twWTR™® N
| |
Address™ Benk Bank A
tWPRE } } tWPST,
- ‘r - —_———
o0s.o0s# 7 G e G 7 7
1 1
b0? !
WL=5 RL=6
gg TIME BREAK TRANSITIONING DATA DON'T CARE
Notes:
1. BC4,WL=5RL=6.
2. Din n = data-in from column n; Dout b = data-out 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] = 10 during WRITE command at TO and READ command at Tn.
5. twTR controls the write to read delay to the same device and starts with the first rising clock edge after the last write data
shown at T7.
Figure 457 WRITE (BC4) to READ (BC4) Operation
DQS, DQS# [ — )
DQ*2
WL=5
Sg TIME BREAK TRANSITIONING DATA DON'T CARE
Notes:

1. BC4, WL=5RL=6.

. Din n = data-in from column n; Dout b = data-out from column b.

. BC4 setting activated by MRO A[1:0] = 10 during WRITE command at TO.

2
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4
5

. The write recovery time (twR) referenced from the first rising clock edge after the last write data shown at T7. twR specifies
the last burst write cycle until the precharge command can be issued to the same bank.

Figure 46 1 WRITE (BC4) to PRECHARGE Operation
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CK#
CK
Command™?
aadress (X R K S
| tWPRE | | twpPsT
- |, —— |, —
/ -
DQS, DQS# [ A L __ CX_} _ i S S e A ]
DO? e T A v
_ WL=5 //
NOTES: 1.BC4 on the fly, WL=5 (CWL =5, AL = 0)
2. Din n (or b) = data-in from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 on the fly setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO. gg TIME BREAK TRANSITIONING DATA [©] DON'T CARE
5. The write recovery time (tWR) starts at the rising clock edge T9 (4 clocks from T5).
Figure 471 WRITE (BC4) OTF to PRECHARGE Operation
TO T1 T2 T3 T4 T5
S 1__ 1__ |__ 1__ |__ |__ |__ :__
CK — [ N — N N N _ N [
Command® @(WRWE)@( NOP )@( NOP @ NOP @WRWE}@( NOP NOP NOP
« tcco N | | | | » | | 4 clocks | |
| | | | | 1 |
Address™ [P X BTN, XER s,

>
> | | | | | |

|
DQS, DQSH [

T T twpsT
[ —>

1
Din
b+3

1
Din
b+l

Dln
n+7

Dln
n+3

Dln
n+5

Dln
n+l

R G G G R T

DQ? DIERIED

Dlin N\
b+7 /f

1
Din
b+5

Ko oo X

WL =5

WL=5

»
P

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

2. Din n (or b) = data-in 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 WRITE command at TO and T4.

5. The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write data shown at T13.

TRANSITIONING DATA [] DON'T CARE

Figure 48 i WRITE (BL8) to WRITE (BL8)
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CK#
CK
Command™3
Address™
0Qs, 0Qs# [ 77777 77 SR SR G S S 777 SR S G S S 7/ 7
]
p* — COCTRECD CCIREIRED
< < ; WL =5 >
NOTES: 1.BC4,WL=5(CWL=5,AL=0)
2. Din n (or b) = data-in from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setti tivated by MRO A[1:0] = 01 and A12 = 0 during WRITE d at TO and T4. .
5. The V\S/Et;nrg?gvgray ?imey(tWR) and write tiﬁ?ng parametel:rE?V%ITR) are (r:gfrggsgedafrom :’:\Qe first rising clock edge at T13 (4 clocks from T9). TRANSITIONING DATA E DONT CARE
Figure 497 WRITE (BC4) to WRITE (BC4) OTF
TO T1
CK# ————r—>lr—-
CK \ \ \ — \ —
Command® @(wmm)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@(READ)@( NOP )@
| | | | M tWTR
Address™ [ 2GR X S S S 23."§ A
tWPRE . | | | | twPST
- -— I-— I-— I-— l-—
DQS, DQs# [ I ,aiumwmmw s ]
DQ? ¢ °n IERIED G G G N ED)

A

NOTES:

rwbp

RL=6(CL=6,AL=0), WL=5(CWL =5, AL = 0)

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

00 or MRO A[1:0]

Din n = data-in from column n; Dout b = data-out from column b.
NOP commands are shown for ease of illustration; other commands may be valid at these times.
=01 and A12 = 1 during WRITE command at TO.

READ command at T13 can be either BC4 or BL8 depending on MRO A[1:0] and A12 status at T13.

RL =6

TRANSITIONING DATA [<7] DON'T CARE

Figure 50 i WRITE (BL8) to READ (BC4/BL8) OTF
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CK# -- == V== V==
CK _*\jl \__, \__, N N (N N _ —_ -—-
Command®3 )@( NOP )@( NOP >@< NOP >@( NOP @ NOP >@( NOP >@<READ>@( noP X
s A i R AIIII
- ) | s ]
bs, 0as# [ s 72/ SR S S G 7777/ LAY s
oo . ><5:2 A

NOTES: RL=6(CL=6,AL=0), WL=5(CWL=5,AL =0)

Din n = data-in from column n; Dout b = data-out 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 WRITE command at TO. TRANSITIONING DATA E] DON'T CARE
READ command at T13 can be either BC4 or BL8 depending on MRO A[1:0] and A12 status at T13.

MR

Figure 511 WRITE (BC4) to READ (BC4/BL8) OTF

TO T1 T6 T7 T8 T9 T10 T11 T12 T13 T14
CK# -—== Ir— - ,—— \ |
N — I
commnt” DT @ @ @ L ¢ G A D xzf‘a x@ X X B A AN

| | tWTR
address [N BN, 77 i AN EX A
« tWPRE | | | twPST
-— I-— I-—
DQS, DQS# |7, S ;QTX_)’_X_)’_X_)C//X/ o S
DQ? <<°n GBI
" WL =5 ‘ . RL=6
NOTES: 1.RL=6(CL=6, AL =0), WL =5 (CWL =5, AL = 0)
2. Din n = data-in from column n; Dout b = data-out 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] = 10

TRANSITIONING DATA [<7] DON'T CARE

Figure 52i WRITE (BC4) to READ (BC4)
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CK#
CK

Command™

|
pssess” PN ENTZTZTTT777. L7777 77 77 77 7 7 770 7 77777

4 clocks
< | | I
<

T twest
| —>]

bes, Des# [ 777 % S G S D S G G G S G S G S G 7
L L L L - L - L
DQ? — EEE I ENE
N - - =! wL=5 ‘|
< >
NOTES: 1.WL=5(CWL=5, AL=0)
2. Din n (or b) = data-in 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 WRITE command at TO. TRANSITIONING DATA [#7] DON'T CARE
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T4.
Figure 537 WRITE (BL8) to WRITE (BC4) OTF
T6 T7 T8 T9 T10 T11 T12 T13 T14
CK# |, —— l,—— I, ,
CK \ — I . — I N —
Comman? D A G XX
| | |
| | |
Address™ corn K L A ity N L S 7
tWPRE : T twest | tWPRE : | : : twPST
DQs, DQs# L K XK XK X G I X X K X X X R
DQ? e DE'; \ 7= = &
P WwL=5 -
< - > WL=5 R
NOTES: 1.WL=5(CWL=5,AL=0)

2. Din n (or b) = data-in from column n (or 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 WRITE command at TO. TRANSITIONING DATA [<] DONT CARE
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T4.

Figure 54 i WRITE (BC4) to WRITE (BL8) OTF
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8.15 Refresh Command

The Refresh command (REF) is used during normal operation of the DDR3L SDRAMSs. This command
is non persistent, so it must be issued each time a refresh is required. The DDR3L SDRAM requires
Refresh cycles at an average periodic interval of tREFI. When CS#, RAS# and CAS# are held Low and
WE# High at the rising edge of the clock, the chip enters a Refresh cycle. All banks of the SDRAM
must be precharged and idle for a minimum of the precharge time trRP(min) before the Refresh
Command can be applied. The refresh addressing is generated by the internal refresh controller. This
makes the address bits fDon't Caredduring a Refresh command. An internal address counter supplies
the addresses during the refresh cycle. No control of the external address bus is required once this
cycle has started. When the refresh cycle has completed, all banks of the SDRAM will be in the
precharged (idle) state. A delay between the Refresh Command and the next valid command, except
NOP or DES, must be greater than or equal to the minimum Refresh cycle time tRFC(min) as shown in
Figure 55. Note that the tRFC timing parameter depends on memory density.

In general, a Refresh command needs to be issued to the DDR3L SDRAM regularly every trREFI
interval. To allow for improved efficiency in scheduling and switching between tasks, some flexibility in
the absolute refresh interval is provided. A maximum of 8 Refresh commands can be postponed
during operation of the DDR3L SDRAM, meaning that at no point in time more than a total of 8
Refresh commands are allowed to be postponed. In case that 8 Refresh commands are postponed in
a row, the resulting maximum interval between the surrounding Refresh commands is limited to 9 x
tREFI (see Figure 56). A maximum of 8 additional Refresh commands can be issued in advance
(Apull ed inodo), wi t h e aaof egumamRefresheammandsireguirednater by or.b e r
Note that pulling in more than 8 Refresh commands in advance does not further reduce the number of
regular Refresh commands required later, so that the resulting maximum interval between two
surrounding Refresh commands is limited to 9 x tREFI (see Figure 57). At any given time, a maximum
of 16 REF commands can be issued within 2 x trRErI. Self-Refresh Mode may be entered with a
maximum of eight Refresh commands being postponed. After exiting Self-Refresh Mode with one or
more Refresh commands postponed, additional Refresh commands may be postponed to the extent
that the total number of postponed Refresh commands (before and after the Self-Refresh) will never
exceed eight. During Self-Refresh Mode, the number of postponed or pulled-in REF commands does
not change.

TO Tl Tao Tal ThO Tbl Tb2 Tb3 Tco Tel Tc2 Te3

o |
R

W,

tRFC(Min)

tREFI (Max. 9 X tREFI)

DRAM must be idle DRAM must be idle

NOTES: 1. Only NOP/DES commands allowed after Refresh command registered until tRFc(min) expires.
e
2. Time interval between two Refresh commands may be extended to a maximum of 9 x tREFI. % TIME BREAK DON'T CARE

Figure 551 Refresh Command Timing

Publication Release Dat#ug. 01, 2016
Revision: A01
-65-



W631GUBKS
V/ winbond I/ 4

9 X tREFI

A
-

tRFC

T

8 REF-Commands pulled-in

Figure 56 1 Postponing Refresh Commands (Example)

L ==t ]
Pt
tRFC

8 REF-Commands pulled-in

Figure 57 1 Pulling-in Refresh Commands (Example)
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8.16 Self-Refresh Operation

The Self-Refresh command can be used to retain data in the DDR3L SDRAM, even if the rest of the
system is powered down. When in the Self-Refresh mode, the DDR3L SDRAM retains data without
external clocking. The DDR3L SDRAM device has a built-in timer to accommodate Self-Refresh
operation. The Self-Refresh-Entry (SRE) Command is defined by having CS#, RAS#, CAS#, and CKE
held low with WE# high at the rising edge of the clock.

Before issuing the Self-Refresh-Entry command, the DDR3L SDRAM must be idle with all bank

precharge state with tRP s at i sf i ed. 6l dle stated i s Rr ¢AL etee d

satisfied), no data bursts are in progress, CKE is high, and all timings from previous operations are
satisfied (tMRD, tMOD, tRFC, tzQinit, tzQoper, tzQcs, etc.) Also, on-die termination must be turned off
before issuing Self-Refresh-Entry command, by ei t her r egi st er i n @.5tcRIpior
to the Self-Refresh Entry command or using MRS to MR1 command. Once the Self-Refresh Entry
command is registered, CKE must be held low to keep the device in Self-Refresh mode. During
normal operation (DLL on), MR1 (A0 = 0), the DLL is automatically disabled upon entering Self-
Refresh and is automatically enabled (including a DLL-Reset) upon exiting Self-Refresh.

When the DDR3L SDRAM has entered Self-Refresh mode, all of the external control signals, except
CKEand RESET¢#ntcaeer @ Rar p-Relrgske aperddian] afl power supply and reference
pins (VDD, VDDQ, Vss, VssQ, VREFCA and VREFDQ) must be at valid levels. VREFDQ supply may be
turned OFF and VREFDQ may take any value between Vss and VDD during Self Refresh operation,
provided that VREFDQ is valid and stable prior to CKE going back High and that first Write operation or
first Write Leveling Activity may not occur earlier than 512 nCK after exit from Self Refresh. The
DRAM initiates a minimum of one Refresh command internally within tCKE period once it enters Self-
Refresh mode.

The clock is internally disabled during Self-Refresh Operation to save power. The minimum time that
the DDR3L SDRAM must remain in Self-Refresh mode is tCKESR. The user may change the external
clock frequency or halt the external clock tcksRE after Self-Refresh entry is registered, however, the
clock must be restarted and stable tcksrx before the device can exit Self-Refresh operation.

The procedure for exiting Self-Refresh requires a sequence of events. First, the clock must be stable
prior to CKE going back HIGH. Once a Self-Refresh Exit command (SRX, combination of CKE going
high and either NOP or Deselect on command bus) is registered, a delay of at least txs must be
satisfied before a valid command not requiring a locked DLL can be issued to the device to allow for
any internal refresh in progress. Before a command that requires a locked DLL can be applied, a delay
of at least txsbLL must be satisfied.

Depending on the system environment and the amount of time spent in Self-Refresh, ZQ calibration
commands may be required to compensate for the voltage and temperature drift as described in
section 8.18 AZQ Calibration Commandso on page 77. To issue ZQ calibration commands,
applicable timing requirements must be satisfied (See Figure 72 - AiZQ Calibration Timingd on page
78).

CKE must remain HIGH for the entire Self-Refresh exit period txspLL for proper operation except for
Self-Refresh re-entry. Upon exit from Self-Refresh, the DDR3L SDRAM can be put back into Self-
Refresh mode after waiting at least txs period and issuing one refresh command (refresh period of
tRFC). NOP or deselect commands must be registered on each positive clock edge during the Self-
Refresh exit interval txs. ODT must be turned off during txsDLL.
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The use of Self-Refresh mode introduces the possibility that an internally timed refresh event can be
missed when CKE is raised for exit from Self-Refresh mode. Upon exit from Self-Refresh, the DDR3L
SDRAM requires a minimum of one extra refresh command before it is put back into Self-Refresh

Mode.

TO T1 T2

S O XD

{CKSRE
s tCPDED

cke 7 | Nk

tCKESR )

=

ODT%__@;_’% LA | S A /A{}éx /3%& ore

ODTL

Command NOP SRE Y/ X NoP ) A S 24 SRX NOP'! VALID? VAL|D‘3)€ E
J
VA

Address / // / /W” // / VALID VALID )<Z
)

tRP txs R
tXsSDLL
Enter Self Refresh Exit Self Refresh
gg TIME BREAK DON'T CARE
Notes:

1. Only NOP or DES command.
2. Valid commands not requiring a locked DLL.
3. Valid commands requiring a locked DLL.

Figure 581 Self-Refresh Entry/Exit Timing
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8.17 Power-Down Modes
8.17.1 Power-Down Entry and Exit

Power-down is synchronously entered when CKE is registered low (along with NOP or Deselect
command). CKE is not allowed to go low while mode register set command, MPR operations, ZQCAL
operations, DLL locking or read / write operation are in progress. CKE is allowed to go low while any
of other operations such as row activation, precharge or auto-precharge and refresh are in progress,
but power-down IDD spec will not be applied until finishing those operations. Timing diagrams are
shown in Figure 59 through Figure 71 with details for entry and exit of Power-Down.

