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FEATURES

Power supply: Vobo = Vopa = 1.35V (1.283V - 1.45V)

Backward compatible to Vop = Vopa = 1.5V + 0.075V
- Supports DDR3L devices to be backward compatible in 1.5V application
Package: 96-Ball FBGA (x16)
Array configuration: 8 Banks
8n-Bit prefetch architecture

Differential clock inputs (CK, CK#)

Nominal and dynamic on-die termination (ODT) for data, strobe, and mask signals
Programmable CAS (READ) latency (CL)

Programmable posted CAS additive latency (AL)

Programmable CAS (WRITE) latency (CWL)

Fixed burst length (BL) of 8 and burst chop (BC) of 4 (via the mode register set [MRS])
Selectable BC4 or BL8 on-the-fly (OTF)

Self refresh mode

Operating case temperature: -40°C < Tcase <95°C
Average refresh period:

-7.8us at 0°C < Tcase <85°C

-3.9us at 85°C < Tcase < 95°C

JEDEC JESD79-3F compliant

RoHS compliant

Note:

1.

The functionality described and the timing specifications included in this data sheet are for the DLL enabled mode of

operation.

DS-00686-GDPOBFLM-Rev1.0 5
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1.1 Address Table

Parameter 64Mb x 16
Number of Banks 8
Bank Address BAO - BA2
Auto Precharge A10/AP
BC Switch on the fly A12/BC#
Row Address A0 -A12
Column Address A0 - A9
Page Size(" 2KB

Note:

1. Page size is the number of bytes of the data delivered from the array to the internal sense amplifiers when an ACTIVE

command is registered. Page size is per bank, calculated as follows:

Page size = 2COLBITS x ORG / 8

(COLBITS = the number of column address bits; ORG = the number of I/O (DQ) bits)

DS-00686-GDPOBFLM-Rev1.0
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2 ORDERING INFORMATION

2.1 Part Number Decoding

G D P 0 B F L M

C

B

Speed Type

B: 1866Mbps 13-13-13

Operating Temp.
C: Commercial Temp. (0 ~ 95°C)

Product Version

M: 1st version

Voltage

L:1.35V/ 1.5V

Bit Organization
F: x16

Package Type

B: 96-Ball FBGA

Density
0:1Gb

Product Type
P: DDR3(L)

Product Family
D: DRAM

Company
G: GigaDevice

DS-00686-GDPOBFLM-Rev1.0
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2.2 Valid Part Numbers
Part Number Organization Data Rate CL-trcp-trp
GDPOBFLM-CB 64Mb x16 1866Mbps 13-13-13

DS-00686-GDPOBFLM-Rev1.0
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3 PACKAGE INFORMATION
3.1 Package 96-Ball FBGA (x16)
7.5%0.1
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4 BALL ASSIGNMENTS
4.1 96-Ball FBGA (x16) Ball Assignments
1 2 3 4 5 6 7 8 9
\g DQUS DQU7 D%34 Qoq 95
\g go? g DQsU# Dgﬁ gszz
8 Dgg D%l DQSU DQU2 gq
009 o 9
g \/Css?z DCQBO DML VC55>Q Voo
Vooo DQL2 DQSL DQL1 DQL3  Vsso
\g DQL6 DQSL# Voo Vss  Vsso
vgo Vooo DQL4 DQL7 DQL5 Vopo
NC  Vss RAS# CK  Vss NC
g Voo  CASH# CK#  Vpp CKE
9 g# WE# AlOgP CZB C’\%
Vss gADO BA2 gC) VEF)CA Vss
Voo CA2 A0 A12/BC# BA1l Voo
VCSS) g A2 Al A4 Vss
29 R = QY
Vss ngET# NC NC A8  Vss
1 2 3 4 5 6 7 8 9
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4.2 Ball Description

Symbol

Type

Function

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address and control input signals are
sampled on the crossing of positive edge of CK and negative edge of CK#. Output (read) data
is referenced to the crossings of CK and CK#.

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, however, timing

parameters such as tXS are still calculated from the first rising clock edge where CKE

HIGH satisfies tIS. After Vrerca and Vrerpa 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.

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.

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to the
DDR3 SDRAM. When enabled, ODT is only applied to each DQ, DQS, DQS# and DM. For x16
configuration, ODT is applied to each DQ, DQSU, DQSU#, DQSL, DQSL#, DMU, and DML
signal. The ODT pin will be ignored if MR1 and MR2 are programmed to disable Rr.

RAS#, CAS#
WE#

Input

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

DM

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is
sampled HIGH coincident with that input data during a write access. DM is sampled on both
edges of DQS.

BAO - BA2

Input

Bank Address Inputs: BAO - BA2 define the bank to which an ACTIVE, READ, WRITE or
PRECHARGE command is being applied. Bank address also determines which mode register

is to be accessed during MRS cycle.

A0 -A12

Input

Address Inputs: Provide the row address for ACTIVATE commands and the column address
for READ/WRITE commands to select one location out of the memory array in the respective
bank. (A10/AP and A12/BC# have additional functions, see below). The address inputs also
provide the op-code during MODE REGISTER SET commands.

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.

A12/BC#

Input

Burst Chop: A12/BC# is sampled during READ/WRITE commands to determine if burst chop
(on- the-fly) will be performed. (HIGH: no burst chop; LOW: burst chopped).

DS-00686-GDPOBFLM-Rev1.0
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Symbol Type Function
Active LOW Asynchronous Reset: Reset is active when RESET# is LOW, and inactive when
RESET# Input 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 Vop.
DQ o
I/0 Data Input/Output: Bi-directional data bus.
DQL, DQU
DQS. DaSH Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered
D(’QSL in write data. For the x16, DQSL corresponds to the data on DQL0-DQL7, DQSU corresponds
DQSL;;# Vo to the data on DQUO-DQUY7. The data strobe DQS, DQSL and DQSU are paired with differential
DOSU signals DQS#, DQSL#, and DQSU#, respectively, to provide differential pair signaling to the
DQSU; system during reads and writes. DDR3 SDRAM supports differential data strobe only and does
not support single-ended.
NC - No Connect: No internal electrical connection is present.
Vbba Supply DQ Power Supply: DDR3L operation = 1.283 to 1.450V; DDR3 operation = 1.425 to 1.575V.
Vssa Supply DQ Ground
Vop Supply Power Supply: DDR3L operation = 1.283 to 1.450V; DDRS3 operation = 1.425 to 1.575V.
Vss Supply Ground
VREFDQ Supply Reference Voltage for DQ
VREFCA Supply Reference Voltage for CA
ZQ Supply Reference Pin for ZQ Calibration
Note:

1. Inputonly pins (BAO - BA2, A0 — A12, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.

DS-00686-GDPOBFLM-Rev1.0
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5 FUNCTIONAL BLOCK DIAGRAMS

DDR3 SDRAM is a high-speed, CMOS dynamic random access memory. It is internally configured as an 8-bank DRAM.

ity oo
0 @—»To ODT/output drivers Vppol2
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Veg AL Control R
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Figure 5 1. 64 Meg x 16 Functional Block Diagram

'1.2)

DQL[7:0]
DQUI7:0]

DQSU, DQSU¥,

DQSL, DQSL#
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6 ABSOLUTE MAXIMUM RATINGS
6.1 Absolute Maximum DC Ratings
Table 6-1. Absolute Maximum DC Ratings
Symbol Parameter Rating Unit Note
Vob Voltage on Vop pin relative to Vss -04~138 \Y 1,3
Vbba Voltage on Vbpa pin relative to Vss -04~1.8 \% 1,3
VN, Vout Voltage on any pin relative to Vss -04~1.38 \% 1
Tste Storage Temperature -55 ~ 150 °C 1,2
Note:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or any other condition 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. Vopand Vbba must be within 300mV of each other at all times, and Vrer must not be greater than 0.6 x Vopa, when Vpp and

Vbpa are less than 500mV, Vrer may be equal to or less than 300mV.

6.2 Recommended DC Operating Conditions

Table 6-2. Recommended DC Operating Conditions

Rating
Symbol Parameter Unit Note
Min Typ. Max

DDR3L 1.283 1.35 1.45 \Y 1,2,3,4,5,6
Vbp Supply voltage

DDR3 1.425 1.5 1.575 \Y 1,2

DDR3L 1.283 1.35 1.45 \Y 1,2,3,4,5,6
Vbba Supply voltage for output

DDR3 1.425 1.5 1.575 \Y 1,2

Note:

1. Under all conditions Vbba must be less than or equal to Vop.

2. Vbpa tracks with Vpp, AC parameters are measured with Vpop and Vbpa tied together.

3.  Maximum DC value may not be greater than 1.425V. The DC value is the linear average of Vbo/Vop(t) over a long period of

time (e.g.,

1 sec).

If maximum limit is exceeded, input levels shall be governed by DDR3 specifications.

Under these supply voltages, the device operates to this DDR3L specification.

Under 1.5V operation, this DDR3L device operates in accordance with the DDR3 specifications under the same speed timings

as defined for this device.

DS-00686-GDPOBFLM-Rev1.0
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6.3 DRAM Component Operating Temperature Range
Table 6-3. Temperature Range
Symbol Parameter Rating Unit Note
Normal Operating Temperature Range 0~85 °C 1,2
Torer Wide temperature -40 ~ 85 °C 1,2
Extended Temperature Range 85~95 °C 1,3
Note:

1. Operating Temperature Torer is the case surface temperature on the center/top side of the DRAM. As for measurement

conditions, please refer to the JEDEC document JESD51-2.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported. During operation,

the DRAM case temperature must be maintained between 0 ~ 85°C under all operating conditions.

3. Some applications require DRAM to operate in the Extended Temperature Range between 85°C and 95°C case temperature.

Full specifications are supported in this range, but the following additional conditions apply:

* REFRESH commands must be doubled in frequency, therefore reducing the Refresh interval treri to 3.9ps. It is also possible

to specify a component with 1X refresh (treri to 7.8ps) in the Extended Temperature Range.

* If SELF REFRESH operation is required in the Extended Temperature Range, then it is mandatory to either use the Manual
Self Refresh mode with Extended Temperature Range capability (MR2 A6 = Ob and MR2 A7 = 1b) or enable the optional

Auto Self Refresh mode (MR2 A6 = 1b and MR2 A7 = Ob).

DS-00686-GDPOBFLM-Rev1.0
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7 AC AND DC INPUT MEASUREMENT LEVELS
7.1 AC and DC Logic Input Levels for Single-ended Signals
7.1.1 AC and DC Input Levels for Single-ended Command and Address Signals
Table 7-1. Single-ended AC and DC Input Levels for Command and Address
DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866/2133
Symbol Parameter Unit| Note
Min Max Min Max Min Max
Vincapceo) | DC input logic high | Vrer + 0.09 Vbb VRrer + 0.09 Vob Vrer + 0.09 Vob \Y 1
ViL.cADC90) DC input logic low Vss Vrer - 0.09 Vss Vrer - 0.09 Vss Vrer - 0.09| V 1
ViH.canacieo) | AC input logic high | Vrer + 0.16 Note 2 |Vwrer+0.16| Note 2 - - V|12
ViLcanacteo) | AC input logic low Note 2 Vrer - 0.16 Note 2 |VRrer-0.16 - - V|12
ViH.canaciss)y | AC input logic high | Vrer + 0.135| Note2 |Vrer + 0.135] Note 2 |Vrer +0.135| Note 2 V|12
VREF - VREF -
ViLcanaciss)y | AC input logic low Note 2 VrRer - 0.135] Note 2 Note 2 vV | 1,2
0.135 0.135
ViH.canacizs)y | AC input logic high - - - - VRrer + 0.125| Note 2 V|12
VREF -
ViLcanacizs)y | AC input logic low - - - - Note 2 V|12
0.125
Reference voltage for|
VREFCA(DC) ) 0.49 x Vpp [0.51 % Vpp | 0.49 x Vpp |0.51 x Vpp| 0.49 % Vpp |0.51xVpp| V | 34
ADD, CMD inputs
DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133
Symbol Parameter Unit| Note
Min Max Min Max Min Max
ViH.capc1o0) | DC input logic high | Vrer + 0.10 Vop Vrer + 0.10 Vbp Vrer + 0.10 Vob 1,5
ViLcapctoo) | DC input logic low Vss Vrer - 0.10 Vss Vrer - 0.10 Vss Vrer - 0.10 1,6
ViHcanct7s)y | AC input logic high | Vrer + 0.175| Note 2 |Vrer + 0.175] Note 2 - - 1,2,7
VREF -
ViH.canc7s) | AC input logic low Note 2 VRer - 0.175] Note 2 0175 - - VvV [1,2,8
ViLcanactso) | AC input logic high | Vrer + 0.15 Note 2 |Vrer +0.15| Note 2 - - 1,2,7
ViHcancts0) | AC input logic low Note 2 Vrer - 0.15| Note2 |Vrer-0.15 - - 1,2,8
ViLcanctss)y | AC input logic high - - - - VRrer + 0.135| Note 2 1,2,7
; : VREF -
Vin.caniciss) | AC input logic low - - - - Note 2 VvV 1,28
0.135
ViLcancizs)y | AC input logic high - - - - Vrer + 0.125| Note 2 V | 1,27
; : VREF -
ViLcanactzs)y | AC input logic low - - - - Note 2 vV |128
0.125
Reference voltage for|
VREFCA(DC) 0.49 xVpp |0.51 xVpp| 0.49 x Vpp |0.51 x Vpp| 0.49 xVpp [0.51 xVpop| V | 3,4,9
ADD, CMD inputs
Note:
1. Forinput only pins except RESET#. VRer = VREFCA(DC).
2.  See “Overshoot and Undershoot Specifications” in Section 8.6.
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3. The AC peak noise on Vrer may not allow Vrer to deviate from Vrerpc) by more than = 1% Voo (for reference: DDR3L:
approx. = 13.5mV; DDR3: approx. + 15mV).

4.  For reference: DDRS3 has approx. Voo/2 + 15mV, DDRS3L has approx. Voo/2 £ 13.5mV.

5. Vinpc) is used as a simplified symbol for Vin.capc1o0).

6. Vioc) is used as a simplified symbol for ViL.capcioo).

7. Vo) is used as a simplified symbol for Vin.caacirs), ViH.caaciso), ViH.caaciss), and Vincaacies); ViHcaacirs) value is used
when Vrer + 0.175V is referenced, Vin.caniciso) value is used when Vrer + 0.15V is referenced, ViH.caiciss) value is used
when Vger + 0.135V is referenced, and Vin.caacizs) value is used when Vger + 0.125V is referenced.