The DLL should be in a locked state when power-down is entered for fastest power-down exit timing. If
the DLL is not locked during power-down entry, the DLL must be reset after exiting power-down mode
for proper read operation and synchronous ODT operation. DRAM design provides all AC and DC
timing and voltage specification as well as proper DLL operation with any CKE intensive operations as
long as DRAM controller complies with DRAM specifications.

During Power-Down, if all banks are closed after any in-progress commands are completed, the
device will be in precharge Power-Down mode; if any bank is open after in-progress commands are
completed, the device will be in active Power-Down mode.

Entering power-down deactivates the input and output buffers, excluding CK, CK#, ODT, CKE and
RESET#. To protect DRAM internal delay on CKE line to block the input signals, multiple NOP or
Deselect commands are needed during the CKE switch off and cycle(s) after, this timing period are
defined as tcPDED. CKE_low will result in deactivation of command and address receivers after tCPDED
has expired.

Table 77 Power-Down Entry Definitions

Status of DRAM MRS bit A12 DLL PD Exit | Relevant Parameters

Active

Don't Care On Fast tXP to any valid command
(A bank or more Open) y

tXP to any valid command. Since it is in precharge state,

Precharged 0 off Slow commands here will be ACT, REF, MRS, PRE or PREA.
(All banks Precharged) tXPDLL to commands that need the DLL to operate, such

as RD, RDA or ODT control line.

Precharged

1 On Fast tXP to any valid command
(All banks Precharged) y

Also, the DLL is disabled upon entering precharge power-down (Slow Exit Mode), but the DLL is kept
enabled during precharge power-down (Fast Exit Mode) or active power-down. In power-down mode,
CKE low, RESET# high, and a stable clock signal must be maintained at the inputs of the DDR3L
SDRAM, and ODT should be in a valid state, but all other input signa | s aon't€Caréd. Db (| f
goes low during Power-Down, the DRAM will be out of PD mode and into reset state.) CKE low must
be maintained until tcKE has been satisfied. Power-down duration is limited by 9 times tRerI of the
device.

The power-down state is synchronously exited when CKE is registered high (along with a NOP or
Deselect command). CKE high must be maintained until tcCKE has been satisfied. A valid, executable
command can be applied with power-down exit latency, txp and/or txpPDLL after CKE goes high. Power-
down exit latency is defined in section 10.16 AAC Characteristicso on page 137.

Active Power Down Entry and Exit timing diagram example is shown in Figure 59. Timing Diagrams
for CKE with PD Entry, PD Exit with Read and Read with Auto Precharge, Write, Write with Auto
Precharge, Activate, Precharge, Refresh, and MRS are shown in Figure 60 through Figure 68.
Additional clarifications are shown in Figure 69 through Figure 71.
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TO T1 T2

CK#t ———— -- -— -
" D G G G
Command ", VAL|D>@< NOP )@( NOP L
B tPD
—|
CKE ——— s tiH

tiH

Address "7/ X VALD X,

i

tCPDED
Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK E DON'T CARE

Note:

1. VALID command at TO is ACT, NOP, DES or PRE with still one bank remaining open after completion of the precharge
command.

Figure 591 Active Power-Down Entry and Exit Timing Diagram

TO T1 Ta0 Tal Ta2 Ta3 Tad Tas Taé Ta7 Ta8 Tbo Tbl
CK# ——=—+
CK
Command
| tCPDED
| | | | tis
| | | | )t\—»
cke 2 | X&T N X | T | X
] ] ] |
| | | |
! 1 | |
Address @Euo)(/ / / / ‘ /
tPD
DQS, DQS#
DQ BL8
pQBCA o )
tRDPDEN

Power-Down
Entery

gg TIME BREAK TRANSITIONING DATA DON'T CARE

Figure 601 Power-Down Entry after Read and Read with Auto Precharge
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T0 T1
CK#t ————y—\——
CK —— -
Command [/ Xwre) 77X or )
; ; ;
| | | ts
| | | [l
CKEM‘(K/JWWWY{/WW ZERY.
| | |
Address @@@V ; y z
T T f
I I I
HNEEEEEN |
ro 7 | X2 7
WR™ ‘ { PD {
| [ \
DQS, DQS# [ ]
DQ BL8
Start Internal
Precharge
bQecs (T REERE) ,
tWRAPDEN
1 1
Power-Down
Entery
{ e BreAk TRANSITIONING DATA  [/]] DONT CARE
Note:

1. twRis programmed through MRO.
Figure 617 Power-Down Entry after Write with Auto Precharge

tcPDED
itess LZ2XEDNT
T T T
HNEEENEN
| | |
A 77 XL 7
e I w y
)l |
DQS, DQSH [ 7
DQBLS
DQ BC4 I
TWRPDEN
f f
Power-Down
Entery
SS TIME BREAK TRANSITIONING DATA ﬂ DON'T CARE

Figure 621 Power-Down Entry after Write
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TO T1 T2 Ta0 Tal
CK# ———— - - - -

CK - — P P P — —

Command Jf?(VALID)@( NOP )@( NOP /,.fr ,-"'x NoP

tCPDED

< > <

|

tis tiH
CKE s

tis

tPD

3
| ]
e ————

Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK DON'T CARE

Figure 631 Precharge Power-Down (Fast Exit Mode) Entry and Exit

TO T T2 Ta0 Tal Tho Tbl Tco Tdo
CK# ———~ -- - - - - - - -

Command VALID NOP NOP 7 NOP NOP NOP VALIDY i MLID

tCPDED tCKE

CKE A )[E’ ‘“_H:IV//{_’ \ VALID VALIDY X vALDK -

s txp N

tXPDLL ”

I I

tPD

A

A4
A A
_

A 4

Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK @ DON'T CARE

Figure 641 Precharge Power-Down (Slow Exit Mode) Entry and Exit
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REF W NOP W NOP y;/ NOP WVALID
address 7 X VAo Koy R VA0 Ko o A i K

tCPDED -

CK# /==

Command

NS

D

<

L s | tPD

< L P

e 777 | 7 | [N

tREFPDEN o
P

gg TIME BREAK @ DON'T CARE

Figure 651 Refresh Command to Power-Down Entry

Command

>

A
\
\
>
SHIN

o R

o 1CPDED o
<

Address /ﬂ i X VAM V.

L s | tPD
< »ie »>

we 777 | 7 | Vi

tACTPDEN |
»

gg TIME BREAK @ DON'T CARE

Figure 66 1 Active Command to Power-Down Entry
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TO

T1

Command

T2 T3
—— [R—— —_——
E5Y ) ) 77 )

wisess NN NN

tis

tCPDED

»

<

<

tPD

CKE

\%

<

tPREPDEN »
P

<
<

gg TIME BREAK @ DON'T CARE

Figure 67 1 Precharge / Precharge all Command to Power-Down Entry

—_—_——— =

T1

;== —

Ta0

Tal

-y

ThO Thl

Command ‘Zﬁ&( MRS x&ii.ﬁx NOP X/

‘.'_/:X NOP W NOP ><r""-

T e X

Address ,/,/,/)< WAL W/{/r/f/f/{/;

VI

L AR

[

Q5

tis

{CPDED

tPD

CKE é}_j’/

X7

A

P

tMRSPDEN

A4

A

Sg TIME BREAK DON'T CARE

Figure 68 1 MRS Command to Power-Down Entry
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8.17.2 Power-Down clarifications - Case 1
When CKE is registered low for power-down entry, tPD(

winbond

W631GUBKS
/4

min) must be satisfied before CKE can be

registered high for power-down exit. The minimum value of parameter tPbD(min) is equal to the
minimum value of parameter tcKe(min) as shown in section 10.16 AAC Characteristicso on page 137.

A detailed example of Case 1 is shown in Figure 69.

TO T1 T2 Ta0 Tal ThO Thl Th2
CK# ———~ - - - - - - -
CK —_— p— — [ —_ —_ [—— —_—
Command /XVAUD)@( NOP )@( NOP ~ X NoP NOP )@( NOP )@(VALID)@
N tPD >
CKE h ¢ e
1S IH \.-.- 1S
|
tH us | tCKE .
Address 7 X VALY~
tCPDED tCPDED
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode
§ TmeBrEAk ] DONTCARE

Figure 697 Power-Down Entry/Exit

8.17.3 Power-Down clarifications - Case 2

For certain CKE intensive
the number of clock cycles between PD Exit and PD

Clarifications - Case 1

oper atRefreshsPD fEmt ex@ mpe @guemee
Entry may be insufficient to keep the DLL

updated. Therefore, the following conditions must be met in addition to tCKE in order to maintain
proper DRAM operation when the Refresh command is issued between PD Exit and PD Entry. Power-
down mode can be used in conjunction with the Refresh command if the following conditions are met:

1) txp must be satisfied before issuing the command.

2) txpDLL must be satisfied (referenced to the registration

of PD Exit) before the next power-down can

be entered. A detailed example of Case 2 is shown in Figure 70.

Ta0

CKE

Address = = = =
_ tCPDED < txp |
< » < gl
P IXPDLL N
o 1 1 "
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode

§ mmeBreak [ DonTCARE

Figure 701 Power-Down Entry/Exit Clarifications - Case 2
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8.17.4 Power-Down clarifications - Case 3

W631GUBKS

If an early PD Entry is issued after a Refresh command, once PD Exit is issued, NOP or DES with
CKE High must be issued until tRFc(min) from the Refresh command is satisfied. This means CKE can
not be registered low twice within a tRFc(min) window. A detailed example of Case 3 is shown in

Figure 71.

CK# ———
CK

Command

TO T1 T2

tPD

CKE :1 s P
tiH tis toKE
Address ", e = A = A s A
_ tCPDED < txp =|
’ ) " tRFC(min) ! R
- ] I I 4
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode

gg TIME BREAK E DON'T CARE

Figure 711 Power-Down Entry/Exit Clarifications - Case 3
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8.18 ZQ Calibration Commands
8.18.1 ZQ Calibration Description

ZQ Calibration command is used to calibrate DRAM RON & ODT values over PVT (process, voltage
and temperature). An external resistor (RzQ) between the DRAM ZQ pin and ground is used as a
calibration reference. DDR3L SDRAM needs longer time to calibrate output driver and on-die
termination circuits after power-up and/or any reset, medium time for a full calibration during normal
operation (e.g. after self-refresh exit) and relatively smaller time to perform periodic update calibrations.

ZQCL (ZQ Calibration Long) command is used to perform the initial calibration during power-up
initialization sequence. This command may be issued at any time by the controller depending on the
system environment. ZQCL command triggers the calibration engine inside the DRAM and, once
calibration is achieved, the calibrated values are transferred from the calibration engine to DRAM 10,
which gets reflected as updated output driver and on-die termination values.

The first ZQCL command issued after reset is allowed a timing period of tzQinit to perform the full
calibration and the transfer of values. All other ZQCL commands except the first ZQCL command
issued after RESET are allowed a timing period of tzQoper.

ZQCS (ZQ Calibration Short) command is used to perform periodic calibrations to account for voltage

and temperature variations. A shorter timing window is provided to perform the calibration and transfer

of values as defined by timing parameter tzQcs. One ZQCS command can effectively correct a

minimum of 0.5 % (ZQ Correction) of RON and RTT impedance error within 64 nCK for all speed bins

assuming the maximum sensitivities specified in the 6 Out put Driver Vol tage and
SensitandiétOPPd@ Vol t argneperaunedS e n s i t fahles.t The appropriate interval

between ZQCS commands can be determined from these tables and other application-specific

parameters. One method for calculating the interval between ZQCS commands, given the temperature

(Tdriftrate) and voltage (Vdriftrate) drift rates that the SDRAM is subject to in the application, is

illustrated. The interval could be defined by the following formula:

ZQCorrecti  on
(TSens x Tdritrate ) + (VSens x \driftrate )

where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM
temperature and voltage sensitivities.

For example, if TSens = 1.5%/ C, VSens = 0.15%/mV, Tdriftrate = 1 "C/sec and Vdriftrate = 15 mV/sec,
then the interval between ZQCS commands is calculated as:

0.5

= 0.133 &4 128mS

(1.5 x1) + (015 x15)
No other activities should be performed on the DRAM channel by the controller for the duration of
tzQinit, tzQoper, or tzQcs. The quiet time on the DRAM channel allows accurate calibration of output
driver and on-die termination values. Once DRAM calibration is achieved, the DRAM should disable
ZQ current consumption path to reduce power.

All banks must be precharged and tRp met before ZQCL or ZQCS commands are issued by the
controller. See section 9.1 fiCommand Truth Tabled on page 94 for a description of the ZQCL and
ZQCS commands.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self
refresh. Upon Self-Refresh exit, DDR3L SDRAM will not perform an 10 calibration without an explicit
ZQ calibration command. The earliest possible time for ZQ Calibration command (ZQCS or ZQCL)
after self refresh exit is txs.

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of
tzQoper, tzQinit, or tzQcs between the devices.
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8.18.2 ZQ Calibration Timing
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CK#
CK

Command

Address

oDT 7 \"2
DQ Bus *3 Hi-Z ACTIVITIES Hi-Z ACTIVITIES
tzQinit or tzQoper tzqQcs N
1 >
§ TivE BREAK DON'T CARE
Notes:

1. CKE must be continuously registered high during the calibration procedure.

2. On-die termination must be disabled via the ODT signal or MRS during the calibration procedure.
3. All devices connected to the DQ bus should be high impedance during the calibration procedure.

Figure 721 ZQ Calibration Timing

8.18.3 ZQ External Resistor Value, Tolerance, and Capacitive loading

In order to use the ZQ Calibration function, a 240 ohm * 1% tolerance external resistor must be
connected between the ZQ pin and ground. The single resistor can be used for each SDRAM or one
resistor can be shared between two SDRAMs if the ZQ calibration timings for each SDRAM do not
overlap. The total capacitive loading on the ZQ pin must be limited (See section 10.11 Alnput/Output

Capacitanceo on page 119).
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8.19 On-Die Termination (ODT)

ODT (On-Die Termination) is a feature of the DDR3L SDRAM that allows the DRAM to turn on/off
termination resistance for each DQU, DQL, DQSU, DQSU#, DQSL, DQSL#, DMU and DML signal via
the ODT control pin. The ODT feature is designed to improve signal integrity of the memory channel
by allowing the DRAM controller to independently turn on/off termination resistance for any or all
DRAM devices. More details about ODT control modes and ODT timing modes can be found further
down in this document:

The ODT control modes are described in section 8.19.1
The ODT synchronous mode is described in section 8.19.2
The dynamic ODT feature is described in section 8.19.3
The ODT asynchronous mode is described in section 8.19.4

The transitions between ODT synchronous and asynchronous are described in section 8.19.4.1
through section 8.19.4.4

The ODT feature is turned off and not supported in Self-Refresh mode.

A simple functional representation of the DRAM ODT feature is shown in Figure 73.

| |
| ODT VDDQ /2 |
| |
To other | RTT I
circuitry I —/ I
like I Swtich :
RCV.6 | | |
| : DQ, DQS, DM
|
| |
—_— e e — — - — —_ —_ = 4

Figure 731 Functional Representation of ODT

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other
control information, see below. The value of RTT is determined by the settings of Mode Register bits
(See Figure 6 - MR1 Definition and Figure 7 - MR2 Definition). The ODT pin will be ignored if the
Mode Registers MR1 and MR2 are programmed to disable ODT, and in self-refresh mode.

8.19.1 ODT Mode Register and ODT Truth Table

The ODT Mode is enabled if any of MR1 {A9, A6, A2} or MR2 {A10, A9} are non zero. In this case, the
value of RTT is determined by the settings of those bits (see Figure 6 on page 20).

Application: Controller sends WR command together with ODT asserted.
One possible application: The rank that is being written to provides termination.
DRAM turns ON termination if it sees ODT asserted (unless ODT is disabled by MR).
DRAM does not use any write or read command decode information.
The Termination Truth Table is shown in Table 8.

Table 81 Termination Truth Table

ODT pin DRAM Termination State
0 OFF
1 ON, (OFF, if disabled by MR1 {A9, A6, A2} and MR2 {A10, A9} in general)
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8.19.2 Synchronous ODT Mode
Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-
down definition, these modes are:

Any bank active with CKE high

Refresh with CKE high

Idle mode with CKE high

Active power down mode (regardless of MRO bit A12)

Precharge power down mode if DLL is enabled during precharge power down by MRO bit A12.

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.

In synchronous ODT mode, RTT will be turned on ODTLon clock cycles after ODT is sampled high by
a rising clock edge and turned off ODTLoff clock cycles after ODT is registered low by a rising clock
edge. The ODT latency is tied to the write latency (WL) by: ODTLon = WL - 2; ODTLoff = WL - 2.

8.19.2.1 ODT Latency and Posted ODT

In Synchronous ODT Mode, the Additive Latency (AL) programmed into the Mode Register (MR1) also
applies to the ODT signal. The DRAM internal ODT signal is delayed for a number of clock cycles
defined by the Additive Latency (AL) relative to the external ODT signal. ODTLon = CWL + AL - 2;
ODTLoff = CWL + AL - 2. For more details refer to the ODT timing parameters in section 10.16 AAC
Characteristicso on page 137.

Table 917 ODT Latency

Symbol Parameter DDR3L-1333/1600/1866 Unit
ODTLon ODT turn on Latency WL-2=CWL+AL-2

nCK
ODTLoff ODT turn off Latency WL-2=CWL+AL-2

8.19.2.2 Timing Parameters
In synchronous ODT mode, the following timing parameters apply (see also Figures 74):

ODTLon, ODTLoff, tAON,min,max, tAOF,min,max.

Minimum RTT turn-on time (tAONmin) is the point in time when the device leaves high impedance and
ODT resistance begins to turn on. Maximum RTT turn on time (taAoNmax) is the point in time when the
ODT resistance is fully on. Both are measured from ODTLon.

Minimum RTT turn-off time (tAOFmin) is the point in time when the device starts to turn off the ODT
resistance. Maximum RTT turn off time (ta0Fmax) is the point in time when the on-die termination has
reached high impedance. Both are measured from ODTLoff.

When ODT is asserted, it must remain high until ODTH4 is satisfied. If a Write command is registered
by the SDRAM with ODT high, then ODT must remain high until ODTH4 (BL = 4) or ODTHS8 (BL = 8)
after the Write command (see Figure 75). ODTH4 and ODTHS8 are measured from ODT registered
high to ODT registered low or from the registration of a Write command until ODT is registered low.

ODT must be held high for at least ODTH4 after assertion (T1); ODT must be kept high ODTH4 (BL =
4) or ODTHS8 (BL = 8) after Write command (T7). ODTH is measured from ODT first registered high to
ODT first registered low, or from registration of Write command with ODT high to ODT registered low.
Note that although ODTHA4 is satisfied from ODT registered high at T6, ODT must not go low before
T11 as ODTH4 must also be satisfied from the registration of the Write command at T7.
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TO T1 T2 T3 T4 T5 T6 T T13 T14 T15
CK# ——— -— - - - - - - - - - - - - - -
ok — A XL _J X X X X X0 _J 0 0 0 XXX
CKE (A AR VAR C A B S A /A VA A B VA A I A VA A B A
N AL=3 > “ AL=3 0 CWL -2 >
obT L | T X X T | T A
* ODTH4min > * ODTLoff = CWL + AL - 2 >
) ODTLon=CWL + AL -2 >
tAOFmin

tAONmin |;:

Rtt_Nom m

tAOFmax

DRAM_RTT

| tAONmax

TRANSITIONING  [#] DON'T CARE

Figure 741 Synchronous ODT Timing (AL = 3; CWL =5; ODTLon = AL + CWL -2 =6; ODTLoff =AL + CWL -2 =6)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
SRR SR SRR SN SN D
Vo | NS | S X NS | S

command €X NoP WX NoP XX NoP XCAX NoP WA Nop W X NoP WX Nop YT X WRsa YA NoP Y™ M Nop XX NoP YA} NoP YA NoP XX Nop Y- X Nop WA Nop WX Nop Yo" X Nop X0~

ODTH4 ODTH4min
ODTH4
opT FT |\ X T AL LT | T T N [ XA LA A [N FA FA | £
ODTLoff =WL -2 > ODTLoff = WL - 2 >
) ODTLon=WL -2 > ODTLon =WL - 2 >
tAONmin |<—> tAOFmin —H tAONmax || tAOFmin
DRAM_RTT oo Ri_Nom I )
—l:b tAONmax tAONmin
tAOFmax tAOFmax

TRANSITIONING  [©7] DON'T CARE

Figure 751 Synchronous ODT (BL =4, WL =7)
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8.19.2.3 ODT during Reads

As the DDR3L SDRAM can not terminate and drive at the same time, RTT must be disabled at least half a clock cycle before the read preamble by driving
the ODT pin low appropriately. RTT may not be enabled until the end of the post-amble as shown in the example below. As shown in Figure 76 below, at
cycle T15, DRAM turns on the termination when it stops driving, which is determined by tHz. If DRAM stops driving early (i.e., tHz is early), then tAONmIn
timing may apply. If DRAM stops driving late (i.e., tHz is late), then DRAM complies with tAoNmax timing. Note that ODT may be disabled earlier before the
Read and enabled later after the Read than shown in this example in Figure 76.

\—— —— —— —— ~-— —-— -
AN T_I‘ T_I —7 - — -

Address

Command READ NOP NOP WX NOP XX NoP Yo" X NoP XX NoP XX NoP WA NoP Y X NoP Y X NoP XX NoP X=X NP W"_”X NoP X~ X NoP X~ X NoP X=X Nop XX Nop ¥~
VALID ”

S £ L S £ 7 A L

ooT L7 | NA__ LA LA\ A FA A NG T [T T\ | TN T

™= ODTLon = CWL +AL - 2

ODTTLoff =CWL + AL -2

|4 tAOFmin
RTT | Rtt_Nom R Rtt_Nom |
Fm’ tAONmax
RL= AL +CL .
DQS, DQS# XXX XD
DQ i 802 I R GHE G EDIED,

TRANSITIONING [#] DON'T CARE

Figure 76 1 ODT must be disabled externally during Reads by driving ODT low.
(CL=6; AL=CL-1=5 RL=AL+CL=11; CWL =5; ODTLon =CWL +AL -2 =8; ODTLoff =CWL + AL -2=28)
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8.19.3 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 DDR3L SDRAM can be changed without issuing an MRS command.
Thisr equi rement is supported by the ADynamic ODTO featurt

8.19.3.1 Functional Description:

The Dynamic ODT Mode is enabled if bit (A9) or (A10) of MR2issettod 6. The function i s o
as follows:

Two RTT values are available: Rtt. Nom and Rtt. WR.

T The value for Rtt_Nom is preselected via bits A[9,6,2] in MR1.

T The value for Rtt_WR is preselected via bits A[10,9] in MR2.

During operation without write commands, the termination is controlled as follows:

T Nominal termination strength Rtt_Nom is selected.

T Termination on/off timing is controlled via ODT pin and latencies ODTLon and ODT Loff.

When a write command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if
Dynamic ODT is enabled, the termination is controlled as follows:

1 Alatency ODTLcnw after the write command, termination strength Rtt. WR is selected.

1 Alatency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or ODTLcwn4 (for BC4, fixed by
MRS or selected OTF) after the write command, termination strength Rtt_Nom is selected.

1 Termination on/off timing is controlled via ODT pin and ODTLon, ODT Loff.

Table 10 shows latencies and timing parameters which are relevant for the on-die termination control
in Dynamic ODT mode.

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.

When ODT is asserted, it must remain high until ODTH4 is satisfied. If a Write command is registered
by the SDRAM with ODT high, then ODT must remain high until ODTH4 (BL = 4) or ODTHS8 (BL = 8)
after the Write command (see Figure 77). ODTH4 and ODTH8 are measured from ODT registered
high to ODT registered low or from the registration of a Write command until ODT is registered low.
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Table 1071 Latencies and timing parameters relevant for Dynamic ODT
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Definition for all DDR3L

Name and Description Abbr. Defined from Defined to speed bins Unit
ODT turn-on Latency ODTLon Reglster!ng extgrnal Turning termination on ODTLon =WL -2 tcK
ODT signal high
ODT turn-off Latency ODTLoff Reglsterl_ng external Turning termination off ODTLoff =WL - 2 tcK
ODT signal low
ODT Latency for changing Registering external | Change RTT strength from _ )
from Rtt_Nom to Rtt. WR ODTLenw write command Rtt_Nom to Rtt. WR ODTLenw = WL - 2 teK
ODT Latency for change from Registering external | Change RTT strength from _
Rtt WR to Rtt_Nom (BL = 4) ODTLcwn4 write command Rtt WR to Rtt_Nom ODTLcwn4 = 4 + ODTLoff teK
ODT Latency for change from Registering external | Change RTT strength from _
Rtt WR to Rtt_Nom (BL = 8) ODTLcwng write command Rtt WR to Rtt_Nom ODTLcwng =6 + ODTLoff | tCK(avg)
Minimum ODT high time after Registering ODT . _
ODT assertion ODTH4 high ODT registered low ODTH4 =4 tCK(avg)
Minimum ODT high time after Registering Write . _
Write (BL = 4) ODTH4 with ODT high ODT registered low ODTH4 =4 tCK(avg)
Minimum ODT high time after Registering Write . _
Write (BL =8) ODTH8 with ODT high ODT registered low ODTH4 =6 tCK(avg)
ODTLcnw . tADC(min) = 0.3 * tCK(avg)
RTT change skew tADC RTT valid tCK(av
9 ODTLcwn tADC(max) = 0.7 * tcK(avg) (avg)
Note: tAOFnom and tADCnom are 0.5 tCK (effectively adding half a clock cycle to ODTLoff, ODTcnw and ODTLcwn)
8.19.3.2 ODT Timing Diagrams
The following pages provide exemplary timing diagrams as described in Table 11:
Table11i Ti mi ng Diagrams for fADynamic ODTO

Figure and Page

Description

Figure 77 on page 85

Figure 77, Dynamic ODT: Behavior with ODT being asserted before and after the write

Figure 78 on page 86

Figure 78, Dynamic ODT: Behavior without write command, AL =0, CWL =5

Figure 79 on page 86

Figure 79, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a duration
of 6 clock cycles

Figure 80 on page 87

Figure 80, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a duration

of 6 clock cycles, example for BC4 (via MRS or OTF), AL=0,CWL =5

Figure 81 on page 87

Figure 81, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a duration
of 4 clock cycles
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Address
) ODTH4 o [ ODTLoff |
h _ ! ODTH4 _ I* g
< »
oot [F\ FS VS WS W T T[T T[T XA_FAFA FA | FA [
" ODTLon . ODTLcwn4 .
tAONminl{-} [ tADCmin [ tADCmin [ tAOFmin
RTT 888 Ri_Nom ) RILWR oy Rit_Nom 38R
¥ tAONmax < » P
< ODTLcnw o ‘[ADCmax tADCmax |tAOFma><
DQs. 0es# [ s XN AN AN rrrss
DQ LGN GG
< >

NOTES: Example for BC4 (via MRS or OTF), AL = 0, CWL = 5. ODTH4 applies to first registering ODT high and to the registration of the Write command. =] TRANSITIONING DON'T CARE

In this example, ODTH4 would be satisfied if ODT went low at T8 (4 clocks after the Write command).

Figure 7717 Dynamic ODT: Behavior with ODT being asserted before and after the write
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CK#
CK

Command [

Address

oDT

RTT

DQS, DQS#

DQ

j ODTH4 =!
« ODTLon ~ < ODTLoff >
LA F7 X7 Y7 YIS ¥ YA
tAONmIn ¢} tAOFmin
) Rtt_Nom )
—':’ tAONmax |<—>
tAOFmax
A Py
TS B

TRANSITIONING DON'T CARE

Notes:

1. ODTH4 is defined from ODT registered high to ODT registered low, so in this example, ODTH4 is satisfied.
2. ODT registered low at T5 would also be legal.

Figure 78 1 Dynamic ODT: Behavior without write command, AL =0, CWL =5

CK#
CK

Command [

Address

oDT

RTT

DQS, DQS#

DQ

<

M ODTLon | B ODTLoff R
N/ V7 Y7 | VT Y [ YA FA FN FAN|FA Fl
tAONmIn |;-: [ tAOFmin
I,.:.:.:}xl Rttt WR oane
| tADCmax |<—>
ODTLcwn8 o | tAOFmax
>

—_

f’ffffff{ffffff/f///ff’//m

WL

{7

DI EDEDIEAIEDIEED)
TRANSITIONING

[] ponTecare

Note:

1. Example for BL8 (via MRS or OTF), AL = 0, CWL =5. In this example, ODTH8 = 6 is exactly satisfied.

Figure 791 Dynamic ODT: Behavior with ODT pin being asserted together with write command
for a duration of 6 clock cycles
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CK# —— —
CK
Command [ ) ) )
Address 77 T T T
. ODTH4 B ODTLoff R
el o e e e e N I W V-
ODTLon
) tAONmin 4; tADCmin ¢ tAOFmin [
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Notes:
1. ODTH4 is defined from ODT registered high to ODT registered low, so in this example, ODTH4 is satisfied.
2. ODT registered low at T5 would also be legal.
Figure 801 Dynamic ODT: Behavior with ODT pin being asserted together with write command
for a duration of 6 clock cycles, example for BC4 (via MRS or OTF), AL=0, CWL =5
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Note:

1. Example for BC4 (via MRS or OTF), AL = 0, CWL = 5. In this example, ODTH4 = 4 is exactly satisfied.

Figure 811 Dynamic ODT: Behavior with ODT pin being asserted together with write command
for a duration of 4 clock cycles
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8.19.4 Asynchronous ODT Mode

Asynchronous ODT mode is selected when DRAM runs in DLLon mode, but DLL is temporarily disabled (i.e. frozen) in precharge power-down (by MRO bit
Al12). Based on the power down mode definitions, this is currently Precharge power down mode if DLL is disabled during precharge power down by MRO
bit A12.