8.  Viac) is used as a simplified symbol for ViL.canac17s), ViL.canactso), ViLcaactss) and Vicaacias), Vie.canactzs) value is used when
Vrer - 0.175V is referenced, ViL.canciso) value is used when Vrer - 0.15V is referenced, ViLcaaciss) value is used when Vrer
- 0.135V is referenced, and ViLcaaci2s) value is used when Vrer - 0.125V is referenced.

9.  VRercapc) is measured relative to Vpp at the same point in time on the same device.

7.1.2 AC and DC Input Levels for Single-ended Data Signals

Table 7-2. Single-ended AC and DC Input Levels for DQ and DM
DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866/2133
Symbol Parameter Unit | Note
Min Max Min Max Min Max

Vinpapceoy| DC input logic high | Vrer + 0.09 Vbb Vrer + 0.09 Vob Vrer + 0.09 Vob V 1

ViLbapcoo)| DC input logic low Vss VRer - 0.09 Vss Vrer - 0.09 Vss VrRer-0.09 | V 1

ViH.Daacte0)| AC input logic high | Vrer + 0.16 Note 2 - - - - \Y 1,2

ViLpacteo) AC input logic low Note 2 Vrer - 0.16 - - - - V 1,2

ViH.0aac13s)| AC input logic high [Vrer + 0.135] Note 2 |Vrer + 0.135] Note 2 - - \Y, 1,2

ViLbaacss)|  AC input logic low Note 2 |[Vrer-0.135| Note2 |Vrer-0.135 - - \Y, 1,2

ViH.pa(ac130) AC input logic high - - - - Vrer + 0.13| Note 2 \Y 1,2

ViLbaac13o)| AC input logic low - - - - Note 2 VrRer-0.13 | V 1,2

VREFDQ(DC) Reference voltage for 0.49 x Vpp | 0.51 x Vpp | 0.49 x Vpp | 0.51 x Vpp | 0.49 x Vpp | 0.51 xVpp | V 34

DQ, DM inputs
DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133
Symbol Parameter Unit| Note
Min Max Min Max Min Max

ViH.oapc1o0) DC input logic high | Vrer + 0.10 Vop Vrer + 0.10 Vbp Vrer + 0.10 Vob \Y 1,5

ViL.oapc1o0) DC input logic low Vss Vrer - 0.10 Vss Vrer - 0.10 Vss VrRer-0.10 | V 1,6

Vin.oaaci7s) AC input logic high |Vrer + 0.175] Note 2 - - - - vV | 1,27

ViLbanact7s)|  AC input logic low Note 2 |Vrer-0.175 - - - - vV | 128

Vin.paactso) AC input logic high | Vrer + 0.15 Note 2 VRer + 0.15 Note 2 - - \Y 1,2,7

ViLbancts0) AC input logic low Note 2 Vrer - 0.15 Note 2 Vrer - 0.15 - - vV | 128

ViHpa;c13s) AC input logic high (Vrer + 0.135] Note 2 |Vrer + 0.135] Note 2 [Vrer + 0.135] Note 2 \Y 1,2,7

ViLbanact3s)  AC input logic low Note 2 |Vrer-0.135| Note2 |Vrer-0.135] Note2 |[Vwrer-0.135] V 1,2,8

VREFDQ(DC) Reference voltage for 0.49 x Vpp | 0.51 x Vpp | 0.49 x Vpp | 0.51 x Vpp | 0.49 xVpp | 0.51 xVpp | V | 3,4,9

DQ, DM inputs
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Note:

1. VRer = VREFDQ(DC).

2. See “Overshoot and Undershoot Specifications” in Section 8.6.

3. The AC peak noise on Vrer may not allow Vrer to deviate from Vrerpapc) by more than £ 1% Voo (for reference: DDR3L:
approx. = 13.5mV; DDR3: approx. + 15mV).

4. For reference: DDR3 has approx. Vbo/2 £ 15mV, and DDR3L has approx. Vop/2 £ 13.5mV.

5. Vinpe) is used as a simplified symbol for Vin.oapc100).

6. Vipc)is used as a simplified symbol for ViLbapc100).

7. Vinac) is used as a simplified symbol for Vin.panac17s), ViH.Da@ac150), and ViH.panacss); ViH.Danrc175) value is used when Vrer +
0.175V is referenced, Vin.paac1s0) value is used when Vrer + 0.15V is referenced, and Vin.panac13s) value is used when Vrer +
0.135V is referenced.

8. Viac) is used as a simplified symbol for ViLpanc17s), ViLbaactso), and ViLbaacss); ViLbanacirs) value is used when Vger -
0.175V is referenced, ViLbac1s0) value is used when Vrer - 0.15V is referenced, and ViLbac13s) value is used when Vrer -
0.135V is referenced.

9. Vrerba(pc) is measured relative to Vop at the same point in time on the same device.
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7.2 Vrer Tolerances

The DC-Tolerance limits and AC-Noise limits for the reference voltages Vrerca and Vrerpa are illustrate in Figure 7-1. It shows a
valid reference voltage Vrert) as a function of time. (Vrer stands for Vrerca and Vrerpa likewise).
VRrer(pe) is the linear average of Vrer() over a very long period of time (e.g., 1 sec). This average has to meet the min/max

requirement in Table 7-1. Furthermore Vger() may temporarily deviate from Vrer(oc) by no more than + 1% Voo.

A
Voltage
Vop
L o
[ o
VREF(DC)
VREF(DC) min
N
N
Vss
>
Time

Figure 7-1. lllustration of VREF(DC) Tolerance and VREF AC-Noise limits

The voltage levels for setup and hold time measurements Vinac), Vinpe), Viiac) and Viipce) are dependent on Vrer. “Vrer” should
be understood as VRrer(pc).

This clarifies that DC-Variations of Vrer 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 Vrer(oc) 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
Vrer AC-Noise. Timing and voltage effects due to AC-Noise on Vrer up to the specified limit (+ 1% of Vop) are included in DRAM

timings and their associated deratings.
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7.3 AC and DC Logic Input Levels for Differential Signals
7.3.1 Differential Signals Definition
A
£y
6 [D\/ACE
(% ViHdfaCmin i __________________________________
H
%)
f
& VIHdiffmin ~ —=mefemm e e e e e e o e e -
(04
a
@
'7% 0.0 5 - /
= half cycle
>
5 VILdifffmax ~  —mmmmm e e e e e e
g
8
| e e\
) . : i
> VIL,diff(AC)max — 7 —
£ Pl
o fouac Time
Figure 7-2. Definition of Differential AC-Swing and “Time above AC-Level” tDVAC
7.3.2 Differential Swing Requirements for Clock (CK - CK#) and strobe (DQS - DQS#)
Table 7-3. Differential AC and DC Input Levels
DDR3L/DDR3-800/1066/1333/1600/1866/2133
Symbol Parameter 1.35V 1.5V Unit | Note
Min Max Min Max
ViH,diff Differential input high +0.18 Note 3 +0.20 Note 3 Vv 1
VL diff Differential input low Note 3 -0.18 Note 3 -0.20 Vv 1
. o . 2 x (ViH(ac) - 2 x (ViHac) -
Vindifiac) | Differential input high AC Note 3 Note 3 \Y, 2
VREF) VREF)
. o 2 x (ViLac) - 2 x (ViLac) -
VL diff(AC) Differential input low AC Note 3 Note 3 \Y, 2
VREF) V/REF)
Note:

1. Used to define a differential signal slew-rate.
2. For CK - CK# use Vin/Viac) of ADD/CMD and Vrerca; for DQS - DQS#, DQSL - DQSL#, DQSU - DQSU# use Vin/ViLac) of
DQS and Vrerpq; 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#, DQS, DQS#, DQSL, DQSL#, DQSU, DQSU# need

to be within the respective limits (ViHpcymax, ViLppcymin) for single-ended signals as well as the limitations for overshoot and

unders

hoot.
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Table 7-4. Allowed Time before Ringback (tDVAC) for CK - CK# and DQS - DQS# (1.35V)

DDR3L-800/1066/1333/1600 DDR3L-1866/2133
tovac [ps] tovac [ps] tovac [ps] tovac [ps] tovac [ps]
Slew Rate @ ViHL,diff(AC) = @ ViHL diff(ac) = @ ViHL diff(AC) = @ ViHL diff(Ac) = @ VL diff(ac) =
[Vins] 320mV 270mV 270mV 250mV 260mV
Min Max Min Max Min Max Min Max Min Max
>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 -
<1.0 Note - Note - Note - Note - Note -
Note:

1. Rising input differential signal shall become equal to or greater than Vn ditiac) level and falling input signal shall become equal

to or less than VL iffac) level.

Table 7-5. Allowed Time before Ringback (tDVAC) for CK - CK# and DQS - DQS# (1.5 V)

DDR3-800/1066/1333/1600

DDR3-1866/2133

tovac [ps]
tovac [ps] tovac [ps] tovac [ps] tovac [ps]

Slew Rate @ VL diff(Ac) = @ VL diff(ac) = @ Ve aac) = @ Vi diff(ac) = @ VL diff(aC) =
[Vins] 350mV 300mV (DQSO;:?,QS#) 300mV (CK - CK#) only
Min Max Min Max Min Max Min Max Min Max

>4.0 75 - 175 - 214 - 134 - 139 -

4.0 57 - 170 - 214 - 134 - 139 -

3.0 50 - 167 - 191 - 112 - 118 -

2.0 38 - 119 - 146 - 67 - 77 -

1.8 34 - 102 - 131 - 52 - 63 -

1.6 29 - 81 - 113 - 33 - 45 -

1.4 22 - 54 - 88 - 9 - 23 -

1.2 Note - 19 - 56 - Note - Note -

1.0 Note - Note - 11 - Note - Note -

<1.0 Note - Note - Note - Note - Note -

Note:

1. Rising input differential signal shall become equal to or greater than Vin,dgifiac) level and falling

become equal to or less than VL difrac) level.

input differential signal shall
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7.3.3 Single-ended Requirements for Differential Signals

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

CK and CK# have to approximately reach Vsenmin/VseLmax (@pproximately equal to the AC-Levels (Vinacy/ViLac)) for ADD/CMD
signals) in every half-cycle.

DQS, DQSL, DQSU, DQS#, DQSL# have to reach Vsenmin/VseLmax (@approximately the AC-Levels (Vitnac)/ViLac)) for DQ signal) in
every half-cycle proceeding and following a valid transition.

Note that the applicable AC-levels for ADD/CMD and DQ’s might be different per speed-bin etc. E.g., if ViH.caaciso)/ViL.caaciso) IS
used for ADD/CMD signals, then these AC-levels apply also for the single-ended signals CK and CK#.

VopOrVppg ~ ~ - T T T T T T T TS T T T T T TS ST T T TS T T TS T T T eI T T T
VSEHmin _________________________________________
VDD/2 or VDDQ/2 ——————————————————————
CK or DQS
VSELmax _____________________
VseL
VssOrVggg ===emememccccccccccccedecccccccnmcccecedeneeee- Time

Figure 7-3. Single-ended Requirement for Differential Signals

Note that, while ADD/CMD and DQ signal requirements are with respect to Vrer, the single-ended components of differential
signals have a requirement with respect to Vbo/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 VseLmax,

Vsenmin has no bearing on timing, but adds a restriction on the common mode characteristics of these signals.

Table 7-6. Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, or DQSU#

DDR3L/DDR3-
Symbol Parameter 800/1066/1333/1600/1866/2133 Unit Note
Min Max
Single-ended high-level for strobes (Voo/2) + 0.175 Note 3 \% 1,2
Ve Single-ended high-level for CK, CK# (Vopo/2) + 0.175 Note 3 \% 1,2
Single-ended low-level for strobes Note 3 (Voo/2) - 0.175 \Y, 1,2
Ves Single-ended low-level for CK, CK# Note 3 (Voo/2) - 0.175 \Y, 1,2

Note:

1. For CK, CK# use Vin/Viac) of ADD/CMD; for storbes (DQS, DQS#, DQSL, DQSL#, DQSU, DQSU#) use Vin/ViLac) of DQS.

2. Vinac/ViLac) for DQ is based on VRrerpa; Viac)/ViLac) for ADD/CMD is based on Vrerca; if a reduced AC-high or AC-low level
is used for a signal group, then the reduced level applies also here.
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3. These values are not defined, however the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#, DQSU, DQSU#

need to be within the respective limits (Vinpcymax, ViLpeymin) for single-ended signals as well as the limitations for overshoot

and undershoot.

7.4 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 7-7 and Table 7-8. The

differential input cross point voltage Vix is measured from the actual cross point of true and complement signals to the MID-LEVEL

between of Vpp and Vss.

Vbp

»l

CK, DQS

T G et SEEE R A S PR Vpp/2

\—— CK#, DQS#
Vsen I VseL

VSS

Figure 7-4. Vix Definition

Table 7-7. Cross Point Voltage for Differential Input Signals (CK, DQS):1.35V

DDR3L-800/1066/1333/1600/1866/2133
Symbol Parameter

Unit Note
Min Max
Differential Input Cross Point Voltage relative
Vix(ck) -150 150 mV 1
to Voo/2 for CK, CK#
Differential Input Cross Point Voltage
Vix(pas) ) -150 150 mV -
relative to Vop/2 for DQS, DQS#
Note:
1. The relation between Vixminmax) and Vser/Vsen should satisfy following.
(Vop/2) + Vixmin) - VseL = 25mV
Vsen - ((Voo/2) + Vixmax) = 25mV
Table 7-8. Cross Point Voltage for Differential Input Signals (CK, DQS):1.5V
DDR3-800/1066/1333/1600/1866/2133
Symbol Parameter Unit Note
Min Max
v Differential Input Cross Point Voltage relative -150 150 mV 2
IX(CK
0 to Voo/2 for CK, CK# 175 175 mv 1
Differential Input Cross Point Voltage
Vix(pas) -150 150 mV 2

relative to Vop/2 for DQS, DQS#

Note:
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1. Extended range for Vix is only allowed for clock and if single-ended clock input signals CK and CK# are monotonic with a

single-ended swing VseL/Vsen of at least Voo/2 + 250mV, and when the differential slew rate of CK - CK# is larger than 3V/ns.

2. The relation between Vixminmax) and Vser/Vsen should satisfy following.
(Vop/2) + Vixmin) — VseL = 25mV; Vsen - ((Voo/2) + Vixmax)) = 25mV

7.5 Slew Rate Definitions for Single-ended Input Signals

See section 12.5 “Address/Command Setup, Hold and Derating” single-ended slew rate definitions for address and command

signals.