In asynchronous ODT timing mode, internal ODT command is NOT delayed by Additive Latency (AL) relative to the external ODT command.
In asynchronous ODT mode, the following timing parameters apply (see Figure 82): tAONPD,min,max, tAOFPD,mMin,max.

Minimum RTT turn-on time (tAONPDMIN) is the point in time when the device termination circuit leaves high impedance state and ODT resistance begins to
turn on. Maximum RTT turn on time (tAONPDmMax) is the point in time when the ODT resistance is fully on.

tAONPDMIN and tAONPDMax are measured from ODT being sampled high.

Minimum RTT turn-off time (tAoOFPDmMIN) is the point in time when the devices termination circuit starts to turn off the ODT resistance. Maximum ODT turn
off time (tAoFPDMax) is the point in time when the on-die termination has reached high impedance. tAoFPDmMin and tAOFPDmMax are measured from ODT
being sampled low.

TO T1 T2 T3
CK#t —— —
cK
CKELAN  FA [N LN FA | LA LN FA A AN FA A | AN
Ltﬂ tIs tiH tIs
[ o
ooT A AN FA A 11T\ X7 VS X N VS XA LA LN FA A [N F
tAONPDmMIn | tAOFPDmIN |¢))
RTT LN RTT R AR
. tAONPDmax > !: tAOFPDmax N
[Z] TRANSITIONING ] DON'T CARE

Figure 821 Asynchronous ODT Timings on DDR3L SDRAM with fast ODT transition: AL is ignored

In Precharge Power Down, ODT receiver remains active, however no Read or Write command can be issued, as the respective ADD/CMD receivers may
be disabled.
Table 121 Asynchronous ODT Timing Parameters for all Speed Bins

Symbol | Description Min. Max. Unit
tAONPD | Asynchronous RTT turn-on delay (Power-Down with DLL frozen) 2 8.5 nS
tAOFPD Asynchronous RTT turn-off delay (Power-Down with DLL frozen) 2 8.5 nS

Publication Release Daté&ug. 01, 2016
Revision: A01
-88-



W631GUBKS
-/ winbond I/ 4

8.19.4.1 Synchronous to Asynchronous ODT Mode Transitions
Table 131 ODT timing parameters for Power Down (with DLL frozen) entry and exit transition period

Description Min. Max.
ODT to RTT turn- min{ ODTLon * tCK(avg) + tAONmin; tAONPDmMIn } | max{ ODTLon * tCK(avg) + tAONmax; tAONPDmMax }
on delay min{ (WL - 2) * tCK(avg) + tAONmIn; tAONPDmIn } | max{ (WL - 2) * tCK(avg) + tAONmax; tAONPDmMax }
ODT to RTT turn- min{ ODTLoff * tCK(avg) +tAOFmin; tAOFPDmIn } | max{ ODTLoff * tCK(avg) + tAOFmax; tAOFPDmax }
off delay min{ (WL - 2) * tCK(avg) +tAOFmiIn; tAOFPDMINn } | max{ (WL - 2) * tCK(avg) + tAOFmax; tAOFPDmMax }
tANPD WL -1

8.19.4.2 Synchronous to Asynchronous ODT Mode Transition during Power-Down Entry

If DLL is selected to be frozen in Precharge Power Down Mode by the setting of bit A12inMRO t o #A 00,
there is a transition period around power down entry, where the DDR3L SDRAM may show either
synchronous or asynchronous ODT behavior.

The transition period is defined by the parameters taNPD and tCPDED(min). tANPD is equal to (WL -1)
and is counted backwards in time from the clock cycle where CKE is first registered low. tCPDED(Min)
starts with the clock cycle where CKE is first registered low. The transition period begins with the
starting point of tANPD and terminates at the end point of tcPDED(min), as shown in Figure 83. If there
is a Refresh command in progress while CKE goes low, then the transition period ends at the later one
of tRFC(min) after the Refresh command and the end point of tcPDED(min), as shown in Figure 84.
Please note that the actual starting point at tANPD is excluded from the transition period, and the actual
end points at tcPDED(min) and tRFC(min), respectively, are included in the transition period.

ODT assertion during the transition period may result in an RTT change as early as the smaller of
taoNPDmMIN and (ODTLon * tCK(avg) + tAONmMIn) and as late as the larger of taAonpDmMax and (ODTLon *
tCK(avg) + tAONmax). ODT de-assertion during the transition period may result in an RTT change as
early as the smaller of taAoFPDmin and (ODTLoff * tCK(avg) + tAOFmMIn) and as late as the larger of
taoFPDmMax and (ODTLoff * tCK(avg) + tAOFmax). See Table 13.

Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 83
shows the three different cases: ODT_A, synchronous behavior before tanpD; ODT_B has a state
change during the transition period; ODT_C shows a state change after the transition period.
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Figure 831 Synchronous to asynchronous transition during Precharge Power Down
(with DLL frozen) entry (AL =0; CWL =5; tANPD = WL - 1 =4)
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Figure 841 Synchronous to asynchronous transition after Refresh command (AL = 0; CWL =5; taNPD = WL - 1 = 4)
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8.19.4.3 Asynchronous to Synchronous ODT Mode Transition during Power-Down Exit

I f DLL is selected to be frozen in Precharge Power Do wn ionperibcarobng poivdr dows et t i ng
exit, where either synchronous or asynchronous response to a change in ODT must be expected from the DDR3L SDRAM.

This transition period starts taNPD before CKE is first registered high, and ends txppLL after CKE is first registered high. taNPD is equal to (WL - 1) and is
counted (backwards) from the clock cycle where CKE is first registered high.

ODT assertion during the transition period may result in an RTT change as early as the smaller of tAoNPDmMIN and (ODTLon*tCK(avg) + tAONmIn) and as late
as the larger of tAoNPDmax and (ODTLon*tCK(avg) + tAONmax). ODT de-assertion during the transition period may result in an RTT change as early as the
smaller of taAoFPDmMiIn and (ODTLoff*tCK(avg) + tAOFmIn) and as late as the larger of tAOFPDmax and (ODTLoff*tCK(avg) + tAOFmax). See Table 13.

Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 85 shows the three different cases: ODT_C,
asynchronous response before taNPD; ODT_B has a state change of ODT during the transition period; ODT_A shows a state change of ODT after the
transition period with synchronous response.
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tXPDLL o
P PD exit transition period N
Lastsync,ODT 7 N A | /A HFN /A FA[ /A FN [\ FA FA [ MDA [A | FAN FA /A
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[ . ODTLoff + tAOFmin |
™ taorPDmMax « >
P tAOFPDMax N
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Figure 851 Asynchronous to synchronous transition during Precharge Power Down
(with DLL frozen) exit (CL =6; AL=CL -1; CWL =5; taNPD =WL -1 =9)
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8.19.4.4 Asynchronous to Synchronous ODT Mode during short CKE high and short CKE low periods

If the total time in Precharge Power Down state or Idle state is very short, the transition periods for PD entry and PD exit may overlap (see Figure 86). In
this case, the response of the DDR3L SDRAMs RTT to a change in ODT state at the input may be synchronous OR asynchronous from the start of the PD
entry transition period to the end of the PD exit transition period (even if the entry period ends later than the exit period).
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If the total time in Idle state is very short, the transition periods for PD exit and PD entry may overlap. In this case the response of the DDR3L SDRAMs
RTT to a change in ODT state at the input may be synchronous OR asynchronous from the start of the PD exit transition period to the end of the PD entry
transition period. Note that in the bottom part of Figure 86 it is assumed that there was no Refresh command in progress when Idle state was entered.
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Figure 861 Transition period for short CKE cycles, entry and exit period overlapping (AL =0, WL =5, tANPD = WL -1 =4)
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9. OPERATION MODE

9.1 Command Truth Table
Notes 1, 2, 3 and 4 apply to the entire Command Truth Table.
Note 5 Applies to all Read/Write commands.
[BA=Bank Address, RA=Row Address, CA=Column Address, BC#=Burst Chop, X=Don't Care, V=Valid]
Table 1417 Command Truth Table

CKE
AO-
BAO- | Al12/ | A10/
COMMAND Abbr. Previous | Current | CS# |RAS# |CAS# | WE# BA2 BCH | AP :191 NOTES
Cycle Cycle
Mode Register Set MRS H H L L L L BA OP Code
Refresh REF H H L L L H \% \% \% \%
Self Refresh Entry SRE H L L L L H \% \% \% \% 7,9, 12
H X X X X X X X 789
Self Refresh Exit SRX L H PP
L H H H v % % % 12
Single Bank Precharge PRE H H L L H L BA \% L \%
Precharge all Banks PREA H H L L H L \ \ H \
Bank Activate ACT H H L L H H BA Row Address (RA)
Write (Fixed BL8 or BC4) WR H H L H L L BA \Y L CA
Write (BC4, on the Fly) WRS4 H H L H L L BA L L CA
Write (BLS8, on the Fly) WRS8 H H L H L L BA H L CA
Write with Auto Prech
te ,Wlt uto Precharge WRA H H L H L L BA \% H CA
(Fixed BL8 or BC4)
Write with Auto Precharge
WRAS4 H H L H L L BA L H CA
(BC4, on the Fly)
Write with Auto Precharge
WRASS H H L H L L BA H H CA
(BL8, on the Fly)
Read (Fixed BL8 or BC4) RD H H L H L H BA \% L CA
Read (BC4, on the Fly) RDS4 H H L H L H BA L L CA
Read (BL8, on the Fly) RDS8 H H L H L H BA H L CA
Read with Auto Precharge
. RDA H H L H L H BA \% H CA
(Fixed BL8 or BC4)
Read with Auto Precharge
RDAS4 H H L H L H BA L H CA
(BC4, on the Fly)
Read with Auto Precharge
Wi AU % | RpAs8 H H L H L H BA H H | cA
(BL8, on the Fly)
No Operation NOP L H H H \% \% \% \% 10
Device Deselected DES H X X X X X X X 11
L H H H \% \% \% \%
Power Down Entry PDE H L 6, 12
H X X X X X X X
L H H H \% \% \% \%
Power Down Exit PDX L H 6, 12
H X X X X X X X
ZQ Calibration Long ZQCL L H H L X X H X
ZQ Calibration Short ZQCs L H H L X X L X
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Notes:

1. All DDR3L SDRAM commands are defined by states of CS#, RAS#, CAS#, WE# and CKE at the rising edge of the clock.
The MSB of BA, RA and CA are device density and configuration dependant.

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

Bank addresses (BA) determine which bank is to be operated upon. For (E)MRS BA selects an (Extended) Mode Register.
fivomeans H or L (but a defined logic level)dand ivomeans either fdefined or undefined (like floating) logic levela

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

The Power Down Mode does not perform any refresh operation.

The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
Self Refresh Exit is asynchronous.

VREF (Both VREFDQ and VREFCA) must be maintained during Self Refresh operation. VREFDQ supply may be turned OFF
and VREFDQ may take any value between VSs and VDD during Self Refresh operation, provided that VREFDQ is valid and
stable prior to CKE going back High and that first Write operation or first Write Leveling Activity may not occur earlier than
512 nCK after exit from Self Refresh.

10. The No Operation command should be used in cases when the DDR3L SDRAM is in an idle or wait state. The purpose of
the No Operation command (NOP) is to prevent the DDR3L SDRAM from registering any unwanted commands between
operations. A No Operation command will not terminate a pervious operation that is still executing, such as a burst read or
write cycle.

11. The Deselect command performs the same function as No Operation command.

12. Refer to the CKE Truth Table for more detail with CKE transition.

© XN OM®
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9.2 CKE Truth Table
Notes 1-7 apply to the entire CKE Truth Table.

For Power-down entry and exit parameters See 8.17 fiPower-Down Modesod on page 69.

CKE low is allowed only if tMRD and tmMOD are satisfied.

Table 157 CKE Truth Table

CKE
CURRENT COMMAND (N)®
STATE? Previous Cycle * | Current Cycle® | pasy# CAS# WE# CS# ACTION (N)* NOTES
(N-1) (N)
L L X Maintain Power Down 14,15
Power Down -
L H DESELECT or NOP Power Down Exit 11,14
L L X Maintain Self Refresh 15,16
Self Refresh :
L H DESELECT or NOP Self Refresh Exit 8,12,16
Bank(s) Active H L DESELECT or NOP Active Power Down Entry 11,13,14
Reading H L DESELECT or NOP Power Down Entry 11,13,14,17
Writing H L DESELECT or NOP Power Down Entry 11,13,14,17
Precharging H L DESELECT or NOP Power Down Entry 11,13,14,17
Refreshing H L DESELECT or NOP Precharge Power Down Entry 11
H L DESELECT or NOP Precharge Power Down Entry 11,13,14,18
All Banks Ildle
H L REFRESH Self Refresh 9,13,18
Any other state | Refer to section 9.1 iCommand Truth Tabled on page 94 for more detail with all command signals 10

Notes:

1.
2.
3.

o

10.
11.
12.
13.

14.
15.
16.

17.

18.

CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.
Current state is defined as the state of the DDR3L SDRAM immediately prior to clock edge N.

COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N), ODT is not
included here.

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

During any CKE transition (registration of CKE H->L or CKE L->H) the CKE level must be maintained until 1nCK prior to
tCKEmIn being satisfied (at which time CKE may transition again).

DESELECT and NOP are defined in the Command Truth Table.

On Self Refresh Exit DESELECT or NOP commands must be issued on every clock edge occurring during the tXs period.
Read or ODT commands may be issued only after tXSDLL is satisfied.

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

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

Valid commands for Power Down Entry and Exit are NOP and DESELECT only.
Valid commands for Self Refresh Exit are NOP and DESELECT only.

Self Refresh can not be entered during Read or Write operations. For a detailed list of restrictions See section 8.16 fiSelf-
Refresh Operationo on page 67 and See section 8.17 fiPower-Down Modeso on page 69.

The Power Down does not perform any refresh operations.
X 0 mefdon'tcared(including floating around VREF) in Self Refresh and Power Down. It also applies to Address pins.

VREF (Both VREFDQ and VREFCA) must be maintained during Self Refresh operation. VREFDQ supply may be turned OFF
and VREFDQ may take any value between VSs and VDD during Self Refresh operation, provided that VREFDQ is valid and
stable prior to CKE going back High and that first Write operation or first Write Leveling Activity may not occur earlier than
512 nCK after exit from Self Refresh.