See section 12.6 “Data Setup, Hold and Slew Rate Derating” single-ended slew rate definitions for data signals.

7.6 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 7-9 and Figure

7-5.

Table 7-9. Differential Input Slew Rate Definition

Measured
Description Defined by
From To
ngr_eg[glslg)put slew rate for rising edge (CK - CK# and VL diff, max V/H,diff, min [ViH,dift,min - VL diff max]/DeltaT Ruait
ngr_ergglslz)put slew rate for falling edge (CK - CK# and VI, diff, min VL diff, max [ViHdiff,min - VL diff max]/DeltaT Fait
Note:

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

De ItaTRdiff

-------- Vi, it min

Differential Input Voltage(i.e., DQS - DQS#; CK - CK#)

De |taTde

VL diff max

Figure 7-5. Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#
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8 AC&DC OUTPUT MEASUREMENT LEVELS

8.1 Single-ended AC and DC Output Levels

Table 8-1 shows the output levels used for measurements of single-ended signals.

Table 8-1. Single-ended AC&DC Output Levels

Symbol Parameter Value Unit | Note

VoH(po) DC output high measurement level (for IV curve linearity) 0.8 x Vbbpa \% -

Vom(c) DC output mid measurement level (for IV curve linearity) 0.5 x Vbba \% -

VoL(oc) DC output low measurement level (for IV curve linearity) 0.2 x Vbba \% -

VoH(Ac) AC output high measurement level (for output SR) Vrr+ 0.1 x Vbba \% 1

VoL(ac) AC output low measurement level (for output SR) V17-0.1 X Vbba \% 1
Note:

1. The swing of + 0.1 x Vppa is based on approximately 50% of the static single-ended output high or low swing with a driver
impedance of 40Q and an effective test load of 25Q to V11 = Vbpa/2.

8.2 Differential AC and DC Output Levels

Table 8-2 shows the output levels used for measurements of differential signals.

Table 8-2. Differential AC&DC Output Levels

Symbol Parameter Value Unit | Note

VoH,diff(AC) AC differential output high measurement level (for output SR) + 0.2 x Vbba \% 1

VoL diff(AC) AC differential output low measurement level (for output SR) - 0.2 x Voba \% 1
Note:

1. The swing of + 0.2 x Vppq is based on approximately 50% of the static single-ended output high or low swing with a driver
impedance of 40Q and an effective test load of 25Q to V11 = Vbba/2 at each of the differential outputs.

8.3 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

VoLc) and Vonac) for single-ended signals as shown in Table 8-3 and Figure 8-1.

Table 8-3. Single-ended Output Slew Rate Definition

Measured
Description Defined by
From To
Single-ended output slew rate for rising edge VoL(ac) VoHc) [Vor(ac) - VoLac)l/DeltaTRse
Single-ended output slew rate for falling edge VoHac) VoL(ac) [Vor(ac) - VoLac)l/DeltaTFse

Note:

1. Output slew rate is verified by design and characterization, and may not be subject to production test.
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Figure 8-1. Single-ended Output Slew Rate Definition
Table 8-4. Single-ended Output Slew Rate
Operation 800 1066 1333 1600 1866 2133
Parameter | Symbol Unit
Voltage Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
single-ended 1.35V 1.75 50 1.75 50 1.75 50 1.75 5@ 1.75 50 1.75 50 Vins
SRQse
output slew rate 1.5V 2.5 5 25 5 2.5 5 25 5 2.5 5® 2.5 50 | Vins

Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)

se: Single-ended Singnals

For Ron = Rza/7 Setting

Note:

1. Intwo cases, a maximum slew rate of 6V/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 5V/ns applies).
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8.4 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between

Vo dif(ac) and Von difiac) for differential signals as shown in Table 8-5 and Figure 8-2.

Table 8-5. Differential Output Slew Rate Definition

Measured
Description Defined by
From To
Differential output slew rate for rising edge VoL diff(AC) VoH,diff(AC) [Von,difiac) - VoL difiiac)]/DeltaTRaift
Differential output slew rate for falling edge VOH,diff(AC) VoL diff(Ac) [Von,difiac) - VoL ditiiacy]/DeltaTF it

Note:

1. Output slew rate is verified by design and characterization, and may not be subject to production test.
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Figure 8-2. Differential Output Slew Rate Definition
Table 8-6. Differential Output Slew Rate
Operation 800 1066 1333 1600 1866 2133
Parameter | Symbol Unit
Voltage | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
single-ended 1.35V 3.5 12 3.5 12 35 12 35 12 3.5 12 3.5 12 V/ns
SRQuitt
output slew rate 1.5V 5 10 5 10 5 10 5 10 5 12 5 12 V/ns

Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)

Diff: Differential Singnals
For Ron = Rzal/7 Setting
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8.5 Reference Load for AC Timing and Output Slew Rate

Figure 8-3 represents the effective reference load of 25Q 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.

CK,

Figure 8-3. Reference Load for AC Timing and Output Slew Rate

Vbpo
Q
CK# DUT DQ 25
DQS NN
4 DQS#

1

Reference Point

8.6 Overshoot and Undershoot Specifications

V7= VDDQ/2

8.6.1 Address and Control Overshoot and Undershoot Specifications

Table 8-7. AC Overshoot/Undershoot Specification for Address and Control Pins

Parameter 800 1066 1333 1600 1866 2133 Unit
Maximum peak amplitude allowed for overshoot area(® 0.4 0.4 0.4 0.4 0.4 0.4 \Y
Maximum peak amplitude allowed for undershoot area® 0.4 0.4 0.4 0.4 0.4 0.4 \Y
Maximum overshoot area above Voo 0.67 0.5 0.4 0.33 0.28 0.25 V-ns
Maximum undershoot area below Vss 0.67 0.5 0.4 0.33 0.28 0.25 V-ns

(A0 —A12, BAO - BA2, CS#, RAS#, CAS#, WE#, CKE, ODT)

Note:

1. The sum of the applied voltage (Vop) and peak amplitude overshoot voltage is not to exceed absolute maximum DC ratings.

2. The sum of the applied voltage (Vbb) and the peak amplitude undershoot voltage is not to exceed absolute maximum DC

ratings.
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Maximum Amplitude Overshoot Area

'

VoD
Volts (V) Vss

Undershoot Area
Maximum Amplitude
Time (ns)

Figure 8-4. Address and Control Overshoot and Undershoot Definition

8.6.2 Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications

Table 8-8. AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask

Parameter 800 1066 1333 1600 1866 2133 Unit
Maximum peak amplitude allowed for overshoot area(" 0.4 0.4 0.4 0.4 0.4 0.4 Vv
Maximum peak amplitude allowed for undershoot area® 0.4 0.4 0.4 0.4 0.4 0.4 Vv
Maximum overshoot area above Vbpa 0.25 0.19 0.15 0.13 0.1 0.10 V-ns
Maximum undershoot area below Vssa 0.25 0.19 0.15 0.13 0.1 0.10 V-ns
(CK, CK#, DQ, DQS, DQS#, DM)

Note:

1. The sum of the applied voltage (Vop) and peak amplitude overshoot voltage is not to exceed absolute maximum DC ratings.

2. The sum of the applied voltage (Vbb) and the peak amplitude undershoot voltage is not to exceed absolute maximum DC

ratings.
Maximum Amplitude Overshoot Area
VbDQ
Volts (V) Vsso
Undershoot Area
Maximum Amplitude
Time (ns)
Figure 8-5. Clock, Data, Strobe and Mask Overshoot and Undershoot Definition
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8.7 34Q Output Driver DC Electronic Characteristics

A functional representation of the output buffer is shown below. Output driver impedance Ron is defined by the value of external

reference resistor Rzq as follows:
Ronz4 = Rza/7 (Nominal 34.3Q + 10% with nominal Rza = 240Q).

The individual pull-up and pull-down resistors Ron(ru) and Ronra) are defined as follows:

Vppq-Vout
| lout |

RONPu= under the condition that Ronpa) is turned off .

Vout

RONPd=—=——~
| lout |

under the condition that Ronu) is turned off.

Chip In Drive Mode

Output Drive
. T ©  Vopo
1 1
1 l lpu |
1 1
1 1
To other ! Ronpw
circuitry ! |
R o D
like RCV, [ : — P
! ! lout
! Ron(pa) i Vour
: l lpg !
1 1
———— t 0 Vssq

Figure 8-6. Output Driver: Definition of Voltages and Currents

Table 8-9. Output Driver DC Electrical Characteristics, assuming RZQ = 240Q; entire operating temperature range; after

proper ZQ calibration

RoN,Nom Resistor Vour Min Nom Max Max Unit Note
(DDR3L) | (DDR3)
Vorpc) = 0.2 x Vbba 0.6 1.0 1.15 1.1 Rzal7 1,2,3
RonN,34pd Vom(pe) = 0.5 x Voba 0.9 1.0 1.15 1.1 Rzal7 1,2,3
Von(pc) = 0.8 x Vbba 0.9 1.0 1.45 1.4 Rzal7 1,2,3
40 Vorpc) = 0.2 x Vbba 0.9 1.0 1.45 1.4 Rzal7 1,2,3
Ron,34pu Vompc) = 0.5 X Vopa 0.9 1.0 1.15 1.1 Rzal7 1,2,3
Vorpc) = 0.8 x Vbbpa 0.6 1.0 1.15 1.1 Rzal7 1,2,3
Vorpc) = 0.2 X Voba 0.6 1.0 1.15 1.1 Rzal6 1,2,3
Ron,40pd Vompc) = 0.5 x Vopa 0.9 1.0 1.15 1.1 Rza/6 1,2,3
Vorpc) = 0.8 x Vbbpa 0.9 1.0 1.45 1.4 Rzal6 1,2,3
400 Vorpc) = 0.2 x Vboba 0.9 1.0 1.45 1.4 Rzal/6 1,2,3
Ron,40pu Vom(pe) = 0.5 x Vbba 0.9 1.0 1.15 1.1 Rzal/6 1,2,3
Von(pc) = 0.8 x Vbba 0.6 1.0 1.15 1.1 Rzal/6 1,2,3
Mismatch between pull-up
and pull-down, MMeeeg Vompc) = 0.5 x Vbba -10 - +10 +10 % 1,2,4
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Note:

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.

The tolerance limits are specified under the condition that Voba = Vop and that Vssa = Vss.

Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x Vbpa. Other calibration schemes

may be used to achieve the linearity spec shown above, e.g. calibration at 0.2 x Vbbq and 0.8 x Vbpa.

4. Measurement definition for mismatch between pull-up and pull-down, MMpupd:

Measure Ronpu) and Ronpd), both at 0.5 x Vppa:

MMpypg=

RON,,-RON,,

RON_ x100

8.7.1  Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 8-10 and Table 8-11.
AT =T - T(@calibration); AV = Vbba - Vopa(@calibration); Voo = Vopa.

Note:

1. dRondT and dRondV are not subject to production test but are verified by design and characterization.

Table 8-10. Output Driver Sensitivity Denfinition

Item Min Max Unit
Ron(ru)@VoH(pc) 0.6 - dRondTH x |AT| - dRondVH x |AV] 1.1 + dRondTH x |AT| + dRondVH % |AV| Rzal7
Ron@Vom(pe) 0.9 - dRondTM x |AT| - dRondVM x [AV| 1.1 + dRondTM x |AT| + dRondVM x |AV| Rzal7
Ronrd)@VoL(oc) 0.6 - dRondTL % |AT| - dRondVL % |AV| 1.1 + dRondTL x |AT| + dRondVL % |AV] Rzal7
Table 8-11. Output Driver Voltage and Temperature Sensitivity
Speed Bin 800/1066/1333 1600/1866/2133 ]
Item Min Max Min Max Ontt
dRondTM 0 1.5 0 1.5 %/°C
dRondVM 0 0.15 0 0.13 Y%/mV
dRondTL 0 1.5 0 1.5 %/°C
dRondVL 0 0.15 0 0.13 Y%/mV
dRondTH 0 1.5 0 1.5 %/°C
dRondVH 0 0.15 0 0.13 Y%/mV
Note:
1. These parameters may not be subject to production test. They are verified by design and characterization.
DS-00686-GDPOBFLM-Rev1.0 31 2024/4/18



¢

GigaDevice DDR3L SDRAM GDPOBFLM

8.8 On-Die Termination (ODT) Levels and I-V Characteristics

On-Die Termination effective resistance Rt is defined by bits A9, A6 and A2 of MR1 register. ODT is applied to the DQ, DM, DQS
/DQS# pins.
A functional representation of the on-die termination is shown below. The individual pull-up and pull-down resistors (Rrtu) and

Rrt(pa)) are defined as follows:

Vppq-Vout
| lout |

RTTPu= under the condition that Rrr(pq) is turned off.

RTTPd:% under the condition that Rrr(py) is turned off.

Chip In Termination Mode

oDT
_____________ )
— * o Vppo
[} [}
: l IPu ]
! i lout = lpg - Ipy
To other ! Rrey |
circuitry | l
like RCV, [ pLam mm
[} ] |
' V| lour
! Rrrpg) : Vour
[} [}
: l IPd :
Lo ... . © Vsso

Figure 8-7. On-Die Termination: Definition of Voltages and Currents

8.8.1 ODT DC Electrical Characteristic

Table 8-12 provides an overview of the ODT DC electrical characteristics. Their values for Rrreord120), RTTe0(Pu120), RTT120(Pd240),
RTT120(Pu240), RTT40(Pd80), RTT40(Pu8s0), RTT30(Pd60), RTT30(PUB0), RTT20(Pd40), RTT20(PU40) @re not specification requirements, but can be used

as design guide lines.

Table 8-12. ODT DC Electristics, assuming Rza= 240Q =+ 1% entire operating temperature range; after proper ZQ

calibration
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MR1
(A9, A6, Rt Resistor Vour Min Nom Max Max Unit Note
A2) (DDR3L) | (DDR3)
Vovpc) =0.2 x Vbba 0.6 1.0 1.15 1.1 Rza 1,2,3,4
R1T120(Pd240) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rza 1,2,3,4
Von(pc) = 0.8 x Vbba 0.9 1.0 1.45 14 Rza 1,2,3,4
(0,1,0) 120Q VoLpc) = 0.2 x Vopa 0.9 1.0 1.45 14 Rza 1,2,3,4
RtT120(Pu240) 0.5 x Vbba 0.9 1.0 1.15 11 Rza 1,2,3,4
Vor(pc) = 0.8 X Vbba 0.6 1.0 1.15 1.1 Rza 1,2,3,4
RrT120 ViL(ac) to Vikac) 0.9 1.0 1.65 1.6 Rza/2 1,2,5
VoL(pc) = 0.2 x Vbpa 0.6 1.0 1.15 1.1 Rza/l2 | 1,2,3/4
Rt760(Pd120) 0.5 x Vbba 0.9 1.0 1.15 11 Rza/2 1,2,3,4
Von(pc) = 0.8 x Vbba 0.9 1.0 1.45 1.4 Rzal2 1,2,3,4
(0,0,2) 60Q Vorpc) = 0.2 x Vbba 0.9 1.0 1.45 1.4 Rzal2 1,2,3,4
RtTe0(Pu120) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rzal2 1,2,3,4
Vorpc) = 0.8 X Vbba 0.6 1.0 1.15 1.1 Rza/2 | 1,2,3,4
R760 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rzal4 1,2,5
VoLpc) = 0.2 x Vbpa 0.6 1.0 1.15 1.1 Rza/3 1,2,3,4
RtT40(Pd80) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rza/3 1,2,3,4
Vor(pc) = 0.8 X Vbba 0.9 1.0 1.45 1.4 Rza/3 | 1,2,34
0,1,1) 40Q Vorpc) = 0.2 x Vboba 0.9 1.0 1.45 1.4 Rza/3 | 1,2,34
RtT40(Pus0) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rza/3 1,2,3,4
VoHpc) = 0.8 x Vbpa 0.6 1.0 1.15 1.1 Rza/3 1,2,3,4
Rrr40 ViL(ac) to Vikac) 0.9 1.0 1.65 1.6 Rza/6 1,2,5
Vorpc) = 0.2 x Vboba 0.6 1.0 1.15 1.1 Rzal4 1,2,3,4
RtT30(Pd60) 0.5 x Vbpa 0.9 1.0 1.15 1.1 Rza/4 1,2,3,4
Vorpc) = 0.8 x Vbba 0.9 1.0 1.45 14 Rza/4 | 1,2,3,4
(1,0,2) 30Q Vorpc) = 0.2 x Vbba 0.9 1.0 1.45 1.4 Rza/4 1,2,3,4
RtT30(Pus0) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rza/4 1,2,3,4
Vorpc) = 0.8 x Vbba 0.6 1.0 1.15 1.1 Rza/4 | 1,2,3,4
Rrr30 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rza/8 1,2,5
VoLpc) = 0.2 x Vbba 0.6 1.0 1.15 1.1 Rza/6 1,2,3,4
Rt720(Pd40) 0.5 x Vbpa 0.9 1.0 1.15 1.1 Rza/6 1,2,3,4
Vonpc) = 0.8 x Vbpa 0.9 1.0 1.45 1.4 Rza/6 1,2,3,4
(1,0,0) 20Q Vorpc) = 0.2 X Vbba 0.9 1.0 1.45 1.4 Rza/6 | 1,2,34
Rt720(Pu40) 0.5 x Vbba 0.9 1.0 1.15 1.1 Rza/6 1,2,3,4
Von(pc) = 0.8 x Vbba 0.6 1.0 1.15 1.1 Rza/6 1,2,3,4
RrT20 ViLac) to Vikac) 0.9 1.0 1.65 1.6 Rza/12 1,2,5
Deviation of Vmw.r.t Vopa/2, AVM -5 - +5 +5 % 1,2,5,6
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Note:

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.
The tolerance limits are specified under the condition that Vooa = Vop and that Vssa = Vss.
Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x Vbpa. Other calibration schemes may be
used to achieve the linearity spec shown above, e.g. calibration at 0.2 x Vppa and 0.8 x Vbba.
Not a specification requirement, but a design guide line.
Measurement definition for Rrr:
Apply ViHac) to pin under test and measure current |(Vinac)), then apply ViLac) to pin under test and measure current I(ViL(ac))
respectively.

Vinac) - ViLac)
Ryt =
I(ViHac)) - 1(ViLac))

6. Measurement definition for VM and AVM: AMeasure voltage (VM) at test pin (midpoint) with no load:

2x VM 1) x 100
Vbba

AVM = (
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8.8.2 ODT DC Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 8-13 and Table 8-14.

AT =T - T(@calibration); AV = Vbpa - Vopa(@calibration); Vob = Voba.

Table 8-13. ODT Sensitivity Definition

Min

Max

Unit

Rt 0.9 - dRr7dT x |AT| - dRrrdV x |AV]

1.6 + dR77dT % |AT| + dR71dV % |AV]|

Rzq/2,4,6,8,12

Table 8-14. ODT Voltage and Temperature Sensitivity

Min Max Unit
dR1TdT 0 1.5 %/°C
dRTrdV 0 0.15 %/mV
Note:
1. These parameters may not be subject to production test. They are verified by design and characterization.
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8.9 ODT Timing Definitions
8.9.1 Test Load for ODT Timings

Different than for timing measurements, the reference load for ODT timings is defined in Figure 8-8.

Voo
DUT
CK, CK#
DQ,DM 4:_0 V1= Vsso
DQS, DQS#
A Rrr=25Q
ngQ

Timing Reference Points

Figure 8-8. ODT Timing Reference Load

8.9.2 ODT Timing Definitions

Definitions for taon, taonep, taor, taorrp and tapc are provided in Table 8-15 and subsequent figures. Measurement reference

settings are provided in Table 8-16.

Table 8-15. ODT Timing Definitions

Symbol Begin Point Definition End Point Definition Figure
taon | Rising edge of CK - CK# defined by the end point of ODTLon |Extrapolated point at Vssa Figure 8-9
taonep | Rising edge of CK - CK# with ODT being first registered HIGH | Extrapolated point at Vssq Figure 8-10

taor | Rising edge of CK - CK# defined by the end point of ODTLoff |End point: Extrapolated point at VrrT,nom | Figure 8-11

taorrp | Rising edge of CK - CK# with ODT being first registered LOW | End point: Extrapolated point at VrtT,nom | Figure 8-12

Rising edge of CK - CK# defined by the end point of End point: Extrapolated points at )
tapc . Figure 8-13
ODTLcnw, ODTLcwn4 of ODTLcwn8 VrrTWR) @nd VRTT,Nom respectively
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Table 8-16. Reference Settings for ODT Timing Measurements

Measured Parameter Rt,Nom Setting Rrrwr) Setting Vswi[V] Vsw2[V]
Rzol4 NA 0.05 0.10
taon
Rzo/12 NA 0.10 0.20
Rzol4 NA 0.05 0.10
taonPD
Rzo/12 NA 0.10 0.20
Rzql4 NA 0.05 0.10
taor
Rzq/12 NA 0.10 0.20
Rzql4 NA 0.05 0.10
taoFPD
Rzo/12 NA 0.10 0.20
DDR3L(1.35V) Rzo/12 Rzql/2 0.20 0.25
tabc
DDR3(1.5V) Rzo/12 Rzq/2 0.20 0.30

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLon

DQ,DM
DQS,DQS#

End point: Extrapolated point at Vssq

Figure 8-9. Definition of taon

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

DQ,DM
DQS,DQS#

Vsso

End point: Extrapolated point at Vssg

Figure 8-10. Definition of taonep
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Begin point: Rising edge of CK - CK#
defined by the end point of ODTLoff

Figure 8-11. Definition of taor

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

:<_>:tAOFPD
! 1 End point: Extrapolated point at VRTT,Nom
VRTT,Nom 1/
DQ,DM
DQS,DQS#

Figure 8-12. Definition of taorrp

Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK# defined
defined by the end point of ODTLcnw by the end point of ODTLcwn4 or ODTLcwn8

DQS,DQS#

point at
VRTT,Nom

Figure 8-13. Definition of tanc
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9 Ioo CURRENT MEASURE METHOD

9.1 Ipp Measurement Conditions

In this chapter, lob and Iopa measurement conditions such as test load and patterns are defined.

Figure 9-1 shows the setup and test load for Ibb and lopa measurements.

. oo currents (such as Ippo, Iop1, Ipb2n, IopanTt, Ibbzpo, Ibb2p1, Ibb2a, Iopsn, Ibpsp, Ibbar, lbbaw, Ibpss, loos, lopseT, lopbetc and Iop7)
are measured as time-averaged currents with all Voo balls of the DDR3 SDRAM under test tied together. Any Iopa current is
not included in Iop currents.

. Ibpa currents (such as Ibbaz2nt and Iopbasr) are measured as time-averaged currents with all Vppa balls of the DDR3 SDRAM
under test tied together. Any Ipp current is not included in Ippa currents.

Attention: lbpq values cannot be directly used to calculate 1/O power of the DDR3 SDRAM. They can be used to support

correlation of simulated 1/0O power to actual 1/0 power as outlined in Figure 9-2. In DRAM module application, Ipba cannot be

measured separately since Vop and Vopq are using one merged-power layer in Module PCB.

For lop and Ibpa measurements, the following definitions apply:
. "0" and "LOW" is defined as ViNn < ViLAC(max).
. "1" and "HIGH" is defined as ViNn = ViH.Ac(min).
. "MID-LEVEL" is defined as inputs are Vrer = Voo/ 2.
. "Timing used for Ipp and lbba Measured - Loop Patterns" are provided in Table 9-1.
. "Basic lob and Iopa Measurement Conditions" are described in Table 9-2.
. Detailed Iop and Iopa Measurement-Loop Patterns are described in Table 9-3 through Table 9-10.
. Ioo Measurements are done after properly initializing the DDR3 SDRAM. This includes but is not limited to setting:
Ron = Rza/7 (34Q in MR1)
Qoff = Ob (Output Buffer enabled in MR1)
Rt7Nom = Rza/6 (40Q in MR1)
Rrrwr) = Rza/2 (120Q in MR2)

TDQS Feature disabled in MR1
Attention: The Iop and Ippa Measurement-Loop Patterns need to be executed at least one time before actual lpp or Ippa
measurement is started.
. Define D = {CS#, RAS#, CAS#, WE#} = {HIGH, LOW, LOW, LOW}
. Define D# = {CS#, RAS#, CAS#, WE#} = {HIGH, HIGH, HIGH, HIGH}
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loo |DDQ
Voo Vooo

O0—— RESET_n
O— CK_t/CK ¢

-~ DDR3 SDRAM
° CKE DQS, DQS# Ry = 250
o—— CS# DQ, DM —o—{_ —0 Vool
o——| RASH#, CAS#, WE# TDQS, TDQSH#
O— A BA
o—— ODT
o0— ZQ Vss Vsso

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

Figure 9-1. Measurement Setup and Test Load for Ipp and Ibpa Measurements

o - looo
Application specific memory
channel environment Test Load

\4 v

. . |
Channel 10 Power Simulation _bpQ. loog
Simulation Measurement

Correlation

X

l

Channel 10 Power
Number

A

Correlation

Figure 9-2. Correlation from Simulated Channel I/0 Power to Actual Channel I/O Power Supported by Iopa Measurement
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Table 9-1. Timing used for lop and lopa Measured-Loop Patterns for 1866/2133
DDR3/DDR3L DDR3/DDR3L
Symbol 1866 2133 Unit
13-13-13 14-14-14
tek 1.071 0.938 ns
CL 13 14 nCK
nRCD 13 14 nCK
nRC 45 50 nCK
NnRAS 32 36 nCK
nRP 13 14 nCK
1KB page size 26 27 nCK
nFAW
2KB page size 33 38 nCK
1KB page size 5 6 nCK
NnRRD
2KB page size 6 7 nCK
nRFC 512Mb 85 97 nCK
nRFC 1Gb 103 118 nCK
nRFC 2Gb 150 172 nCK
nRFC 4Gb 243 279 nCK
nRFC 8Gb 328 375 nCK
Table 9-2. Basic IDD and IDDQ Measurement Conditions
Symbol Description
Operating One Bank Active-Precharge Current
CKE: HIGH
External Clock: On
tck, NRC, nRAS, nRCD, CL: See Table 9-1
BL: 8®
AL: 0O
| CS#: HIGH between ACT and PRE
ppo Command, Address, Bank Address Inputs: Partially toggling according to Table 9-3
Data I/O: MID-LEVEL
DM: Stable at 0
Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 9-3)
Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0
Pattern Details: See Table 9-3
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Symbol

Description

Ibp1

Operating One Bank Active-Read-Precharge Current

CKE: HIGH

External Clock: On

tck, NRC, nRAS, nRCD, CL: See Table 9-1

BL: 816

AL: 0

CS#: HIGH between ACT, RD and PRE

Command, Address, Bank Address Inputs, Data I/O: Partially toggling according to Table 9-4
DM: Stable at 0

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 9-4)
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 9-4

Ibb2n

Precharge Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 8™

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 9-5
Data 1/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pattern Details: See Table 9-5

Ipp2nT

Precharge Standby ODT Current

CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 8

AL: 0O

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 9-6
Data I/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Toggling according to Table 9-6

Pattern Details: Table 9-6

IopganT

Precharge Standby ODT lppg Current
Same definition like for Ibpznt, however measuring lopg current instead of Ipp current.

Ibb2Po

Precharge Power-Down Current Slow Exit

CKE: LOW

External Clock: On

tck, CL: See Table 9-1

BL: 81

AL: 0O

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data I/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pecharge Power Down Mode: Slow Exit®
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Symbol

Description

lpp2P1

Precharge Power-Down Current Fast Exit

CKE: LOW

External Clock: On

tck, CL: See Table 9-1

BL: 8

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data 1/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pecharge Power Down Mode: Fast Exit®

Ibb2g

Precharge Quiet Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 81

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data I/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Ibpan

Active Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 8

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 9-5
Data I/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks open

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pattern Details: See Table 9-5

Ibbsp

Active Power-Down Current

CKE: LOW

External Clock: On

tck, CL: See Table 9-1

BL: 8

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data I/0O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks open

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0
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Symbol Description

Operating Burst Read Current
CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 816
AL: 0
CS#: HIGH between RD
Ippar Command, Address, Bank Address Inputs: Partially toggling according to Table 9-7
Data 1/0: Seamless read data burst with different data between one burst and the next one according to
Table 9-7

DM: Stable at 0

Bank Activity: All banks open, RD commands cycling through banks: 0,0,1,1,2,2, ... (see Table 9-7)
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 9-7

Operating Burst Read lbpg Current

| J . . .
DDQ4R Same definition like for Iopar, however measuring Iooo current instead of Ipp current.