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

ddle stated is def i n &nrtDba setc.asadtitfiedp momasburstsaee in@rogresse GKE is high, and all
timings from previous operations are satisfied (tMRD, tMOD, tRFC, tzQinit, tZQoper, tZQCS, etc.) as well as all Self Refresh
exit and Power Down Exit parameters are satisfied (tXS, txP, tXPDLL, etc).
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9.3 Simplified State Diagram

This simplified State Diagram is intended to provide an overview of the possible state transitions and
the commands to control them. In particular, situations involving more than one bank, the enabling or
disabling of on-die termination, and some other events are not captured in full detail.
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Prechargingf™ _______ p Automatic sequence

———— Command sequence

Figure 87 1 Simplified State Diagram
Table 16 1 State Diagram Command Definitions

Abbreviation Function Abbreviation Function Abbreviation Function
ACT Active Read RD, RDS4, RDS8 PDE Enter Power-down
PRE Precharge Read A RDA, RDAS4, RDASS8 PDX Exit Power-down
PREA Precharge All Write WR, WRS4, WRS8 SRE Self-Refresh entry
MRS Mode Register Set Write A WRA, WRAS4, WRASS8 SRX Self-Refresh exit
REF Refresh RESET Start RESET Procedure MPR Multi-Purpose Register
ZQCL ZQ Calibration Long ZQCs ZQ Calibration Short - -
NOTE: See fiCommand Truth Tabled on page 94 for more details
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10. ELECTRICAL CHARACTERISTICS

10.1 Absolute Maximum Ratings
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PARAMETER SYMBOL RATING UNIT | NOTES
Voltage on VDD pin relative to VSS VDD -0.4 ~1.975 \ 1,3
Voltage on VDDQ pin relative to VSS VDDQ -0.4 ~1.975 \ 1,3
Voltage on any pin relative to VSS VIN, VOUT -0.4 ~1.975 \% 1
Storage Temperature TSTG -55 ~ 150 °C 1,2
Notes:
1. Stresses greater than those I|isted under fidnage tolthe deeiceMaisc i mum Rat i ng

is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

2. Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions,
please refer to JESD51-2 standard.

3. VDD and VDDQ must be within 300 mV of each other at all times. VREFDQ and VREFCA must not greater than 0.6 x VDDQ.
When VDD and VDDQ are less than 500 mV, VREFDQ and VREFCA may be equal to or less than 300 mV.

10.2 Operating Temperature Condition

PARAMETER SYMBOL | RATING | UNIT | NOTES
. . 0~85 °C 1,2
Commercial Operating Temperature Range (for -11/-12/-15) TOPER
0-~95 °C 1,2, 4
. . -40 ~ 85 °C 1,3
Industrial Operating Temperature Range (for 111/121/151) TOPER
-40 ~ 95 °C 1,34
. . -40 ~ 85 °C 1,3
Industrial Plus Operating Temperature Range (for 12J/15J) TOPER
-40 ~ 105 °C 1,34

Notes:

1. Operating Temperature TOPER is the case surface temperature on the center / top side of the DRAM. For measurement
conditions, please refer to the JEDEC document JESD51-2.

2. During operation, the DRAM case temperature must be maintained between 0 to 95°C for Commercial parts under all
specification parameters.

3. During operation, the DRAM case temperature must be maintained between -40 to 95°C for Industrial parts and -40 to 105°C
for Industrial Plus parts under all specification parameters

4. Some applications require operation of the 85°C < TCASE 0105°C operating temperature. Full specifications are provided in
this range, but the following additional conditions apply:

(@) Refresh commands have to be doubled in frequency, therefore reducing the Refresh interval tREFI to 3.9 uS.

(b) If Self-Refresh operation is required in 85°C < TCASE 0105°C operating temperature range, than 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).

10.3 DC & AC Operating Conditions
10.3.1 Recommended DC Operating Conditions

SYM. PARAMETER MIN. TYP. MAX. UNIT NOTES
VDD | Supply Voltage 1.283 1.35 1.45 \% 1,2
VDDQ | Supply Voltage for Output 1.283 1.35 1.45 \Y 1,2
External Calibration Resistor connected
RzQ from ZQ ball to ground 237.6 240.0 242.4 q 3

Notes:

1. Under all conditions VDDQ must be less than or equal to VDD.

2. VDDQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.

3. The external calibration resistor RZQ can be time-shared among DRAMs in special applications.
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10.4 Input and Output Leakage Currents

W631GUBKS

SYMBOL PARAMETER MIN. MAX. UNIT NOTES
L Input Leakage Current 5 5 A 1
(ov OVIN OVDD) H
Output Leakage Current
loL . R . -5 5 PA 2
(Output disabled, 0V OVouT OVDDQ)
Notes:

1. All other balls not under test =0 V.
2. Al DQ, DQS and DQS# are in high-impedance mode.
10.5 Interface Test Conditions

Figure 88 represents the effective reference load of 25 ohms used in defining the relevant AC timing
parameters of the device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of
the actual load presented by a production tester. System designers should use IBIS or other
simulation tools to correlate the timing reference load to a system environment. Manufacturers
correlate to their production test conditions, generally one or more coaxial transmission lines
terminated at the tester electronics.

VDDQ

CK, CK#

DUT

DQ

pQs ——AN/N\— VIT=VvDDQ/2

DQS#

v

25q

Timing reference point

Figure 881 Reference Load for AC Timings and Output Slew Rates

The Timing Reference Points are the idealized input and output nodes / terminals on the outside of the
packaged SDRAM device as they would appear in a schematic or an IBIS model.

The output timing reference voltage level for single ended signals is the cross point with VTT.

The output timing reference voltage level for differential signals is the cross point of the true (e.g.
DQSL, DQSU) and the complement (e.g. DQSL#, DQSU#) signal.
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10.6 DC and AC Input Measurement Levels
10.6.1 DC and AC Input Levels for Single-Ended Command and Address Signals
Table 171 Single-Ended DC and AC Input Levels for Command and Address

W631GUBKS
/4

DDR3L-1333/1600 DDR3L-1866
PARAMETER SYMBOL UNIT |NOTES
MIN. MAX. MIN. MAX.
DC input logic high VIH.CA(DC90) VREF + 0.09 VDD VREF + 0.09 VDD \% 1,5
DC input logic low VIL.CA(DC90) Vss VREF - 0.09 Vss VREF - 0.09 Vv 1,6
AC input logic high VIH.CA(AC160) | VREF + 0.160 Note 2 - - \% 1,2,7
AC input logic low VIL.CA(AC160) Note 2 VREF - 0.160 - - Y 1,2,8
AC input logic high VIH.CA(AC135) | VREF + 0.135 Note 2 VREF + 0.135 Note 2 \Y 1,27
AC input logic low VIL.CA(AC135) Note 2 VREF - 0.135 Note 2 VREF - 0.135 Y 1,2,8
AC input logic high VIH.CA(AC125) - - VREF + 0.125 Note 2 \Y 1,27
AC input logic low VIL.CA(AC125) - - Note 2 VREF - 0.125 Y, 1,2,8
nggf“éeMVD"'itnaF?jtsfm VREFCA(DC) | 0.49xVDD | 05LxVDD | 049xVDD | 051xVDD | V | 3,4

Notes:

For input only pins except RESET#. VREF = VREFCA(DC).

See section 10.12 fiOvershoot and Undershoot Specificationso on page 120.

The AC peak noise on VREF may not allow VREF to deviate from VREFCA(DC) by more than + 1% VDD (for reference: approx.
+13.5mV).

For reference: approx. VDD/2 + 13.5 mV.

VIH(DC) is used as a simplified symbol for VIH.CA(DC90).

VIL(DC) is used as a simplified symbol for VIL.CA(DC90).

VIH(AC) is used as a simplified symbol for VIH.CA(AC160), VIH.CA(AC135) and VIH.CA(AC125); VIH.CA(AC160) value is used
when VREF + 0.16V is referenced, VIH.CA(AC135) value is used when VREF + 0.135V is referenced and VIH.CA(AC125) value
is used when VREF + 0.125V is referenced.

VIL(AC) is used as a simplified symbol for VIL.CA(AC160), VIL.CA(AC135) and VIL.CA(AC125); VIL.CA(AC160) value is used when
VREF - 0.16V is referenced, VIL.CA(AC135) value is used when VREF - 0.135V is referenced and VIL.CA(AC125) value is used
when VREF - 0.125V is referenced.

10.6.2 DC and AC Input Levels for Single-Ended Data Signals
Table 181 Single-Ended DC and AC Input Levels for DQ and DM

DDR3L-1333/1600 DDR3L-1866
PARAMETER SYMBOL UNIT | NOTES
MIN. MAX. MIN. MAX.
DC input logic high | VIH.DQ(DC90) | VREF + 0.09 VDD VREF + 0.09 VDD \Y, 1,5
DC input logic low | VIL.DQ(DC90) Vss VREF - 0.09 Vss VREF - 0.09 \Y, 1,6
AC input logic high | VIH.DQ(AC135) | VREF + 0.135 Note 2 - - \Y 1,2,7
AC input logic low | VIL.DQ(AC135) Note 2 VREF - 0.135 - - \% 1,2,8
AC input logic high | VIH.DQ(AC130) - - VREF + 0.130 Note 2 \Y 1,2,7
AC input logic low | VIL.DQ(AC130) - - Note 2 VREF - 0.130 \% 1,2,8
?oerfeorgr,‘?MV%ﬁE VREFDQ(DC) | 0.49 x VDD 0.51 x VDD 0.49 x VDD 0.51 x VDD v 3, 4

Notes:

VREF = VREFDQ(DC).
See section 10.12 fi0Overshoot and Undershoot Specificationso on page 120.
The AC peak noise on VREF may not allow VREF to deviate from VREFDQ(DC) by more than + 1% VDD (for reference:

approx. = 13.5 mV).

For reference: approx. VDD/2 + 13.5 mV.
VIH(DC) is used as a simplified symbol for VIH.DQ(DC90).
VIL(DC) is used as a simplified symbol for VIL.DQ(DC90).
VIH(AC) is used as a simplified symbol for VIH.DQ(AC135) and VIH.DQ(AC130); VIH.DQ(AC135) value is used when VREF +

0.135V is referenced and VIH.DQ(AC130) value is used when VREF + 0.130V is referenced.

0.135V is referenced and VIL.DQ(AC130) value is used when VREF - 0.130V is referenced.

VIL(AC) is used as a simplified symbol for VIL.DQ(AC135) and VIL.DQ(AC130); VIL.DQ(AC135) value is used when VREF -
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The DC-tolerance limits and AC-noise limits for the reference voltages VREFCA and VREFDQ are
illustrated in Figure 89. It shows a valid reference voltage VREF(t) as a function of time. (VREF stands
for VREFCA and VREFDQ likewise).

VREF(DC) is the linear average of VREF(t) over a very long period of time (e.g., 1 sec). This average
has to meet the min/max requirements in Table 17. Furthermore VREF(t) may temporarily deviate from
VREF(DC) by no more than + 1% VDD.

A voltage

VDD

)
(

VREF AC-noise VREF(t)

VREF(DC)max

VDD/2

VREF(DC)min
=

Vss

timé

Figure 8971 lllustration of VREF(DC) tolerance and VREF AC-noise limits

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC), and VIL(DC) are
dependent on VREF.

fVREFOshall be understood as VREF(DC), as defined in Figure 89.

This clarifies that DC-variations of VREF affect the absolute voltage a signal has to reach to achieve a
valid high or low level and therefore the time to which setup and hold is measured. System timing and
voltage budgets need to account for VREF(DC) deviations from the optimum position within the data-
eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time
and voltage associated with VREF AC-noise. Timing and voltage effects due to AC-noise on VREF up
to the specified limit (= 1% of VDD) are included in DRAM timings and their associated deratings.
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10.6.3 Differential swing requirements for clock (CK - CK#) and strobe (DQS - DQS#)

Table 191 Differential DC and AC Input Level

DDR3L-1333/1600/1866
PARAMETER SYM. UNIT | NOTES
MIN. MAX.
Differential input high VIH.DIFF +0.180 Note 3 \ 1
Differential input low VIL.DIFF Note 3 -0.180 Y, 1
Differential input high AC | VIH.DIFF(AC) 2 x (VIH(AC) - VREF) Note 3 Y, 2
Differential input low AC VIL.DIFF(AC) Note 3 2 X (VIL(AC) - VREF) \Y 2

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

2. For CK - CK# use VIH.CA(AC)/VIL.CA(AC) of ADD/CMD and VREFCA; for DQSL, DQSL#, DQSU , DQSU# use
VIH.DQ(AC)/VIL.DQ(AC) of DQs and VREFDQ; if a reduced AC-high or AC-low level is used for a signal group, then the

reduced level applies also here.

3. These values are not defined; however, the single-ended signals CK, CK#, DQSL, DQSL#, DQSU, DQSU# need to be within
the respective limits (VIH(DC) max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and

undershoot. Refer to section 10.12 fiOvershoot and Undershoot Specificationso on page 120.

y

A
_>: :4_ tbvAc
VIHDIFFAC)mn — — —fF x ——— — — — — — — — — — — — — — — — — — — —
3
4
®]
X
®]
H
(%]
(04 VIHDIFFmin —f ————— >~ ———(———————— — — — — — — -
a)
3
a op
@ I Half cycle
= ™=
)
o
8
E VIDIFFmax — — — — — — — — — — — — — —
5
[=%
£
s
c
o
()
b=
al VILDIFF(AC)MAX — — — — — e e —
time

Figure 901 Definition of differential ac-s wi ng and ftAC-mev eobAg Vv &
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Table 207 Allowed time before ringback (tbvAc) for CK - CK# and DQS - DQS#

>4.0 189 - 201 - 163 - 168 176
4.0 189 - 201 - 163 - 168 176
3.0 162 - 179 - 140 - 147 154
2.0 109 - 134 - 95 - 105 111
1.8 91 - 119 - 80 - 91 97
1.6 69 - 100 - 62 - 74 78
1.4 40 - 76 - 37 - 52 56
1.2 Note - 44 - 5 - 22 24
1.0 Note - Note - Note - Note Note

<10 Note - Note Note - Note Note

Note:

Rising input signal shall become equal to or greater than VIH(AC) level and Falling input signal shall become equal to or less
than VIL(AC) level.

10.6.4 Single-ended requirements for differential signals

Each individual component of a differential signal (CK, DQSL, DQSU, CK#, DQSL#, DQSU#) has also
to comply with certain requirements for single-ended signals.

CK and CK# have to approximately reach VSEHmin / VSELmax (approximately equal to the AC-levels
(VIH.cAAC) / VIL.CA(AC) ) for ADD/CMD signals) in every half-cycle.

DQSL, DQSU, DQSL#, DQSU# have to reach VSeEHmin / VSELmax (approximately the AC-levels
(VIH.DQ(AC) / VIL.DQ(AC) ) for DQ signals) in every half-cycle preceding and following a valid transition.

Note that the applicable ac-l evel s f or ADD/ CMD a entpebDsRedbinmatc.dEly.tif b e

VIH.CA(AC135)/VIL.CA(AC135) is used for ADD/CMD signals, then these AC-levels apply also for the
single-ended signals CK and CK#.