Operating Burst Write Current

CKE: HIGH

External Clock: On

tck, CL: See Table 9-1

BL: 81

AL: 0

CS#: HIGH between WR

IDDaw Command, Address, Bank Address Inputs: Partially toggling according to Table 9-8

Data 1/0: Seamless write data burst with different data between one burst and the next one according to
Table 9-8

DM: Stable at 0

Bank Activity: All banks open, WR commands cycling through banks: 0,0,1,1,2,2, ... (see Table 9-8)
Output Buffer and RtT: Enabled in Mode Registers®@

ODT Signal: Stable at HIGH

Pattern Details: See Table 9-8

Burst Refresh Current

CKE: HIGH

External Clock: On

tck, CL NRFC: See Table 9-1

BL: 8

AL: 0

CS#: HIGH between REF

Command, Address, Bank Address Inputs: Partially toggling according to Table 9-9
Data I/0: MID-LEVEL

DM: Stable at 0

Bank Activity: REF command every nRFC (see Table 9-9)
Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pattern Details: See Table 9-9

Ibpss
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Symbol

Description

Ibps

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 9-1

BL: 8W

AL: 0

CS#, Command, Address, Bank Address, Data I/O: MID-LEVEL
DM: Stable at 0

Bank Activity: Self Refresh operation

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: MID-LEVEL

IbpeET

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 9-1

BL: 816

AL: 0

CS#, Command, Address, Bank Address, Data I/O: MID-LEVEL
DM: Stable at 0

Bank Activity: Extended Temperature Self Refresh operation
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: MID-LEVEL

IopsTC

Auto Self-Refresh Current (optional)

Tcase: 0-95°C

Auto Self-Refresh (ASR): Enabled®

Self-Refresh Temperature Range (SRT):Normal®
CKE: Low

External clock: Off

CK and CK#: LOW;

CL: see Table 9-1

BL: 80

AL: 0

CS#, Command, Address, Bank Address, Data |10: MID-LEVEL
DM:stable at 0

Bank Activity:Auto Self-Refresh operation

Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: MID-LEVEL
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Symbol

Description

lbpb7

Operating Bank Interleave Read Current

CKE: HIGH

External Clock: On

tck, NRC, NRAS, nRCD, nRRD, nFAW, CL: See Table 9-1

BL: 846

AL: CL-1

CS#: HIGH between ACT and RDA

Command, Address, Bank Address Inputs: Partially toggling according to Table 9-10

Data I/0O: Read data bursts with different data between one burst and the next one according to Table 9-10
DM: Stable at 0

Bank Activity: Two times interleaved cycling through banks (0, 1, ...7) with different addressing, see Table
9-10

Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 9-10

Ibps

RESET Low Current

RESET: LOW

External Clock: Off

CK and CK#: LOW

CKE: FLOATING

CS#, Command, Address, Bank Address, Data I/0O: FLOATING

ODT Signal: FLOATING

RESET Low current reading is valid once power is stable and RESET has been LOW for at least 1ms.

Note:

1.
2.

o o~ w

Burst Length: BL8 fixed by MRS: set MRO A[1,0] = 00b.
Output Buffer Enable: Set MR1 A[12] = Ob; set MR1 A[5,1] = 01b.

Rr7Nom enable: Set MR1 A[9,6,2] = 011b.
Rrrwr) enable: Set MR2 A[10,9] = 10b.

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

Auto Self Refresh (ASR): Set MR2 A6 = Qb to disable or 1b to enable feature.

Self Refresh Temperature Range (SRT): Set MR2 A7 = Ob for normal or 1b for extended temperature range.
Read Burst Type: Nibble Sequential, set MRO A[3] = Ob.
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Table 9-3. Ibbo Measurement-Loop Pattern(")
o g o
go% o §o§gso§§_>z_>_>?.
o |a|5| Z S |2 2|22 3|32 2|58 8|8
2 3 3 3 i 2|2 J &) =2
e
0 ACT 0 0 1 1 0 00 0 0 0 0
1,2 D,D 1 0 0 0 0 0 00 0 0 0 0 -
3.4 D#, D# 1 1 1 1 0 0 00 0 0 -
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE 0 0 1 0 0 0 00 0 0 0 0 -
repeat pattern 1...4 until nNRC - 1, truncate if necessary
° 1xnRC+0 ACT 0 0 1 1 0 0 00 0 0 F 0 -
1xnRC+1,2 D,D 1 0 0 0 0 0 00 0 0 F 0 -
- g 1xnRC+34 |D#D# | 1 | 1 | 1 | 1|0 |0 |oo|oO | 0| F]|oO0]| -
@ (_j’: repeat pattern nRC + 1...4 until 1 x nRC + nRAS - 1, truncate if necessary
8 Q 1 xnRC +nRAS| PRE 0 0 1 0 0 0 00 0 0 F 0 -
repeat nNRC + 1...4 until 2 x nRC - 1, truncate if necessary
1 2 xnRC repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4 x nRC repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6 x nRC repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8 x nRC repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10 x nRC repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12 x nRC repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14 x nRC repeat Sub-Loop 0, use BA[2:0] = 7 instead

Note:

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 9-4. Ibp1 Measurement-Loop Pattern(?

2| q ‘é" £o g ol 2|9 |s|o > Zlxz2l2|2 g
o |A| b | g% S % ¢|g| T S |T| 2|2 88 8| &
2 8 g ® 3 Rl s S | = = B
0 ACT 0 0 1 1 0 0 00 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 00 0 0 0 -
3.4 D# D#| 1 1 1 1 0 0 00 0 0 0 0 -
repeat pattern 1...4 until NRCD - 1, truncate if necessary
nRCD RD 0 1 0 1 0 0 00 0 0 0 0 |00000000
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE 0 0 1 0 0 0 00 0 0 0 0 -
repeat pattern 1...4 until nNRC - 1, truncate if necessary
° 1xnRC+0 ACT 0 0 1 1 0 0 00 0 0 F 0 -
1xnRC+12 | D,D 1 0 0 0 0 0 00 0 0 F 0 -
< g 1xnRC+3,4 |D#,D#| 1 1 1|10 |0]o|0]|oO0]|F]|oO -
@ g repeat pattern nRC + 1...4 until NnRC + nRCD - 1, truncate if necessary
& G;) 1 xnRC+nRCD| RD ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 00 ‘ 0 ‘ 0 ‘ F ‘ 0 ‘00110011
repeat pattern nRC + 1...4 until NnRC + nRAS - 1, truncate if necessary
1 xnRC +nRAS| PRE 0 0 1 0 0 0 00 0 0 F 0 -
repeat pattern nRC + 1...4 until 2 x nRC - 1, truncate if necessary
1 2 xnRC repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4 x nRC repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6 x nNRC repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8 x nRC repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10 x nRC repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12 x nRC repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14 x nRC repeat Sub-Loop 0, use BA[2:0] = 7 instead
Note:

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 9-5. Ipp2n and Iopan Measurement-Loop Pattern(”
<
(7] o
(@) o P w >
X|lao| 5 | ©° 3 |o|2|Q|s|lol2 |2 |23 |2|3|8%
o X - z 3 L% 73 79 m =) N Q 2 © B4 » &
s ™| 8 | 35 8 R 1| = 135|223 |25
o <3 o
]
0 1 0 0 0 0 0 0 0 0 0 0
1 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 -
5 % 1 4-7 repeat Sub-Loop 0, use BA[2:0] = 1 instead
@ % 2 8-11 repeat Sub-Loop 0, use BA[2:0] = 2 instead
5 =
@ GI) 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
Note:
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 9-6. Iopznt and Ippaznt Measurement-Loop Pattern(!)
<
(2] o
0 2] by w >
2|lo|l & | ©° 3 o2 |9 |=s|lol2|2 2|35 |3|8%8
/™! &8 | 3 8 Il = 3|5 |2 |23 a5
-] 3 a
1)
=
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 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 -
5 % 1 4-7 repeat Sub-Loop 0, but ODT =0 and BA[2:0] =1
@ % 2 8-11 repeat Sub-Loop 0, but ODT = 1 and BA[2:0] = 2
5 L
@ % 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
Note:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
Table 9-7. Iopsr and Iopasr Measurement-Loop Pattern()
<
(7] (2]
(9] o >
1o 5| 5 S lolzlols|olB|Z2 22|22 %
o |A| £ | Z 3 el sls @8 | B2 |C|2 || 5
x m 8 5 2 +* 3+ * * = o =2 = | L 2 s
* o T o =
]
0 RD 0 1 0 1 0 0 00 0 0 0 0 00000000
1 D 1 0 0 0 0 0 00 0 0 0 0 -
2,3 D#, D# 1 1 1 1 0 0 00 0 0 0 0 -
0
4 RD 0 1 0 1 0 0 00 0 0 F 0 |00110011
5 D 1 0 0 0 0 0 00 0 0 F 0 -
4 g 6,7 D#, D# 1 1 1 1 0 0 00 0 0 F 0 -
Q =
@ |2 1 8-15 repeat Sub-Loop 0, but BA[2:0] = 1
5 L
@ | @ 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
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Note:

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 9-8. Iopsw Measurement-Loop Pattern(?

(s)
<
7] )
0 o >
?‘o%‘”goggsogﬂ.l’.?—’-l’-l’-g
o |l | | 3 |2l |l@ |9 IB| 2|22 |8 B
2™ & | § | B IR | =g |2|=2|2|aela %
T o Q
1)
=
0 WR 0 1 0 0 1 0 00 0 0 0 0 | 00000000
1 D 1 0 0 0 1 0 00 0 0 0 0 -
2,3 D#, D# 1 1 1 1 1 0 00 0 0 0 0 -
0
4 WR 0 1 0 0 1 0 00 0 0 F 0 | 00110011
5 D 1 0 0 0 1 0 00 0 0 F 0 -
4 | 2 67 |D#D#¥ | 1 | 1 | 1 |1 |1 |0 0| 0| O]|F/|O]| -
o =
S 4 1 8-15 | repeat Sub-Loop 0, but BA[2:0] = 1
5 L
@ % 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
Note:

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 9-9. Iopss Measurement-Loop Pattern(")

(3]
<
(7] o
(9] (2] >
Rlao| 5| o S lol2|Q|s|o|l2|23|2|2|3|2]|F
o | x| = | Z | 3 |¢2|&|G|T3|C8|IN|2|Z2|€|2 P&
x | ™M 4 3 2 I T I e S - = O = T - R = B
* o T o =
1)
=
0 0 REF 0 0 0 1 0 00 0 0 0 0
1,2 D,D 1 0 0 0 0 0 00 0 0 0 0 -
34 D#, D# 1 1 1 1 0 0 00 0 0 -
5-8 repeat cycles 1 - 4, but BA[2:0] =1
5 g 9-12 repeat cycles 1 - 4, but BA[2:0] = 2
@ |2 1 13-16 | repeatcycles 1 - 4, but BA[2:0] = 3
5 =
«a @ 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 nNRFC - 1. Truncate, if necessary.
Note:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
Table 9-10. Iop7 Measurement-Loop Pattern("
<
(2] ()
(9] o >
*|lal ¥ o S lol2lQ|s|el2|2|2|2|2|2 ¥
o | x| F z 3 el lBlT|o|N |2 |C |2 |8 &
2|78 3 B (*|R|R|* (3|22 |ela]| %
* ° T o =
]
0 ACT | O 0 1 1 0 0 |00 | O 0 0 0 -
1 RDA| O 1 0 1 0 0 |00 | 1 0 00000000
0
2 D 1 0 0 0 0 0 |00 | O 0 0 -
repeat above D Command until NnRRD - 1
nRRD ACT| O 0 1 1 0 1 (00| O 0 F 0 -
— @ NRRD + 1 RDA | O 1 0 1 0 1|00 |1 0 F 0 |00110011
S|z 1
Q % NRRD + 2 D 1 0 0 0 0 1|0 |0 0 F 0 -
5 =
<« g repeat above D Command until 2 x nRRD - 1
2 2 x nRRD repeat Sub-Loop 0, but BA[2:0] = 2
3 3 x nRRD repeat Sub-Loop 1, but BA[2:0] =3
D 1 0 0 0 0 3 /00| O 0 F 0 -
4 4 x nRRD
assert and repeat above D Command until NFAW - 1, if necessary
5 nFAW repeat Sub-Loop 0, but BA[2:0] =4
52 2024/4/18
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(3]
7] S o
(9} o o w >
Xlaol|7 ® 3 alB|Qs|el2 2|23 23| %
A 3 3 B | ® | =9 13|2(2|2|a 8 .
L) 3 a
o
=
6 nFAW + nRRD repeat Sub-Loop 1, but BA[2:0] =5
7 nFAW + 2 x nRRD repeat Sub-Loop 0, but BA[2:0] = 6
8 nFAW + 3 x nRRD repeat Sub-Loop 1, but BA[2:0] =7
D 1 0 0 0 0 7 00| O 0 F 0 -
9 NFAW + 4 x nRRD
assert and repeat above D Command until 2 x nNFAW - 1, if necessary
2 x nFAW + 0 ACT | O 0 1 1 0 0 |00 | O 0 F 0 -
2 x nFAW + 1 RDA| O 1 0 1 0 0 |00 | 1 0 F 0 |00110011
10
D 1 0 0 0 0 0 |00 | O 0 F 0 -
2 x nFAW + 2
repeat above D Command until 2 x nFAW + nRRD - 1
2 x nFAW + nRRD ACT | O 0 1 1 0 1 (00| O 0 0 0 -
2xnFAW+nRRD+1 | RDA| O 1 0 1 0 1 (00| 1 0 0 0 | 00000000
11
D 1 0 0 0 0 1 (00| O 0 0 0 -
2 x nNFAW + nRRD + 2
repeat above D Command until 2 x NFAW + 2 x nRRD - 1
12 | 2x nFAW + 2 x nRRD | repeat Sub-Loop 10, but BA[2:0] = 2
13 | 2x nFAW + 3 x nRRD | repeat Sub-Loop 11, but BA[2:0] = 3
D 1 0 0 0 0 3 ]00| 0 0 0 0 -
14 | 2 x nNFAW + 4 x nRRD
assert and repeat above D Command until 3 x nFAW - 1, if necessary
15 3 x nFAW repeat Sub-Loop 10, but BA[2:0] = 4
16 3 x nFAW + nRRD repeat Sub-Loop 11, but BA[2:0] =5
17 | 3xnFAW + 2 x nRRD | repeat Sub-Loop 10, but BA[2:0] = 6
18 | 3 x nFAW + 3 x nRRD | repeat Sub-Loop 11, but BA[2:0] =7
D 1 0 0 0 0 7 00| O 0 0 0 -
19 | 3 x nFAW + 4 x nRRD
assert and repeat above D Command until 4 x nNFAW - 1, if necessary
Note:

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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9.2 Ipp Specifications
Iop values are for full operating range of voltage and temperature unless otherwise noted.
Table 9-11. loo Specifications (1.35V)
Speed Grade Bin DDR3L-1866 DDR3L-2133
Unit Note
Symbol Max Max
Iobo 60 62.7 mA x16
Iop1 88 92 mA x16
Ipbzpr(0) slow exit 18.6 18.6 mA x16
Iop2r(1) fast exit 21.6 21.6 mA x16
Iob2n 36 37 mA x16
lop2nT 37 39 mA x16
Iop2a 34 35 mA x16
Iopsp fast exit 39 39 mA x16
IopaN 47 49 mA x16
Ibbar 176 186 mA x16
Iopaw 168 176 mA x16
Iopss 186 196 mA x16
Ios(" 12 12 mA x16
IppeeT® 20 20 mA x16
Iop7 206 216 mA x16
Iops 10 10 mA x16

Note:

1. Applicable for MR2 setting A6 = Ob and A7 = Ob. Temperature range for Ipps is 0 - 85°C at commercial temperature, -40 -

85°C at industrial temperature.

2. Applicable for MR2 setting A6 = Ob and A7 = 1b. Temperature range for Ippset is 0 - 95°C at commercial temperature &
industrial temperature.

3.  Some data retains the possibility of future updates.
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Table 9-12. Ibp Specifications (1.5V)
Speed Grade Bin DDR3-1866 DDR3-2133 )
Symbol Max Max Untt Note
Iooo 61 64 mA x16
lop1 90 94 mA x16
Ibp2r(0) slow exit 19 19 mA x16
Ibp2pr(1) fast exit 22 22 mA x16
Iop2n 36 38 mA x16
IopanT 38 40 mA x16
Iop2a 35 36 mA x16
Iopsp fast exit 40 40 mA x16
Iopsn 48 50 mA x16
Iopar 180 190 mA x16
Iopaw 172 180 mA x16
Iopss 190 200 mA x16
Ipps(" 12 12 mA x16
IppeeT® 20 20 mA x16
lop7 210 220 mA x16
Iops 10 10 mA x16

Note:

1. Applicable for MR2 setting A6 = Ob and A7 = Ob. Temperature range for Ipps is 0 - 85°C at commercial temperature, -40 -

85°C at industrial temperature.

2. Applicable for MR2 setting A6 = Ob and A7 = 1b. Temperature range for Ippeet is 0 - 95°C at commercial temperature &

industrial temperature.

3. Some data retains the possibility of future updates.
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10 INPUT/OUTPUT CAPACITANCE
10.1 Input/Output Capacitance
Table 10-1. DDR3L/DDR3-800/1066/1333/1600 Input/Output Capacitance
800 1066 1333 1600
Symbol Parameter Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max
DDR3
Co Input/output capacitance (1.5V) 14130 ) 14 )27 | 14 ) 25 141 23 oF 123
(DQ, DM, DQS, DQS#) DDRSL 14 | 25 | 14 | 25 | 14 | 23 | 14 | 22
(1.35V)

Ccek Input capacitance, CK and CK# 0.8 16 | 0.8 1.6 | 0.8 14 | 08 | 14 pF 2,3
Cbck Input capacitance delta, CK and CK# 0 0.15 0 0.15 0 0.15 0 0.15 | pF 2,3,4
Cobas Input/output capacitance delta DQS and 0 0.2 0 0.2 0 0.15 0 015 | pF 235

DQS#
8'35'3/?; 075| 14 075|135 075 | 1.3 | 075 | 1.3
c Input capacitance (CTRL, : E 236
! ADD, CMD input-only pins) |  ppr3L P "

(1.35V) 075 13 | 075 1.3 [075| 1.3 |0.75| 1.2

CoLcrr. | MMPUtcapacitance delta (Al CTRLinput- | 5| o3 | o5 | 03 |-04 | 02 | -04 | 02 | pF | 23,78

only pins)
Input capacitance delta (All ADD/CMD | _ ) ) )
Coi_AbD_cMD input-only pins) 0.5 | 05 0.5 | 0.5 0.4 | 04 0.4 | 04 | pF (239,10
Input/output capacitance delta, DQ, DM,

Coio DQS, DQS# 05103 |-05|03|-05]|03]-05|03]| pF | 23,11

Cza Input/output capacitance of ZQ pin - 3 - 3 - 3 - 3 pF | 2,3,12
Note:

1. The DM pin load 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 vec-tor network analyzer (VNA)”) with Vbop, Vbba,

Vss, Vssa applied and all other pins floating (except the pin under test, CKE, RESET# and ODT as necessary). Vop = Vbopa =

1.35V, VBias = Vpp/2 and on-die termination off.

© © N o 0 A~

Absolute value of Cck - Coks.
Absolute value of Ciopas) - Ciopas#).
Ci applies to ODT, CS#, CKE, A0 —A12, BAO - BA2, RAS#, CAS#, WE#.
Coi_ctrL applies to ODT, CS# and CKE.

Coi_ctrL = Cictre) - 0.5 x (CicLk) + CicLk)).

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

10. Coi_apbp_cmp = Ciapb_cmp) - 0.5 % (CicLk) + CicLks)).

11. Coio= Ciopa, om) - 0.5 % (Ciopas) + Ciopast)).

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

This parameter applies to monolithic devices only, stacked/dual-die devices are not covered here.
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Table 10-2. DDR3L/DDR3-1866/2133 Input/Output Capacitance
1866
Symbol Parameter Unit | Note
Min Max Min Max
Input/output capacitance (DQ, DDRS3 (1.5V) 1.4 2.2 14 2.1
Cio DM, DQS, DQS# PF | 123
’ d ) DDR3L (1.35V) 1.4 2.1 1.4 2.1
Cck Input capacitance, CK and CK# 0.8 1.3 0.8 1.3 pF 2,3
Cbck Input capacitance delta, CK and CK# 0 0.15 0 0.15 pF 2,34
Cobas Input/output capacitance delta DQS and DQS# 0 0.15 0 0.15 pF 2,3,5
Input capacitance (CTRL, DDR3 (1.5V) 0.75 1.2 0.75 1.2
c ADD, CMD input-only pi pF | 2,36
, input-only pins) DDR3L (1.35V) 0.75 1.2 0.75 1.2
Col_cTrRL Input capacitance delta (All CTRL input-only pins) -0.4 0.2 -0.4 0.2 pF | 2,3,7,8
Coi_app_cmp | Input capacitance delta (All ADD/CMD input-only pins) -0.4 0.4 -0.4 04 pF | 2,3,9,10
Coio Input/output capacitance delta, DQ, DM, DQS, DQS# -0.5 0.3 -0.5 0.3 pF 2,3,11
Cza Input/output capacitance of ZQ pin - 3 - 3 pF 2,3,12
Note:

1. The DM pin load 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 vec-tor network analyzer(VNA)”) with Vbp, Voba,

Vss, Vssa applied and all other pins floating (except the pin under test, CKE, RESET# and ODT as necessary).

Vop = Vbpa = 1.35V, Veias = Vbp/2 and on-die termination off.

Absolute
Absolute

© © N o 0~

value of Cck - Ccks.

value of Ciopas)- Ciopas#).

10. Coi_apbp_cmp = Ciapb_cmp) - 0.5 % (CicLk) + CicLks)).

11. Coio= Ciopa, om) - 0.5 x (Ciopas) + Ciopas#)).

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

Ci applies to ODT, CS#, CKE, A0 —A12, BAO - BA2, RAS#, CAS#, WE#.
Coi_ctrL applies to ODT, CS# and CKE.

Cpi_cTtrRL = CicTrL) - 0.5 % (CicLk) + CicLks)).
Coi_app_cwmp applies to A0 — A12, BAO - BA2, RAS#, CAS# and WE#.

This parameter applies to monolithic devices only, stacked/dual-die devices are not covered here.
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11 ELECTRONICAL CHARACTERISTICS AND TIMING
11.1 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in
malfunction of the DDR3L SDRAM device.

11.1.1 Definition for tCK(avg)

tck(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is calculated

from rising edge to rising edge.
N

teK(avg) = (Z tok) /N N=200
=

11.1.2 Definition for tck(abs)

tek(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge. tckabs) is

not subject to production test.

11.1.3 Definition for tchavg) and tci(avg)

tcHvg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N

tcH(avg) = ( tCHj) / (N x tCK(avg)) N=200
=1

teL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
teL(avg) = (Z tey) / (N % tck@avg) N=200
=1

11.1.4 Definition for tyrper and turer, ick)

turper) is defined as the largest deviation of any signal tck from tckavg)-

tumper) = Min/max of {tcki- tckavg) Wwhere i = 1 to 200}.

tutper) defines the single period jitter when the DLL is already locked.

tuit(per, Ick) Uses the same definition for single period jitter, during the DLL locking period only.

tu(per) @and tuit(per, Ick) @re not subject to production test.

11.1.5 Definition for tJlT(cc) and tJlT(cc, Ick)

turce) is defined as the absolute difference in clock period between two consecutive clock cycles.
tuTce) = max of [{tcki +1 - tcki}|.

tuT(cc) defines the cycle to cycle jitter when the DLL is already locked.

tuimee, 1ck) USes the same definition for cycle to cycle jitter, during the DLL locking period only.

tum(ee) and tuit (cc, Ick) @re not subject to production test.

11.1.6 Definition for terr(nper)

terr is defined as the cumulative error across multiple consecutive cycles from tckavg). terr is not subject to production test.
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11.2 Refresh Parameters By Device Density
Table 11-1. Refresh Parameters by Device Density
Parameter Symbol 1Gb Unit Note
REF command to ACT or REF command time trrc 110 ns -
0°C < Tcase = 85°C 7.8 Ms -
Average periodic refresh interval trREFI
85°C < Tcase £ 95°C 3.9 ps -
11.3 Standard Speed Bins
DDR3 SDRAM Standard Speed Bins include tck, trep, trp, tras and tre for each corresponding bin.
Table 11-2. DDR3L/DDR3-1866 Speed Bins and Operating Conditions
Speed Bin DDR3L/DDR3-1866
CL-nRCD-nRP 13-13-13 Unit Note
Parameter Symbol Min Max
Internal READ command to first data taa 13.91(13.125) 20 ns -
ACT to internal READ or WRITE delay time trcD 13.91(13.125) - ns -
PRE command period trP 13.91(13.125) - ns -
ACT to PRE command period trRAS 34 9 x treF ns -
ACT to ACT or REF command period trc 47.91(47.125) - ns -
CWL=5 tcK(avg) 2.5 3.3 ns 1,2,3,5
CL=6 CWL=6 tcK(avg) Reserved - 4
CWL=7,8,9 tcK(avg) Reserved - 4
CWL=5 tcK(avg) Reserved - 4
CL=7 CWL=6 tck(avg) 1.875 ‘ <25 ns 1,2,3,4,5
CWL=7,8,9 tcK(avg) Reserved - 4
CWL=5 tcK(avg) Reserved - 4
cLes CWL=6 tCK(avg) 1.875 | <25 ns 1235
CWL=7 tck(avg) Reserved - 4
CWL=38,9 tcK(avg) Reserved - 4
CWL=5,6 tck(ava) Reserved - 4
cL=g CWL=7 tck(avg) 1.5 <1.875 ns 1,2,3,4,5
CWL=38 tck(ava) Reserved - 4
CwL=9 tcK(avg) Reserved - 4
CWL=5,6 tcK(avg) Reserved - 4
CL=10 CWL=7 tck(avg) 1.5 ‘ <1.875 ns 1,2,3,5
CwWL=38 tcK(avg) Reserved - 4
CWL =5,6,7 tcK(avg) Reserved - 4
CL=11 CWL=38 tck(avg) 1.25 ‘ <15 ns 1,2,3,4,5
CwL=9 tcK(avg) Reserved - 4
cL=13 CWL=5,6,7,8 tcK(avg) Reserved - 4
CWL=9 tck(avg) 1.07 ‘ <1.25 ns 1,2,3
Supported CL Settings 6,7,8,9,10,11,13 nCK -
Supported CWL Settings 5,6,7,8,9 nCK -
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Table 11-3. DDR3L/DDR3-2133 Speed Bins and Operating Conditions
Speed Bin DDR3L/DDR3-2133
CL-nRCD-nRP 14-14-14 Unit Note
Parameter Symbol Min Max
Internal READ command to first data taa 13.09 20 ns -
ACT to internal READ or WRITE delay time trRcD 13.09 - ns -
PRE command period trP 13.09 - ns -
ACT to PRE command period trRAS 33 9 x treF ns -
ACT to ACT or REF command period tre 46.09 - ns -
cL=5 CWL=5 tCK(avg) Reserved - 4
CWL =6,7,8,9,10 tCK(avg) Reserved - 4
CWL=5 tcK(avg) 25 3.3 ns 1,2,3,6
CL=6 CWL=6 tcK(ava) Reserved - 4
CWL=7,8,9,10 tcK(avg) Reserved - 4
CWL=5 tcK(avg) Reserved - 4
cL=7 CWL=6 tck(avg) 1.875 <25 ns 1,2,3,6
CwL=7 tcK(avg) Reserved - 4
CWL =8,9,10 tcK(ava) Reserved - 4
CWL=5 tcK(avg) Reserved - 4
cL=8 CWL=6 tcK(avg) 1.875 <25 ns 1,2,3,6
CwL=7 tcK(avg) Reserved - 4
CWL = 8,9,10 tcK(avg) Reserved - 4
CWL=5,6 tcK(avg) Reserved - 4
cL=9 CWL=7 tcK(avg) 1.5 <1.875 ns 1,2,3,4,6
CWL=38 tcK(avg) Reserved - 4
CWL=9,10 tcK(ava) Reserved - 4
CWL=5,6 tcK(avg) Reserved - 4
CWL=7 tcK(avg) 1.5 <1.875 ns 1,2,3,6
CL=10 CWL=8 tcK(avg) Reserved - 4
CWL=9 tcK(avg) Reserved - 4
CWL =10 tcK(avg) Reserved - 4
CWL =5,6,7 tcK(ava) Reserved - 4
L = 11 CWL=38 tck(avg) 1.25 <15 ns 1,2,3,6
CWL=9 tcK(avg) Reserved - 4
CWL =10 tcK(avg) Reserved - 4
CWL=5,6,7,8 tcK(avg) Reserved - 4
CL=13 CWL=9 tcK(avg) 1.07 ‘ <1.25 ns 1,2,3,6
CwL=10 tCcK(avg) Reserved - 4
CL=14 CWL =5,6,7,8,9 tcK(avg) Reserved - 4
CWL =10 tok(avg) 0.938 | <107 ns 12,3
Supported CL Settings 5,6,7,8,9,10,11,13,14 nCK -
Supported CWL Settings 5,6,7,8,9,10 nCK -
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11.3.1 Speed Bin Table Note

Note:

1. The CL setting and CWL setting result in tck(avg)min and tckavg)max requirements. When selecting tckavg), both need
to be fulfilled requirements from CL setting as well as requirements from CWL setting.