Table 2171 Single-ended levels for CK, DQSL, DQSU, CK#, DQSL# or DQSU#

B T o e el

Single-ended high level for strobes (VDD/2) + 0.160 Note 3 \% 1,2
Single-ended high level for CK, CK# VSEH (vDD/2) + 0.160 Note 3 \% 1,2
Single-ended low level for strobes VSEL Note 3 (vDD/2) - 0.160 \% 1,2
Single-ended low level for CK, CK# Note 3 (vDD/2) - 0.160 \% 1,2
Notes:

1. For CK, CK# use VIH.CA(AC) / VIL..CA(AC) of ADD/CMD; for strobes (DQSL, DQSL#, DQSU, DQSU#) use VIH.DQ(AC) /
VIL.DQ(AC) of DQs.

2. VIH.DQ(AC) / VIL.DQ(AC) for DQs is based on VREFDQ; VIH.CA(AC) / VIL.CA(AC) for ADD/CMD is based on VREFCA; if a
reduced AC-high or AC-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined; however, the single-ended signals CK, CK#, DQSL, DQSL#, DQSU, DQSU# need to be within
the respective limits (VIH(DC) max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to section 10.12 fiOvershoot and Undershoot Specificationso on page 120.
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VbborVbpQ —m — — — — — — — — — — — — o — — — — — —

VSEHMIN — — — — — — — — — — — —/f L N

VVbp/2 or VbbQ/2 L

CK or DQS

VSELmMax

VssorVssQ——————————-————-+L — — — — — | _
> time

Figure 917 Single-ended requirement for differential signals

Note that, while ADD/CMD and DQ signal requirements are with respect to VREF, the single-ended
components of differential signals have a requirement with respect to VDD/2; this is nominally the
same. The transition of single-ended signals through the AC-levels is used to measure setup time. For
single-ended components of differential signals the requirement to reach VsSeLmax, VSEHmin has no
bearing on timing, but adds a restriction on the common mode characteristics of these signals.

10.6.5 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and
strobe, each cross point voltage of differential input signals (CK, CK# and DQS, DQS#) must meet the
requirements in Table 22. The differential input cross point voltage Vix is measured from the actual
cross point of true and complement signals to the midlevel between of VDD and Vss.

VbD
—_— m,———= r——— CK#, DQS#
/ \ /
/ \ /
/ \ /
/ /
/ l Vix /
LA vt 4 # VDD/2
, Vix \\ / ViX
/
/ \ /
/ \ /
\ /
—_ ————— CK, DQS
VSEH VSEL
“ Vss

Figure 921 Vix Definition
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Table 221 Cross point voltage for differential input signals (CK, DQS)

e oo | wn o

Differential Input Cross Point Voltage
) VIX(CK) -150 150 mvV 1
relative to VDD/2 for CK, CK#
Differential Input Cross Point Voltage
. VIX(DQS) -150 150 mvV
relative to VDD/2 for DQS, DQS#

Note:

1. The relation between ViX Min/Max and VSEL/VSEH should satisfy following.
(VDD/2) +VIX (Min)-VSEL O 25mV
VSEH - (VDD/2) +VIX( Max)) O 25mV

10.6.6 Slew Rate Definitions for Single-Ended Input Signals

See section 10.16.4 fiAddress / Command Setup, Hold and Deratingd on page 148 for single-
ended slew rate definitions for address and command signals.

See section 10.16.5 fiData Setup, Hold and Slew Rate Deratingo on page 155 for single-ended slew
rate definitions for data signals.

10.6.7 Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and measured as shown
in Table 23 and Figure 93.

Table 231 Differential Input Slew Rate Definition

| e epe] e |

Differential input slew rate for rising edge ) .
(CK - CK# and DQS - DQS#) VIL.DIFFmax | VIH.DIFFmin | [VIH.DIFFmin - VIL.DIFFmax] / ¢pT R.DIFF

Differential input slew rate for falling edge ) )
(CK - CK# and DQS - DQSH#) VIH.DIFFmin | VIL.DIFFmax | [VIH.DIFFmin - VIL.DIFFmax] / ¢dT F.DIFF

Note: The differential signal (i.e., CK - CK# and DQS - DQS#) must be linear between these thresholds

OTR.DIFF
1

I

_____________ — VIH.DIFFmIn

—————————— — — — — VIL.DIFFmax

1 |
QT F.DIFF

Differential input voltage (DQS - DQS#; CK - CK#)

|

Figure 931 Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#
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10.7 DC and AC Output Measurement Levels
Table 241 Single-ended DC and AC Output Levels

PARAMETER SYMBOL VALUE UNIT [NOTES
DC output high measurement level (for IV curve linearity) VOH(DC) 0.8 x VDDQ \%
DC output mid measurement level (for IV curve linearity) VOM(DC) 0.5 x VbDbQ \%
DC output low measurement level (for IV curve linearity) VOL(DC) 0.2 x VbDQ \%
AC output high measurement level (for output slew rate) VOH(AC) V1T + 0.1 X VDDQ \% 1
AC output low measurement level (for output slew rate) VOL(AC) VTT - 0.1 X VDDQ \% 1

Note:

1. The swing of + 0.1 x \DDQ is based on approximately 50% of the static single-ended output high or low swing with a
driverimpedanceof34q and an effectivelTtE¥®Q/2.1l oad of 25 q to V

Table 2571 Differential DC and AC Output Levels

VALUE
PARAMETER SYMBOL UNIT |NOTES
MIN. MAX.
AC differential output high measurement level (for output VOH.DIFF(AC) +0.2 X VDDQ Vv 1
slew rate)
AC differential output low measurement level (for output VOLDIFF(AC) -0.2 X VDDO Vv 1
slew rate)
Note:

1. The swing of + 0.2 x VDDQ is based on approximately 50% of the static single-ended output high or low swing with a
driverimpedanceof34q and an effect i veTTt¥DDQ/2 dt eachadf the differ2riial autputso  V

10.7.1 Output Slew Rate Definition and Requirements

The slew rate definition depends if the signal is single-ended or differential. For the relevant AC output
reference levels see above Table 24 and Table 25.

Table 26 1 Output Slew Rate

DDR3L-1333/1600/1866
PARAMETER SYMBOL UNIT NOTES
MIN. MAX.
Single-ended Output Slew Rate SRQse 1.75 50 V/nS 1,2,3
Differential Output Slew Rate SRQdiff 3.5 12 VInS 1,2,3

Notes:
1. Intwo cases, a maximum slew rate of 6 VV/nS applies for a single DQ signal within a byte lane.

- Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high
to low or low to high) while all remaining DQ signals in the same byte lane are static (i.e they stay at either high or low).

- Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high
to low or low to high) while all remaining DQ signals in the same byte lane are switching into the opposite direction (i.e.
from low to high or high to low respectively). For the remaining DQ signal switching into the opposite direction, the
regular maximum limit of 5 V/nS applies.

2. Background for Symbol Nomenclature: SR: Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-
Output); se: Single-ended Signals; diff: Differential Signals.

3. For RON = RZQ/7 settings only.

Publication Release Dat#ug. 01, 2016
Revision: A01
- 106-



W631GUBKS
'/ / } winbond »resw

10.7.1.1 Single Ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is
defined and measured between VoL(Ac) and VOH(AC) for single ended signals as shown in Table 27

and Figure 94.

Table 271 Single-ended Output Slew Rate Definition

e s e

Single-ended output slew rate for rising edge VOL(AC) VOH(AC) [VOH(AC) - VOL(AC)] / oTRse
Single-ended output slew rate for falling edge VOH(AC) VOL(AC) [VOH(AC) - VOL(AC)] / giTFse

Note: Output slew rate is verified by design and characterization, and may not be subject to production test.

— — — — VOL(AC)

Single-ended Output Voltage (i.e. DQ)

TFse

Figure 941 Single-ended Output Slew Rate Definition
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10.7.1.2 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is
defined and measured between VOL.DIFFAC) and VOH.DIFF(AC) for differential signals as shown in Table

28 and Figure 95.
Table 281 Differential Output Slew Rate Definition

| e ] wew |

Differential output slew rate for rising edge VOL.DIFF(AC) VOH.DIFF(AC) [VOH.DIFF(AC) - VOL.DIFF(AC)] / (OTRdiff

Differential output slew rate for falling edge VOH.DIFF(AC) VOL.DIFF(AC) [VOH.DIFF(AC) - VOL.DIFF(AC)] / qT Fdiff

Note: Output slew rate is verified by design and characterization, and may not be subject to production test.

TRdiff
le—>!

— . VOH.DIFF(AC)

VOL.DIFF(AC)

Differential Outut Voltage (DQS - DQS#)

Figure 951 Differential Output Slew Rate Definition
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10.8 34 Ohm Output Driver DC Electrical Characteristics

A functional representation of the output buffer is shown in Figure 96. Output driver impedance RON is
selected .y Kilt andDAS5 i n FobreiffeMi taluésean besselected via MR1
settings:

RONx=RzQ/ 7 (nominal 34.3 q=N12040® wj)t h nomi nal R
RON4o = RzQ /6 (nominal 400 N10% wi t zQno24d G ad) R

The individual pull-up and pull-down resistors (RONpu and RONPd) are defined as follows:
\%

VDDQ ~Vout

RONpy = under the condition that RONpyq is turned off

|| Out

\Y
RONpg = —2¢ under the condition that RONpy is turned off

Chip in Drive Mode
Output Driver

r-———"""- [
1 T O VDDQ
| ¢|pu |
' [
' [
' [
| RONpu |
I [
' [

To other : :

circuitry T ] a—© DQ

like RCV, ... | | lout

' [
I [
|
| RONpd : Vout
' [
' [
| ¢|pd | v
: : O VssQ

Figure 96 1 Output Driver: Definition of Voltages and Currents
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Table 291 Output Driver DC Electrical Character i st i ¢cs, assumi;erdireBieQting 240
temperature range; after proper ZQ calibration

RONNom Resistor VOuUT MIN. | NOM. | MAX. | UNIT | NOTES
VoLbc = 0.2 x VDDQ 0.6 1.0 1.15 RZQ/7 1,2,3
RON34Pd Vompc = 0.5 x VDDQ 0.9 1.0 1.15 RZQ/7 1,2,3
VoHbc = 0.8 x VDDQ 0.9 1.0 1.45 RzQ/7 1,2,3
34a VoLbc = 0.2 x VDDQ 0.9 1.0 1.45 RZQ/7 1,2,3
RONB34pPu Vompc = 0.5 x VDDQ 0.9 1.0 1.15 RzQ/7 1,2,3
VoHpc = 0.8 x VDDQ 0.6 1.0 1.15 RZQ/7 1,2,3
VoLbc = 0.2 x VDDQ 0.6 1.0 1.15 RZQ/6 1,2,3
RONa40Pd Vompc = 0.5 x VDDQ 0.9 1.0 1.15 RZQ/6 1,2,3
VoHbc = 0.8 x VDDQ 0.9 1.0 1.45 RZQ/6 1,2,3
4 VoLbc = 0.2 x VDDQ 0.9 1.0 1.45 RZQ/6 1,2,3
RON40Pu Vompc = 0.5 x VDDQ 0.9 1.0 1.15 RZQ/6 1,2,3
VoHbc = 0.8 x VDDQ 0.6 1.0 1.15 RZQ/6 1,2,3
mil\sllr;uitfh between pull-up and pull-down, Vowbe = 0.5 x VDDQ 10 +10 % 1,24
Notes:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance
limits if temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

2. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSsS.

3. Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x VDDQ. Other calibration
schemes may be used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.

4. Measurement definition for mismatch between pull-up and pull-down, MMPuPd:
Measure RONPu and RONPd, both at 0.5 * VDDQ:
RON , - RON

MMpupd = .
RON

P4 x 100%

Nom
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10.8.1 Output Driver Temperature and Voltage sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 30
and Table 31.

Pr=T-T( @c al i br a tobQo WDpQ(@aplbrationy; VDD = VDDQ
Note: dRondT and dRondV are not subject to production test but are verified by design and characterization.
Table 301 Output Driver Sensitivity Definition
7w T w [
RONPU@ Vorbc 0.6 - dRondTH*|qT| - dRondVH*|qV| 1.1 + dRondTH*|qdT| + dRondVH* V| | RZQ/7
RON@ Vowmbc 0.9 - dRondTM*|gT| - dRondVM*|gqV| | 1.1 + dRondTM*|qT| + dRondVM*|qV| | RZQ/7
RONPp@ VoLbc 0.6 - dRondTL*| T | - dRondVL*|qV| 1.1 + dRondTL*|cdl| + dRondVL* || RzQ/7

Table 311 Output Driver Voltage and Temperature Sensitivity

Bl B i

dRondTM 0 15 0 15 %/°C
dRondVM 0 0.15 0 0.13 %/mV
dRondTL 0 15 0 15 %/°C
dRondVL 0 0.15 0 0.13 %/mV
dRondTH 0 15 0 15 %/°C
dRondVH 0 0.15 0 0.13 %/mV

Note: These parameters may not be subject to production test. They are verified by design and characterization.
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10.9 On-Die Termination (ODT) Levels and Characteristics

10.9.1 ODT Levels and |-V Characteristics

On-Die Termination effective resistance RTT is defined by bits A9, A6 and A2 of the MR1 Register.
ODT is applied to the DQ, DM and DQS/DQS# pins.

A functional representation of the on-die termination is shown in Figure 97. The individual pull-up and
pull-down resistors (RTTpu and RTTrq) are defined as follows:

\4 DDQ Vom

RTTpu = under the condition that RTTeq is turned off

|I Out

under the condition that RTTeu is turned off

Chip in Termination Mode
oDT

r-———"""- [
1 T O VDDQ
| ¢|pu |
' [
' [
l [
| RTTpu | lout = IPd - IPu
I [
: [

To other | :

circuitry T ] — ©DQ

like RCV, ... I | lout

l [
I [
|
| RTTpd : Vout
' [
' [
| ¢|pd | v
: : O VssQ

Figure 97 1 On-Die Termination: Definition of Voltages and Currents
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10.9.2 ODT DC Electrical Characteristics
An overview about the specification requirements for RTTa n d mdas\provided in Table 32.

Table 321 ODT DC Impedance and Mid-Level Requirements

MR1 A9, A6, A2 RTT |Resistor Vout Min. | Nom. | Max. Unit Notes
0,1,0 120 | RTT120 0.9 1.0 1.65 | RzQ/2 1,2,3,4
0,0,1 60 g RTTe0 0.9 1.0 1.65 RzQ/4 1,2,3,4
0,1,1 40 ¢ RTT40 | VIL(AC)to VIHAC) | 0.9 10 | 165 | RzQ/6 | 1,2,3,4
1,0,1 30 g RTT30 0.9 1.0 1.65 RzQ/8 1,2,3,4
1,0,0 20 g RTT20 0.9 1.0 1.65 | RzQ/12 | 1,2,3,4
Deviation of VM with respectto VDDQ/ 2 , M pV -5 +5 % 1,2,3,4,5
Notes:
1.With RZQ.= 240 q

2. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance
limits if temperature or voltage changes after calibration, see the following section ODT temperature and voltage sensitivity.

3. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSsS.
4. Measurement definition for RTT :
Apply VIH(AC) to pin under test and measure current I(VIH(AC)), then apply VIL(AC) to pin under test and measure current
I(VIL(AC)) respectively. Calculate RTT as follows:
RTT = [VIH(AC) - VIL(AC)] / [I (VIH(AC)) - | (VIL(AC))]
5. Measurement definition for VM a n dVMp
Measure voltage (VM) at test pin (midpoint) with no load. Ca | ¢ u | M as éollogsV
PW = (2 x VM/VDDQ - 1) x 100%.

10.9.3 ODT Temperature and Voltage sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 33
and Table 34. The following definitions are used:

qr =T - T (@calibration);q = VDDQ- VDDQ (@calibration); VDD = VDDQ

Table 3317 ODT Sensitivity Definition
SYMBOL MIN. MAX. UNIT
RTT 09-dRrd T T -fgRpdM T || 16+dRrdT T | gV 4 ¢ RZQ/2,4,6,8,12

Table 341 ODT Voltage and Temperature Sensitivity

SYMBOL MIN. MAX. UNIT
dRrrdT 0 15 %/°C
dRrrdV 0 0.15 %/mV

Note: These parameters may not be subject to production test. They are verified by design and characterization
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10.9.4 Design guide lines for RTTey and RTTrp

Table 35 provides an overview of the ODT DC electrical pull-up and pull-down characteristics. The
values are not specification requirements, but can be used as design guide lines.

Table 3517 ODT DC Electrical Pull-Down and Pull-Up Characteristics, assuming Rzg= 2 4 81%xq
entire operating temperature range; after proper ZQ calibration
MR1 A9, A6, A2 | RTT Resistor Vout Min. |Nom. | Max. Unit Notes
0,1,0 120 |RTTi2opp240, | Vorpc = 0.2 X Vbpg 0.6 1.0 | 1.15 | Rzo/TISFpurp (1, 2,3,4,5
0,0,1 6 0 (RTTeorp120, Vompc = 0.5 x Vopg | 0.9 1.0 | 1.15 | Rzo/TISFpurp (1, 2,3,4,5
0,1,1 4 0 (RTTaoprpso, Vonpc = 0.8 X Vbpo 0.9 1.0 | 1.45 | Rzo/TISFpurp (1, 2, 3,4,5
1,0,1 3 0 (RTT30rDeo,
1,0,0 20 RTT20pp40
RTT120pu240, VoLpc = 0.2 x Vbpg 0.9 1.0 | 1.45 | Rzo/TISFpurp (1, 2, 3, 4,5
RTTeopu120, Vowmpc = 0.5 x Vbpg 0.9 1.0 | 1.15 | Rzo/TISFprurp (1, 2, 3, 4,5
RTTa4opuso, Vonpc = 0.8 X Vbpo 0.6 1.0 | 1.15 | Rzo/TISFpurp (1, 2, 3, 4,5
RTTsopuso,
RTT20pu40
Notes:

1. TISFpuep: Termination Impedance Scaling Factor for Pull-Up and Pull-Down path:
TISFpupp = 1 for RTT120pupp240
TISFeurp = 2 for RTTeopurp120
TISFpupp = 3 for RTT40puippso
TISFeupp = 4 for RTTsopuepso
TISFeupp = 6 for RTT20puppa0

2. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance
limits if temperature or voltage changes after calibration, see the above section ODT temperature and voltage sensitivity.

3. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSs.

4. Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x VDDQ. Other calibration schemes may be
used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.

5. Not a specification requirement, but a design guide line.
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10.10 ODT Timing Definitions
10.10.1 Test Load for ODT Timings
Different than for timing measurements, the reference load for ODT timings is defined in Figure 98.

VDDQ
CK, CK#
——F——— 1 DUT DQ, DM —ANN\— VTT=VssQ
DQS, DQS#
RTT = 25¢
VSSQ
Timing reference point

Figure 981 ODT Timing Reference Load

10.10.2 ODT Timing Definitions

Definitions for tAON, tAONPD, tAOF, tAOFPD and tADC are provided in Table 36 and subsequent figures.
Measurement reference settings are provided in Table 37.

Table 36 1 ODT Timing Definitions

Symbol Begin Point Definition End Point Definition Figure
Rising edge of CK - CK# defined by the end . .
tAON point of ODTLon Extrapolated point at VSSQ Figure 99
tAONPD Rising edge_ of CK - CK# with ODT being first Extrapolated point at VSSQ Figure 100
registered high
Rising edge of CK - CK#defined by the end - . )
tAOF point of ODTLoff End point: Extrapolated point at VRtt_Nom Figure 101
Rising edge of CK - CK# with ODT being first _ . )
tAOFPD registered low End point: Extrapolated point at VRtt_Nom Figure 102
tADC Rising edge of CK - CK# defined by the end | End point: Extrapolated point at VRtt_ WR and Figure 103
point of ODTLcnw, ODTLcwn4 or ODTLcwn8 | VRtt_Nom respectively 9
Table 371 Reference Settings for ODT Timing Measurements
Measured Parameter | Rtt_Nom Setting Rtt_WR Setting VSW1 [V] VSw2 [V]
RzQ/4 NA 0.05 0.10
tAON
RzQ/12 NA 0.10 0.20
RzQ/4 NA 0.05 0.10
tAONPD
RzQ/12 NA 0.10 0.20
RzQ/4 NA 0.05 0.10
tAOF
RzQ/12 NA 0.10 0.20
RzQ/4 NA 0.05 0.10
tAOFPD
RzQ/12 NA 0.10 0.20
tADC RzQ/12 RzQ/2 0.20 0.25
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Begin point: Rising edge of CK'i CK#
defined by the end point of ODTL on

DQ, DM
DQS, DQS#

End point: Extrapolated point at VssqQ

Figure 991 Definition of tAON

Begin point: Rising edge of CK - CK# with
ODT being first registered high

DQ, DM
DQS, DQS#

End point: Extrapolated point at VssqQ

Figure 1001 Definition of tAONPD
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Begin point: Rising edge of CK - CK#
defined by the end point of ODTLoff
|

le—>| tAOF

I End point: Extrapolated point at VRtt_Nom
VRtt_Nom |

DQ, DM
DQS, DQS#

Figure 1017 Definition of tAoF

Begin point: Rising edge of CK 1 CK# with
ODT being first registered low

}¢—>| tAOFPD

End point: Extrapolated point at VRtt_Nom
VRt Nom |

DQ, DM
DQS, DQS#

Figure 1027 Definition of tAOFPD
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Begin point: Rising edge of CKi CK#
defined by the end point of ODTLcnw

Begin point: Rising edge of CK'i CK# defined by
the end point of ODTLcwn4 or ODTLcwn8

VRit_Nom

r

End point: Extrapolated point at VRtt_Nom

DQ, DM
DQS, DQS#

End point: Extrapolated point at VRtt_ WR

VssQ—

Figure 1031 Definition of tADC
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10.11 Input/Output Capacitance

DDR3L-1333 | DDR3L-1600 | DDR3L-1866
PARAMETER SYMBOL UNIT |NOTES
MIN. | MAX. | MIN. | MAX. [ MIN. | MAX.

Input/output capacitance

(DQ, DM, DQS, DQS#) Cio 1.4 2.3 1.4 2.2 1.4 2.1 pF 1,2,3
Input capacitance
(CK and CK#) Cck 0.8 14 0.8 14 0.8 13 pF 2,3
Delta of input capacitance CDCK 0 0.15 0 0.15 0 0.15 F 234
(CK and CK#) : : : P 2
Delta of Input/Output capacitance
(DQS and DQSH#) CDDQS 0 0.15 0 0.15 0 0.15 pF 2,3,5
Input capacitance Ci 075 | 1.3 | 075 | 1.2 | 075 | 12 | pF | 236

(CTRL, ADD, CMD input-only pins)

Delta of input capacitance

(Al CTRL input-only pins) CDI_CTRL -0.4 0.2 -0.4 0.2 -0.4 0.2 pF 2,3,7,8

Delta of input capacitance

(Al ADD/CMD input-only pins) CDIADD_CMD| -0.4 | 04 | 04 | 04 | 04 | 04 | pF |239,10

Delta of Input/output capacitance

(DQ, DM, DQS, DQSH#) CbDIO -0.5 0.3 -0.5 0.3 -0.5 0.3 pF 2,311

Input/output capacitance of ZQ signal CzQ - 3 - 3 - 3 pF 2,3,12

Notes:
1. Although the DM signals have different functions, the loading matches DQ and DQS.

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured
according to JEP147 (Procedure for measuring input capacitance using a vector network analyzer (VNA) with VDD, VDDQ,
Vss, VSSQ applied and all other pins floating (except the ball under test, CKE, RESET# and ODT as necessary).
VDD=VDDQ=1.35V, VBIAS=VDD/2 and on-die termination off.

This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here.
Absolute value of CCK-CCK#.

Absolute value of CIo(DQS)-CIO(DQSH#).

Cl applies to ODT, CS#, CKE, A0-A12, BAO-BA2, RAS#, CAS#, WE#.

CDI_CTRL applies to ODT, CS# and CKE.

CDI_CTRL=CI(CTRL)-0.5*(CI(CLK)+CI(CLK#)).

CDI_ADD_CMD applies to A0-A12, BAO-BA2, RAS#, CAS# and WE#.

10. CDI_ADD_CMD=CI(ADD_CMD) - 0.5*(CI(CLK)+CI(CLK#)).

11. CDIO=CIO(DQ,DM) - 0.5*(CIO(DQS)+CIO(DQSH#)).

12. Maximum external load capacitance on ZQ signal: 5 pF.

© © N O M®
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10.12 Overshoot and Undershoot Specifications
10.12.1 AC Overshoot /Undershoot Specification for Address and Control Pins:
Applies to A0-A12, BAO-BA2, CS#, RAS#, CAS#, WE#, CKE, ODT

W631GUBKS
/4

winbond

PARAMETER DDR3L-1333 | DDR3L-1600 | DDR3L-1866 | UNIT
Maximum peak amplitude allowed for overshoot area 0.4 0.4 0.4 \Y
Maximum peak amplitude allowed for undershoot area 0.4 0.4 0.4 \%
Maximum overshoot area above VDD 0.4 0.33 0.28 V-nS
Maximum undershoot area below VSS 0.4 0.33 0.28 V-nS

10.12.2 AC Overshoot /Undershoot Specification for Clock, Data, Strobe and Mask pins:
Applies to CK, CK#, DQ, DQS, DQS#, DM

PARAMETER DDR3L-1333 | DDR3L-1600 | DDR3L-1866 | UNIT
Maximum peak amplitude allowed for overshoot area 0.4 0.4 0.4 \%
Maximum peak amplitude allowed for undershoot area 0.4 0.4 0.4 \%
Maximum overshoot area above VDDQ 0.15 0.13 0.11 V-nS
Maximum undershoot area below VSSQ 0.15 0.13 0.11 V-nS

Maximum Amplitude

]

-~

!

Maximum Amplitude

Overshoot Area

Vbp/VDDQ

Volts (V)

Vss/VssQ

Undershoot Area

>
>

Time (nS)

Figure 1041 AC Overshoot and Undershoot Definition
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10.13 IDD and IDDQ Specification Parameters and Test Conditions

10.13.1 Ipp and IbpQ Measurement Conditions

In this section, IDD and IDDQ measurement conditions such as test load and patterns are defined.
Figure 105 shows the setup and test load for IDD and IDDQ measurements.
IDD currents (such as IDDo, IDD1, IDD2N, IDD2NT, IDD2PO, IDD2P1, IDD2Q, IDD3N, IDD3P, IDD4R, IDD4W,
IDD5B, IDD6, IDD6ET and IDD7) are measured as time-averaged currents with all VDD balls of the
DDR3L SDRAM under test tied together. Any IDDQ current is not included in IDD currents.
IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all
VDDQ balls of the DDR3L SDRAM under test tied together. Any IDD current is not included in IDDQ
currents.
Attention: IDDQ values cannot be directly used to calculate 10 power of the DDR3L SDRAM.
They can be used to support correlation of simulated IO power to actual IO power as
outlined in Figure 106. In DRAM module application, IDDQ cannot be measured separately
since VDD and VDDQ are using one merged-power layer in Module PCB.

For IDD and IDDQ measurements, the following definitions apply:
Mo and ALOWO iNOVidanfadg.ned as V
Mo and AHI GHO INOVHAGMIf.i ned as V
fiMID-LEVELO is definee=VDB/2i nputs are V
Timings used for IDD and IDDQ Measurement-Loop Patterns are provided in Table 38.
Basic IDD and IDDQ Measurement Conditions are described in Table 39.
Detailed IDD and IDDQ Measurement-Loop Patterns are described in Table 40 through Table 47.

IDD Measurements are done after properly initializing the DDR3L SDRAM. This includes but is not
limited to setting

RON = RZQ/7 (34 Ohm in MR1);

Qoff = Op (Output Buffer enabled in MR1);
Rtt_Nom = RZQ/6 (40 Ohm in MR1);

Rtt WR = RZQ/2 (120 Ohm in MR2);

Attention: The IDD and IDDQ Measurement-Loop Patterns need to be executed at least one time
before actual IDD or IDDQ measurement is started.

Define D = {CS#, RAS#, CAS#, WE# } := {HIGH, LOW, LOW, LOW}
Define D# = {CS#, RAS#, CAS#, WE# } := {HIGH, HIGH, HIGH, HIGH}

Table 381 Timings used for IDD and IDDQ Measurement-Loop Patterns

Speed Bin DDR3L-1333 DDR3L-1600 DDR3L-1866

CL-nRCD-nRP 9-9-9 11-11-11 13-13-13 Unit
Part Number Extension -15/151/15J3 -12/121/12J -11/111

tCK 15 1.25 1.07 ns
CL 9 11 13 nCK
nRCD 9 11 13 nCK
nRC 33 39 45 nCK
nRAS 24 28 32 nCK
nRP 9 11 13 nCK
nFAW 30 32 33 nCK
nRRD 5 6 6 nCK
nRFC 1 Gb 74 88 103 nCK
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(optional)
IbD IbDQ

VDD VDDQ

RESET# DDR3
CKICK# SDRAM

CKE RTT=25q

Cs# DQS, DQS#, DQ, DM |-o——}— Vooq/ 2
RAS#, CAS#, WE#

Py 7¢9

A, BA
oDT
2Q

it

Vss VssQ

e

NOTE: DIMM level Output test load condition may be different from above.