2. tek@vg)min limits: since CAS Latency is not purely analog-data and strobe output are synchronized by the DLL-all
possible intermediate frequencies may not be guaranteed. An application should use the next smaller JEDEC
standard tckvg) value (3.0, 2.5, 1.875, 1.5, 1.25,1.07 or 0.938ns) when calculating CL [nCK] = taa [ns]/tckavg) [NS],
rounding up to the next “Supported CL”, where tckavg) = 3.0ns should only be used for CL = 5 calculation.

3. tekavgmax limits: calculate tckavg) = taamax/CL SELECTED and round the resulting tckvg) down to the next valid speed
bin (3.3, 2.5, 1.875, 1.5, 1.25, 1.07 or 0.938ns). This result is tck@vgmax corresponding to CL SELECTED.
‘Reserved’ settings are not allowed. User must program a different value.

Any DDR3L/DDR3-1866 speed bin also supports functional operation at lower frequencies as shown in the
corresponding table which are not subject to Production Tests but verified by Design/Characterization.

6. Any DDR3L/DDR3-2133 speed bin also supports functional operation at lower frequencies as shown in the
corresponding table which are not subject to Production Tests but verified by Design/Characterization.

DDRS3L-800 AC timing apply if DRAM operates at lower than 800MT/s data rate.
For devices supporting optional down binning to CL = 11, CL = 9 and CL = 7, taa/trco/trrmin must be 13.125ns. SPD
setting must be programed to match.
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12 ELECTRICAL CHARACTERISTICS AND AC TIMING

12.1 Timing Parameters for DDR3L-800, DDR3L-1066, DDR3L-1333, DDR3L-1600 Speed Bins
Table 12-1. Timing Parameters by Speed Bin

Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 .
Parameter ‘ Symbol Min ‘ Max Min ‘ Max Min ‘ Max Min ‘ Max onit Note
Clock Timing
Minimum clock cycle time (DLL off mode) tekoLL_oFF) 8 ‘ - ‘ 8 ‘ - 8 ‘ - 8 ‘ - ns 6
Average clock period tekavg) See Standard Speed Bins - -
Average high pulse width teHavg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tekavg) -
Average low pulse width teLiavg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tekavg) -
Absolute clock period o | o | oo | o | Qe | o ] e | Qe ] Qe | s |-
Absolute clock high pulse width tCH(abs) 0.43 - 0.43 - 0.43 - 0.43 - tek(avg) 25
Absolute clock low pulse width teLabs) 0.43 - 0.43 - 0.43 - 0.43 - tekavg) 26
Clock period jitter Jim(pen) -100 100 -90 90 -80 80 -70 70 ps -
Clock period jitter during DLL locking period turmiper, ick) -90 90 -80 80 -70 70 -60 60 ps -
Cycle to cycle period jitter trm(co) 200 180 160 140 ps -
ggr(i:lijto cycle period jitter during DLL locking o, 00 180 160 140 120 ps )
Duty cycle jitter trm(duty) - - - - - - - - - -
Cumulative error across 2 cycles terRR(2pen) -147 147 -132 132 -118 118 -103 103 ps -
Cumulative error across 3 cycles tERR(3pen) -175 175 -157 157 -140 140 -122 122 ps -
Cumulative error across 4 cycles teRR@pen) -194 194 -175 175 -155 155 -136 136 ps -
Cumulative error across 5 cycles terR(5pen) -209 209 -188 188 -168 168 -147 147 ps -
Cumulative error across 6 cycles terRR(GPEN) -222 222 -200 200 -177 177 -155 155 ps -
Cumulative error across 7 cycles terRR(7pen) -232 232 -209 209 -186 186 -163 163 ps -
Cumulative error across 8 cycles terRR@Bpen) -241 241 -217 217 -193 193 -169 169 ps -
Cumulative error across 9 cycles terRR(@per) -249 249 -224 224 -200 200 -175 175 ps -
Cumulative error across 10 cycles terRR(10per) -257 257 -231 231 -205 205 -180 180 ps -

DS-00686-GDPOBFLM-Rev1.0 62 2024/4/18



GigaDevice DDR3L SDRAM GDPOBFLM
Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Cumulative error across 11 cycles terRR(11pen) 263 263 -237 237 -210 210 -184 184 ps -
Cumulative error across 12 cycles terRr(12per) -269 269 -242 242 -215 215 -188 188 ps -
Cumulative error across n = 13, 14 . . . 49, 50 terripenmin = ((1 + 0.68In(n)) X ty(pen)_total min)
cycles tERR(nper) terr(npenmax = ((1 + 0.68In(N)) X tuir(pen total max) - 2
P per)_
Data Timing
DQS,DQS# to DQ skew, per group, per access tbasa - 200 - 150 - 125 - 100 ps 13
DQ output hold time from DQS, DQS# tan 0.38 - 0.38 - 0.38 - 0.38 - tekavg) 13,9
DQ low impedance time from CK, CK# tizoq) -800 400 -600 300 -500 250 -450 225 ps 13,14,f
DQ high impedance time from CK, CK# tHz(oq) - 400 - 300 - 250 - 225 ps 13,14,f
1.5V
tos(base, AC175) 75 - 25 - - - - - ps d,17
Data setup time to DQS, DQS# referenced to tos(pase, ac150) 125 - 7% - 30 - 10 - ps d,17
VinacyViLac) levels 1.35V
tps(pase, AC160) 90 - 40 - - - - - ps d,17
tos(base, AC135) 140 - 90 - 45 - 25 - ps d,17
1.5V
Data hold time from DQS, DQS# referenced to | toHease, ocioo 150 - 100 - 69 - 45 - [ s [ar
VinoeyViLoc) levels 1.35V
tDH(base, DC20) 160 - 110 - 75 - 55 - ps d,17
DQ and DM Input pulse width for each input topw 600 - 490 - 400 - 360 - ps 28
Data Strobe Timing
DQS, DQS# differential READ preamble trerE 0.9 Note 19 0.9 Note 19 0.9 Note 19 0.9 Note 19 tekavg) | 13,19,9
DQS, DQS# differential READ postamble trpsT 0.3 Note 11 0.3 Note 11 0.3 Note 11 0.3 Note 11 tekavg) | 11,13,9
DQS, DQS# differential output high time tasH 0.38 - 0.38 - 0.40 - 0.40 - tekavg) 13,9
DQS, DQS# differential output low time tasL 0.38 - 0.38 - 0.40 - 0.40 - tekavg) 13,9
DQS, DQS# differential WRITE preamble twere 0.9 - 0.9 - 0.9 - 0.9 - tekavg) 1
DQS, DQS# differential WRITE postamble twpst 0.3 - 0.3 - 0.3 - 0.3 - tekavg) 1
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Not
ni ote
Parameter Symbol Min Max Min Max Min Max Min Max

DQS, DQS# rising edge output access time from ) ) } )

rising CK, CK# tbasck 400 400 300 300 255 255 225 225 ps 13,f

DQS and DQS# low-impedance time

(Referenced from RL - 1) tizoas) -800 400 -600 300 -500 250 -450 225 ps 13,14,f

DQS and DQS# high-impedance time ) ) } }

(Referenced from RL + BL/2) thzas) 400 300 250 225 ps 13,14.f

DQS and DQS# differential input low pulse width toast 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tek@vg) | 29,31

DQS and DQS# differential input high pulse width toasH 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tekavg | 30,31

DQS, DQSt# rising edge to CK, CK# rising edge toass -0.25 0.25 -0.25 0.25 -0.25 0.25 -0.27 0.27 tek(avg) c

DQS, DQS# falling edge setup time to CK, CK# foss 0.2 } 0.2 ) 0.2 ) 0.18 ) ek .32

rising edge

DQS, DQS# falling edge hold time from CK, CK# ) } _ _

rising edge tosH 0.2 0.2 0.2 0.18 tCK(avg) c,32

Command and Address Timing

DLL locking time toLik 512 - 512 - 512 - 512 - nCK -

Internal READ command to PRECHARGE t Max ) Max } Max } Max } nCK e

command delay RTP (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns)

Delay from start of internal write transaction to t Max ) Max } Max } Max } nCK 618

internal READ command WIR (4nCK, 7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) ’

WRITE recovery time twr 15 - 15 - 15 - 15 - ns e,18

Mode register set command cycle time twro 4 - 4 - 4 - 4 - nCK -

. Max Max Max Max

Mode register set command update delay twoo (12nCK, 15ns) " |12nCK,15ns) - (12nCK, 15ns) - (12nCK, 15ns) - nCK -

ACT to internal READ or WRITE delay time trep See Standard Speed Bins - e

PRE command period trp See Standard Speed Bins - e

ACT to ACT or REF command period tre See Standard Speed Bins - e

CAS# to CAS# command delay teeo 4 - 4 - 4 - 4 - nCK -
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Not
ni ote
Parameter Symbol Min Max Min Max Min Max Min Max
Auto-Precharge write recovery precharge time toALmin WR + round up (tre/tckavg) nCK -
Multi-Purpose register recovery Time tvprr 1 - 1 - 1 - 1 - nCK 22
ACTIVE to PRECHARGE command period tras See Standard Speed Bins - e
ACTIVE to ACTIVE command period for 1KB t Max } Max ) Max ) Max ) nCK e
page size RRD (4nCK,10ns) (4nCK,7.5ns) (4nCK,6ns) (4nCK,6ns)
ACTIVE to ACTIVE command period for 2KB t Max ) Max ) Max R Max R nCK e
page size RRD (4nCK,10ns) (4nCK,10ns) (4nCK,7.5ns) (4nCK,7.5ns)
Four activate window for 1KB page size teaw 40 - 37.5 - 30 - 30 - ns e
Four activate window for 2KB page size teaw 50 - 50 - 45 - 40 - ns e
1.5V
tIS(base,AC175) 200 - 125 - 65 - 45 - ps b, 16
Command and address setup time to CK, CK# listbsse.Ac150) 350 ) 275 ) 190 ) 170 ) ps |b16.27
referenced to Vinacy/ViLac) levels 1.35V
tIS(base,AC160) 215 - 140 - 80 - 60 - ps b,16
tIS(base,AC135) 365 - 290 - 205 - 185 - ps b, 1 6,27
1.5V
Command and Address hold time from CK, CK# Bitosse. DC100) 275 ) 200 ) 140 ) 120 ) ps b,16
referenced to Vinpc/ViLpc) levels 1.35V
tIH(base, DC90) 285 - 210 - 150 - 130 - ps b, 16
i(r:]c;rl]ttrol and Address input pulse width for each tow 900 } 780 } 620 B 560 B ps 28
Calibration Timing
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Not
ni ote
Parameter Symbol Min Max Min Max Min Max Min Max
Power-up and RESET calibration time tzainit 512 - 512 - 512 - 512 - nCK -
Normal operation full calibration time tzaoper 256 - 256 - 256 - 256 - nCK -
Normal operation short calibration time tzacs 64 - 64 - 64 - 64 - nCK 23
Reset Timing
Max Max Max Max
Exit Reset from CKE HIGH to a valid command txer (5nCK, trrcmin + - (5nCK, trrcmint - (5nCK, trrcmint - (5nCK, trrcmin + - nCK -
10ns) 10ns) 10ns) 10ns)
Self Refresh Timing
. . Max Max Max Max
E)glt( eSde::f)E{ffresh to commands not requiring a tys (5nCK, trecmin + - (5nCK trecmint - (5nCK  trrcmint - (5nCK trrcmin + - nCK -
10ns) 10ns) 10ns) 10ns)
Exit Self Refresh iri lock
D)Iillt_ Self Refresh to commands reqiring a locked txsoLL toLLKkmin - toLLkmin - toLLKmin - toLLkmin - nCK -
Minimum CKE low width for Seffrefresh entry to | toesn | tokemn *+ 10CK - | toemn + 1NCK . toxemn + 1NCK - | toemn + 1nCK : nck | -
g
Valid Clock Requirement after Self Refresh Entry t Max ) Max } Max } Max } nCK )
(SRE) or Power-Down Entry (PDE) CKSRE (5nCK,10ns) (5nCK,10ns) (5nCK,10ns) (5nCK,10ns)
Valid Clock Requirement before Self Refresh Exit t Max } Max ) Max ) Max ) nCK )
or Power Down Exit or Reset Exit nCK,10ns nCK,10ns nCK,10ns nCK,10ns
SRX) or P D Exit (PDX) or R Exi CKSRX 5nCK,10 5nCK,10 5nCK,10 5nCK,10
Power Down Timing
Exit Power Down with DLL on to any valid Max Max Max Max
command, Exit Precharge Power Down with DLL txp (3nCK,7.5ns) - (3nCK,7.5ns) - (3nCK,6ns) - (3nCK,6ns) - nCK -
frozen to commands not requiring a locked DLL e e ’ ’
Exit Precharge Power Down with DLL Max Max Max Max
fozen to commands requiring a locked beow (10nCK,24ns) - (10nCK,24ns) - (10nCK,24ns) - (10nCK,24ns) - nCK 2
. ] Max Max Max Max
CKE minimum pulse width foke (3nCK,7.5ns) © | (3nCK,5.625 ns) - (3nCK,5.625 ns) - (3nCK,5ns) - nCK -
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Not
ni ote
Parameter Symbol Min Max Min Max Min Max Min Max

Command pass disable delay tepoED 1 - 1 - 1 - 1 - nCK -

Power Down Entry to Exit Timing teo tekemin 9 X treri tekemin 9 X treri tokemin 9 X treri tekemin 9 X treri nCK 15

Timing of ACT command to Power Down entry tacTPDEN 1 - 1 - 1 - 1 - nCK 20

Timing of PRE or PREA command to Power

Down entry terPDEN 1 - 1 - 1 - 1 - nCK 20

;Trl;]g of RD/RDA command to Power Down troppen RL+4+1 } RL+4+1 _ RL+4+1 R RL+4 + 1 _ nCK R

Timing of WR command to Power Down entry t WL+4+ ) WL+4+ ) WL+4+ R WL+4+ R nCK 9

(BL8OTF, BLSBMRS, BC40OTF) WRPDEN (twr/tckavg) (twr/tckavg) (twr/tck(avg)) (twr/tckavg)