Figure 1057 Measurement Setup and Test Load for IDD and IDDQ (optional) Measurements

Application specific
memory channel

environment Ibbo Test Load
hannel |
¢ Igowir © IpDQ IbDQ
i i [ i Measurement
simulation Simulation
Correlation

><4

<
Correlation

v

Channel 10 Power
Number

Figure 106 7 Correlation from simulated Channel IO Power to actual Channel 10 Power
supported by IDDQ Measurement
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Table 391 Basic IDD and IDDQ Measurement Conditions

SYM. | DESCRIPTION

Operating One Bank Active-Precharge Current

CKE: High; External clock: On; tCK, nRC, nRAS, CL: see Table 38; BL: 8); AL: 0; CS#: High
between ACT and PRE; Command, Address, Bank Address Inputs: partially toggling according
to Table 40; Data |IO: MID-LEVEL; DM: stable at 0; Bank Activity: Cycling with one bank active at
atime: 0,0,1,1,2,2,... (see Table 40); Output Buffer and RTT: Enabled in Mode Registers@; ODT
Signal: stable at 0; Pattern Details: see Table 40

IDDO

Operating One Bank Active-Read-Precharge Current

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see Table 38; BL: 819: AL: 0; CS#:
High between ACT, RD and PRE; Command, Address, Bank Address Inputs, Data 10: partially
toggling according to Table 41; DM: stable at 0; Bank Activity: Cycling with one bank active at a
time: 0,0,1,1,2,2,... (see Table 41); Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0; Pattern Details: see Table 41

IDD1

Precharge Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 81); AL: 0; CS#: stable at 1;

IDD2N Command, Address, Bank Address Inputs: partially toggling according to Table 42; Data IO:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in
Mode Registers®; ODT Signal: stable at 0; Pattern Details: see Table 42

Precharge Standby ODT Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8®; AL: 0; CS#: stable at 1;

IDD2NT | Command, Address, Bank Address Inputs: partially toggling according to Table 43; Data 10:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in
Mode Registers®; ODT Signal: toggling according to Table 43; Pattern Details: see Table 43

Precharge Standby ODT IDDQ Current

IDDQ2NT NN . .
Q Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current

Precharge Power-Down Current Slow Exit

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8M: AL: 0; CS#: stable at 1;

IDD2P0 | Command, Address, Bank Address Inputs: stable at 0; Data I0: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0; Pecharge Power Down Mode: Slow Exit®

Precharge Power-Down Current Fast Exit

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8M: AL: 0; CS#: stable at 1;

IDD2P1 | Command, Address, Bank Address Inputs: stable at 0; Data IO: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0; Pecharge Power Down Mode: Fast Exit®)

Precharge Quiet Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8®); AL: 0; CS#: stable at 1;

IDD2Q | Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0

Active Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8®; AL: 0; CS#: stable at 1;

IDD3N | Command, Address, Bank Address Inputs: partially toggling according to Table 42; Data 10:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks open; Output Buffer and RTT: Enabled in
Mode Registers®; ODT Signal: stable at 0; Pattern Details: see Table 42

Active Power-Down Current

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8: AL: 0; CS#: stable at 1;

IDD3P Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at O;
Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0
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Basic IDD and IDDQ Measurement Conditions, continued

SYM.

DESCRIPTION

IDD4R

Operating Burst Read Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8@9; AL: 0; CS#: High between RD;
Command, Address, Bank Address Inputs: partially toggling according to Table 44; Data 10:
seamless read data burst with different data between one burst and the next one according to Table
44; DM: stable at 0; Bank Activity: all banks open, RD commands cycling through banks:
0,0,1,1,2,2,... (see Table 44); Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal:
stable at O; Pattern Details: see Table 44

IDDQ4R

Operating Burst Read IDDQ Current
Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IDD4W

Operating Burst Write Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8®; AL: 0; CS#: High between WR;
Command, Address, Bank Address Inputs: partially toggling according to Table 45; Data 10:
seamless write data burst with different data between one burst and the next one according to
Table 45; DM: stable at 0; Bank Activity: all banks open, WR commands cycling through banks:
0,0,1,1,2,2,... (see Table 45); Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal:
stable at HIGH; Pattern Details: see Table 45

IDD5B

Burst Refresh Current

CKE: High; External clock: On; tCK, CL, nRFC: see Table 38; BL: 8); AL: 0; CS#: High between
REF; Command, Address, Bank Address Inputs: partially toggling according to Table 46; Data
I0: MID-LEVEL; DM: stable at 0; Bank Activity: REF command every nRFC (see Table 46);
Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: stable at 0; Pattern Details:
see Table 46

IDD6

Self Refresh Current: Normal Temperature Range

TCASE: 0 - 85°C; Auto Self-Refresh (ASR): Disabled®; Self-Refresh Temperature Range (SRT):
Normal®); CKE: Low; External clock: Off; CK and CK#: LOW; CL: see Table 38; BL: 8; AL: 0;
CS#, Command, Address, Bank Address, Data 10: MID-LEVEL; DM: stable at 0; Bank Activity:
Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: MID-
LEVEL

IDD6ET

Self-Refresh Current: Extended Temperature Range

TCASE: 0 - 95°C; Auto Self-Refresh (ASR): Disabled®; Self-Refresh Temperature Range (SRT):
Extended®; CKE: Low; External clock: Off; CK and CK#: LOW; CL: see Table 38; BL: 81:; AL: 0;
CS#, Command, Address, Bank Address, Data |I0: MID-LEVEL; DM: stable at 0; Bank Activity:
Extended Temperature Self-Refresh operation; Output Buffer and RTT: Enabled in Mode
Registers®; ODT Signal: MID-LEVEL

IDD7

Operating Bank Interleave Read Current

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Table 38; BL:
8(18): AL: CL-1; CS#: High between ACT and RDA; Command, Address, Bank Address Inputs:
partially toggling according to Table 47; Data 10: read data bursts with different data between one
burst and the next one according to Table 47; DM: stable at 0; Bank Activity: two times interleaved
cycling through banks (0, 1, ...7) with different addressing, see Table 47; Output Buffer and RTT:
Enabled in Mode Registers®; ODT Signal: stable at 0; Pattern Details: see Table 47

IDD8

RESET# Low Current

RESET#: Low; External clock: Off; CK and CK#: Low; CKE: FLOATING; CS#, Command,
Address, Bank Address, Data 10: FLOATING; ODT Signal: FLOATING

RESET# Low current reading is valid once power is stable and RESET has been Low for at least
1mS

Notes:

1. Burst Length: BL8 fixed by MRS: set MRO A[1,0]=00b.

2. Output Buffer Enable: set MR1 A[12] = Ob; set MR1 A[5,1] = 01b; Rtt_Nom enable: set MR1 A[9,6,2] = 011b; Rtt. WR
enable: set MR2 A[10,9] = 10b.

o0 M w

Pecharge Power Down Mode: set MRO A12=0b for Slow Exit or MRO A12=1b for Fast Exit.

Auto Self-Refresh (ASR): set MR2 A6 = Ob to disable or 1b to enable feature.

Self-Refresh Temperature Range (SRT): set MR2 A7=0b for normal or 1b for extended temperature range.
Read Burst Type: Nibble Sequential, set MRO A[3] = Ob.
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Table 40 7 IpD0 Measurement-Loop Pattern?

0 ACT 0 0 1 1 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 -
3,4 D#, D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE [o|o]1]ofofoflo]o]o|of[o] -
0 Repeat pattern 1...4 until nRC - 1, truncate if necessary
1*nRC+0 ACT 0 0 1 1 0 0 0 0 0 F 0 -
1*nRC+1, 2 D,D 1 0 0 0 0 0 0 0 0 F 0 -
o 'E') 1*nRC+3, 4 D#, D# 1 1 1 1 0 0 0 0 0 F 0 -
% é Repeat pattern nRC + 1,...,4 until NnRC + nRAS - 1, truncate if necessary
el & 1nRc+nrAs | PRE [0 [ o[ 1o ]ofo|o]o]o|F][o] -
Repeat pattern nRC + 1,...,4 until 2*nRC - 1, truncate if necessary
1 2*nRC Repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC Repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
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Table 417 IpD1 Measurement-Loop Pattern?

0 ACT 0 0 1 1 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 -
3,4 D#, D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat pattern 1...4 until nRCD - 1, truncate if necessary
nRCD rRo [of1|of[2]of]o]o]o][o] o] o[ oooooooo
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE [o[o|1]ofoJo]ofJoJo]o]o| -
0 Repeat pattern 1...4 until nRC - 1, truncate if necessary
1*nRC+0 ACT 0 0 1 1 0 0 0 0 0 F 0 -
1*nRC+1, 2 D, D 1 0 0 0 0 0 0 0 0 F 0 -
o -E') 1*nRC+3, 4 D#, D# 1 1 1 1 0 0 0 0 0 F 0 -
% é Repeat pattern nRC + 1,...,4 until nRC + nRCD - 1, truncate if necessary
e & rnrc+nRCD | RD [0 [ 1 o[ 1] oo ]o|o]o]F] o[ oooou
Repeat pattern nRC + 1,...,4 until nRC + nRAS - 1, truncate if necessary
rnrc+nrAs | PRE [0 o1 ]ofofofofJo]o|F[o] -
Repeat pattern nRC + 1,...,4 until 2*nRC - 1, truncate if necessary
1 2*nRC Repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC Repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.
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Table 427 IpD2N and IDD3N Measurement-Loop Pattern?

0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o '5, 1 4-7 Repeat Sub-Loop 0, use BA[2:0] = 1 instead
‘_é % 2 8-11 Repeat Sub-Loop 0, use BA[2:0] = 2 instead
= h| 3 12-15 Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 16-19 Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 20-23 Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 24-27 Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 28-31 Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.

Table 437 IDD2NT and IDDQ2NT Measurement-Loop Pattern?

0 D 1 0 0 0 0 0 0 0 0 0 0 -
0 1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o & 1 4-7 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] = 1
% é 2 8-11 Repeat Sub-Loop 0, but ODT = 1 and BA[2:0] = 2
2 :,)‘5 3 12-15 Repeat Sub-Loop 0, but ODT = 1 and BA[2:0] = 3
4 16-19 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] =4
5 20-23 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] =5
6 24-27 Repeat Sub-Loop 0, but ODT =1 and BA[2:0] = 6
7 28-31 Repeat Sub-Loop 0, but ODT = 1 and BA[2:0] =7
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
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Table 44 1 IDD4R and IDDQ4R Measurement-Loop Pattern?

0 RD 0 1 0 1 0 0 0 0 0 0 0 00000000
D 1 0 0 0 0 0 0 0 0 0 0 -
2,3 D#, D# 1 1 1 1 0 0 0 0 0 0 0 -
0 4 RD 0 1 0 1 0 0 0 0 0 F 0 00110011
5 D 1 0 0 0 0 0 0 0 0 F 0 -
o| B 6,7 p#,b# | 1|1 |1 |10 |O|O0]|O0O|O|F]|O| -
% é 1 8-15 Repeat Sub-Loop 0, but BA[2:0] = 1
&1 2 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] =3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] =5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] =7
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.

Table 457 IpDaw Measurement-Loop Pattern?

0 WR 0 1 0 0 1 0 0 0 0 0 0 | 00000000
D 1 0 0 0 1 0 0 0 0 0 0 -
2,3 D#, D# 1 1 1 1 1 0 0 0 0 0 0 -
0 4 WR 0 1 0 0 1 0 0 0 0 F 0 | 00110011
5 D 1 0 0 0 1 0 0 0 0 F 0 -
o| B 6,7 p#,D#| 1 | 1| 1|1 |1 |0|O0]|O}|O|F/|O]| -
% E 1 8-15 Repeat Sub-Loop 0, but BA[2:0] =1
2 % 2 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] =3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] =5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] =7
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to WR Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Write Command. Outside burst operation, DQ signals are MID-LEVEL.
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Table 46 7 IDD5B Measurement-Loop Pattern?

0 0 REF 0 0 0 1 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 -
3,4 D#, D# 1 1 1 1 0 0 0 0 0 F 0 -
5..8 Repeat cycles 1...4, but BA[2:0] = 1
o| & 9..12 Repeat cycles 1...4, but BA[2:0] = 2
‘_é % 1 13...16 Repeat cycles 1...4, but BA[2:0] = 3
= I3} 17...20 Repeat cycles 1...4, but BA[2:0] =4
21..24 Repeat cycles 1...4, but BA[2:0] =5
25...28 Repeat cycles 1...4, but BA[2:0] =6
29...32 Repeat cycles 1...4, but BA[2:0] = 7
2 33..nRFC -1 | Repeat Sub-Loop 1, until nRFC - 1. Truncate, if necessary

Notes:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
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Table 47 1 IbDD7 Measurement-Loop Pattern?

ATTENTION: Sub-Loops 10-19 have inverse A[6:3] Pattern and Data Pattern than Sub-Loops 0-9

3 s 5 2 = =
N [ ] 53 3 o = | =& =
S| Y| S 52 E | S| 2| 2| d8|B|8|&5| 8| 5| &| &| pata
«| O 2 35 E |O|E| &l slol <2l 2| 2|ZF
(@) = Z S) o < < < <
(7] (@)
0 ACT | O 0 1 1 0 0 -
0 RDA | 0O 1 0 1 0 00000000
2 D 1 0 0 0 0 0 0 -
Repeat above D Command until nRRD - 1
nRRD ACT 0 0 1 1 0 1 0 0 0 F 0 -
1 nRRD+1 RDA 0 1 0 1 0 1 00110011
NRRD+2 D 1 0 0 0 0 1 0 0 0 F 0 -
Repeat above D Command until 2 * nRRD -1
2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 2
3*nRRD Repeat Sub-Loop 1, but BA[2:0] = 3
D [1[ofofofof[3]o]o]lo|F|[o] -
4 4*nRRD - -
Assert and repeat above D Command until nNFAW - 1, if necessary
5 nFAW Repeat Sub-Loop 0, but BA[2:0] = 4
6 nFAW+nRRD Repeat Sub-Loop 1, but BA[2:0] =5
7 nFAW+2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 6
8 nFAW+3*nRRD Repeat Sub-Loop 1, but BA[2:0] =7
. > [1]oJofofo]7 ofoJo r o] -
o o | 9 nFAW+4*nRRD - -
£ T Assert and repeat above D Command until 2 * nNFAW - 1, if necessary
D o
S| & 2*nFAW+0 ACT|O|lO|]1|1]|]0|O]|]O]|O]|O|F|O -
@ 10 2*nFAW+1 RDA | O 1 0 1 0 0 0 1 0 F 00110011
D 1 0 0 0 0 0 0 0 0 F 0 -
2*NFAW+2 -
Repeat above D Command until 2 * nFAW + nRRD - 1
2*nFAW+nRRD ACT | O 0 1 1 0 1 0 0 0 0 0 -
1 2*nFAW+nRRD+1 | RDA | 0 1 0 1 0 1 0 1 00000000
D 1 0 0 0 0 1 0 0 0 0 0 -
2*nFAW+nRRD+2
Repeat above D Command until 2 * nFAW + 2 * nRRD -1
12 | 2*nFAW+2*nRRD | Repeat Sub-Loop 10, but BA[2:0] = 2
13 | 2*nFAW+3*nRRD | Repeat Sub-Loop 11, but BA[2:0] = 3
p [1[ofofo]o[3]o]o]o|o|o] -
14 | 2*nFAW+4*nRRD - -
Assert and repeat above D Command until 3 * nFAW - 1, if necessary
15 3*nFAW Repeat Sub-Loop 10, but BA[2:0] = 4
16 3*nFAW+nRRD Repeat Sub-Loop 11, but BA[2:0] =5
17 | 3*nFAW+2*nRRD | Repeat Sub-Loop 10, but BA[2:0] = 6
18 | 3*nFAW+3*nRRD | Repeat Sub-Loop 11, but BA[2:0] =7
D [1[ofofofof[7]o]oflofo]o] -
19 | 3*nFAW+4*nRRD _ :
Assert and repeat above D Command until 4 * nFAW - 1, if necessary

Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.
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