Timing of WRA command to Power Down entry

(BLBOTF, BL8MRS, BC4OTF) twrAPDEN WL+4+WR+1 - WL+4+WR+1 - WL+4+WR+1 - WL+ 4+ WR+1 - nCK 10

Timing of WR command to Power Down entry t WL +2+ } WL +2+ ) WL+ 2+ } WL+2+ } nCK 9

(BC4AMRS) WRPDEN (twr/tckavg)) (twr/tckavg)) (twr/tckavg) (twr/tck@vg))

(Térgm;g\;vm commandto Power Downentry |y v |WL+2+WR+1| - |WL+2+WR+1| -  |WL+2+WR+1| -  WL+2+WR+1 - nCK | 10

Timing of REF command to Power Down entry treFPDEN 1 - 1 - 1 - 1 - nCK 20,21

Tlmlng of MRS command to Power Down entry tMRSPDEN tmoDmin - tmobmin - tMoDmin - tmobmin - nCK -

ODT Timing

ODT turn on Latency ODTLon WL-2=CWL+AL-2 nCK -

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

ODT high time without WRITE command or

with WRITE command and BC4 ODTH4 4 ) 4 ) 4 ) 4 ) nCK )

ODT high time with WRITE command and BL8 ODTHS8 6 - 6 - 6 - 6 - nCK -

Asynchronous Ryt turn-on delay (Power-Down )

with DLL frozen) taonPD 2 8.5 2 8.5 2 8.5 2 8.5 ns
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 Unit Not
ni ote
Parameter Symbol Min Max Min Max Min Max Min Max

Asynchronous Ryr turn-off delay (Power-Down _

with DLL frozen) tarorPD 2 8.5 2 8.5 2 8.5 2 8.5 ns

Rrr turn-on taon -400 400 -300 300 -250 250 -225 225 ps 7, f

Rrrnom @nd Rrrwr) turn-off time from ODTL off

reference taor 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tek(avg) 8,f

Rrr dynamic change skew tanc 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tekavg) f

Write Leveling Timing

First DQS/DQS# rising edge after write leveling t 40 ) 40 } 40 _ 40 _ nCK 3

mode is programmed WLMRD

DQS/DQS# delay after write leveling mode is

programmed twipasen 25 - 25 - 25 - 25 - nCK 3

Write leveling setup time from rising CK, CK# ) } } } )

crossing to rising DQS/DQS# crossing tws 325 245 195 165 ps

Write leveling hold time from rising DQS/DQS#

crossing to rising CK, CK# crossing twir 325 ) 245 ) 195 ) 165 ) ps )

Write leveling output delay twio 0 9 0 9 0 9 0 7.5 ns -

Write leveling output error twioe 0 2 0 2 0 2 0 2 ns -
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12.2 Timing Parameters for DDR3L-1866 and DDR3L-2133 Speed Bins

Table 12-2. Timing Parameters by Speed Bin

Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter l Symbol Min ‘ Max Min | Max
Clock Timing
Minimum clock cycle time (DLL off mode) tek(oLL_oFF) 8 ‘ - 8 I - ns 6
Average clock period tekavg) See Standard Speed Bins - -
Average high pulse width tcH(avg) 0.47 0.53 0.47 0.53 tekavg) -
Average low pulse width teL(avg) 0.47 0.53 0.47 0.53 tekavg) -
Absolute clock period tekabs) +t th.(ff::'m"m +t Ct;(:;m :Ctjlf(:ge)r’"r:n thct:t‘f;”);x ps -
Absolute clock HIGH pulse width tcH(abs) 0.43 - 0.43 - tekavg) 25
Absolute clock LOW pulse width ter(abs) 0.43 - 0.43 - tekavg) 26
Clock period jitter turm(pen) -60 60 -50 50 ps -
Clock period jitter during DLL locking period turmeper, 1k -50 50 -40 40 ps -
Cycle to cycle period jitter tm(ee) 120 100 ps -
I?éﬁ:i g’;op(gi((:)lg period jitter during DLL om0 100 80 ps }
Duty cycle jitter turauty) - - - - - -
Cumulative error across 2 cycles tERR(2per) -88 88 -74 74 ps -
Cumulative error across 3 cycles tERR(3per) -105 105 -87 87 ps -
Cumulative error across 4 cycles tERR@pen) -117 117 -97 97 ps -
Cumulative error across 5 cycles tERR(Bpen -126 126 -105 105 ps -
Cumulative error across 6 cycles terR(6pen -133 133 -1 1 ps -
Cumulative error across 7 cycles tERR(7pen) -139 139 -116 116 ps -
Cumulative error across 8 cycles tERR(@pen) -145 145 -121 121 ps -
Cumulative error across 9 cycles tErR(@pen) -150 150 -125 125 ps -
Cumulative error across 10 cycles terRR(10per) -154 154 -128 128 ps -
Cumulative error across 11 cycles tERR(11pen) -158 158 -132 132 ps -
Cumulative error across 12 cycles terRR(12per) -161 161 -134 134 ps -
ggmulative error across N = 13, 14 . .. 49, termopen tErR(penmin i ((1 +0.68In(n)) * tym(per)_total min) ps 24
cycles terr(npenmax = ((1 + 0.68In(N)) X tuir(pen)_total max)
Data Timing
aD(S:i,SZQS# to DQ skew, per group, per tasa ) 85 ) 75 ps 13
DQ output hold time from DQS, DQS# tan 0.38 - 0.38 - tekavg) 13,9
DQ low impedance time from CK, CK# tiz (oq) -390 195 -360 180 ps 13,14 ,f
DQ high impedance time from CK, CK# thz (0q) - 195 - 180 ps 13,14,f
1.5V
. tps(pase, AC150) - - - - ps d,17
aa\t/?H(SAi:/LizL:::)el} et\(l)eIIDSQS, DQS# referenced tos(base, ACIE5) 68 _ 53 _ ps 417
1.35V
tps(base, AC130) ‘ 70 ‘ - ‘ 55 ‘ - ‘ ps | d,17
1.5V
Data hold time from DQS, DQS# referenced | toHiwase, oc100) ‘ - ‘ - ‘ : ‘ - ‘ ps | d,17
to Vinacy Vi) levels 1.35V
tDH(base, DCOO) ‘ 75 ‘ - ‘ 60 ‘ - ‘ ps | d,17
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter Symbol Min Max Min Max
DQ and DM Input pulse width for each input toipw 320 - 280 - ps 28
Data Strobe Timing
DQS, DQS# differential READ preamble trrrE 0.9 Note 19 0.9 Note 19 tekavg | 13,19,9
DQS, DQS# differential READ postamble tresT 0.3 Note 11 0.3 Note 11 tekavg | 11,13,9
DQS, DQS# differential output high time tasH 0.4 - 0.38 - tekavg) 13,9
DQS, DQS# differential output low time tast 0.4 - 0.38 - tekavg) 13,9
DQS, DQS# differential WRITE preamble twere 0.9 - 0.9 - tekavg) 1
DQS, DQS# differential WRITE postamble twest 0.3 - 0.3 - tekavg) 1
DQS, DQS# rising edge output access time
from rising CK, CK# toasck -195 195 -180 180 ps 13,f
DQS and DQS# low-impedance time
(Referenced from RL - 1) tLZ(DQS) -390 195 -360 180 ps 13,14,f
DQS and DQS# high-impedance time ) )
(Referenced from RL + BL/2) thzpas) 195 180 ps 13,14
\?w?jtsh and DQS# differential input low pulse toast 0.45 0.55 045 055 texvg 29,31
\?Vl(cgjtsh and DQS# differential input high pulse toasn 0.45 0.55 0.45 0.55 tekave 30,31
eD(?gSe’ DQSH# rising edge to CK, CK# rising toass 027 027 027 027 toxevg c
DQS, DQS# falling edge setup time to CK, ) )
CK# rising edge toss 0.18 0.18 tokag | €32
DQS, DQS# falling edge hold time from CK, ) _
CKi# rising edge tosn 0.18 0.18 tekag | €32
Command and Address Timing
DLL locking time oLk 512 - 512 - nCK -
Internal READ command to t Max ) Max ) nCK e
PRECHARGE command delay RTP (4nCK,7.5ns) (4nCK,7.5ns)
Delay from start of internal WRITE t Max } Max } nCK e 18
transaction to internal READ command WIR (4nCK,7.5ns) (4nCK,7.5ns) ’
Write recovery time twr 15 - 15 - ns e,18
i\i/ln(])eDE REGISTER SET command cycle turo 4 } 4 } nCK )
MODE REGISTER SET command update t Max ) Max _ nCK )
delay MoD (12nCK,15ns) (12nCK,15ns)
ACT to internal READ or WRITE delay time trep See Standard Speed Bins - e
PRE command period tre See Standard Speed Bins - e
ACT to ACT or REF command period trc See Standard Speed Bins - e
CAS# to CAS# command delay teen 4 ‘ - ‘ 4 ‘ - nCK -
errj]t:—precharge write recovery precharge foALmn WR + roundup (tee / texavy) nCK )
Multi-Purpose register recovery time tmerr 1 ‘ - ‘ 1 ‘ - nCK 22
ACTIVE to PRECHARGE command period tras See Standard Speed Bins - e
ACTIVE to ACTIVE command period for t Max } Max B nCK e
1KB page size RRD (4nCK,5.0ns) (4nCK,5.0ns)
ACTIVE to ACTIVE command period for t Max ) Max B nCK e
2KB page siz RRD (4nCK,6.0ns) (4nCK,6.0ns)
Four activate window for 1KB page size teaw 27 - 25 - ns e
Four activate window for 2KB page size traw 35 - 35 - ns e
1.5V
Command and address setup time to CK, tis(base, AC150) - - - - ps b,16
CK# referenced to Viyacy/Viuac) levels tis(oase, AC125) 150 - 135 - ps b,16,27
1.35V
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter Symbol Min Max Min Max
tis(base, Ac135) 65 - 60 - ps b,16
tis(base, Ac125) 150 - 135 - ps b,16,27
1.5V
Command and Address hold time from CK, Uni(oase, DC100) 100 - 9 - ‘ ps | b,16
CK# referenced to Vinpc)/ViLpc) levels 1.35V
tiH(base, DC90) 110 - 95 - ps b,16
Contrpl and address Input pulse width for tow 535 ) 470 _ ps o8
each input
Calibration Timing
Power-up and Reset calibration time tzainit 512 - 512 - nCK -
Normal operation Full calibration time tzqoper 256 - 256 - nCK -
Normal operation short calibration time tzacs 64 - 64 - nCK 23
Reset Timing
Exit Reset from CKE High to a valid . (5nC},¥|taX o ) (5nc+'¥I?X 1 oK )
Command XPR s LRFCmin s (RFCmin
10ns) 10ns)
Self Refresh Timing
. Max Max
Exit Self Refresh to commands not
requiring a locked DLL txs (5nCK trrcmin + - (5nCK  trromin + - nCK -
10ns) 10ns)
Exit Self Refresh to commands requiring a t tor ik ) tor i _ nCK )
Iocked DLL -XSDLL DLLKmin DLLKmin
Minimum CKE low width for Self refresh
entry to exit timing toxesr tekemin + TNCK - tekemin + TNCK - nCK -
Valid Clock Requirement after Self Refresh t Max } Max } nCK )
Entry (SRE) or Power-Down Entry (PDE) CKSRE (5nCK,10ns) (5nCK,10ns)
Valid Clock Requirement before Self Max Max
Refresh Exit (SRX) or Power-Down Exit teksrx - - nCK -
(PDX) or Reset Exit (5nCK,10ns) (5nCK,10ns)
Power Down Timing
Exit Power Down with DLL on to any valid
command, Exit Precharge Power Down t Max } Max B nCK }
with DLL frozen to commands not requiring xP (3nCK,6ns) (3nCK,6ns)
a locked DLL
Exit Precharge Power Down with DLL Max Max
frozen to commands requiring a locked txpoLL (10nCK,24ns) - (10nCK,24ns) - nCK 2
DLL ’ ’
CKE minimum pulse width teke (SnACA:;XSns) - (Sné\lﬂl?);ns) - nCK -
Command pass disable delay tcpoen 2 - 2 - nCK -
Power Down Entry to Exit Timing tro tekemin 9 X trer tekEmin 9 X trer nCK 15
:nng of ACT command to Power Down op— 1 } 2 B nCK 20
ry
Timing of PRE or PREA command to Power|
Down entry terPDEN 1 - 2 - nCK 20
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter Symbol Min Max Min Max

'S?V\llrrl]gecr)]ftED/RDA command to Power — RL+4+ 1 _ RL +4 + 1 _ nCK .
Timing of WR command to Power Down WL +4 + WL +4 +

twrPDEN - - nCK 9
entry (BLBOTF, BLBMRS, BC4OTF) (tWR/tCK(avg)) (tWR/tCK(avg))
Timing of WRA command to Power Down t WL+4+WR+ } WL +4+WR+ _ nCK 10
entry (BL8OTF, BLBMRS, BC40TF) WRAPDEN 1 1
Timing of WR command to Power Down t WL+ 2+ ) WL+2+ _ nCK 9
entry (BC4MRS) WRPDEN (twr/tckavg)) (twr/tck(avg))
Timing of WRA command to Power Down t WL+2+WR+ ) WL +2+WR+ R nCK 10
entry (BC4MRS) WRAPDEN 1 1
;Trl;g of REF command to Power Down N 1 ) 9 R nCK 20.21s
Timing of MRS command to Power Down
entry tmrsPDEN tvopmin - tvopmin - - -

ODT Timing
ODT turn on Latency ODTLon WL-2=CWL+AL-2 nCK -
ODT turn off Latency ODTLoff WL-2=CWL+AL-2 nCK -
ODT high time without WRITE command or
with WRITE command and BC4 ODTH4 4 ) 4 ) nCK )
gE)sT high time with WRITE command and ODTHS 6 } 6 _ nCK }
Asynchronous Ryt turn-on delay (Power-
Down with DLL frozen) taone 2 8.5 2 8.5 ns -
Asynchronous Ryt turn-off delay (Power-
Down with DLL frozen) taorro 2 8.5 2 8.5 ns )
Ryt turn-on taon -195 195 -180 180 ps 7, f
SfFrNeofg rizr:i eRmWR) turn-off time from ODTL taor 03 07 03 07 oo 8.
RTT dynamic Change skew tADC 0.3 0.7 0.3 0.7 tCK(avg) f
Write Leveling Timing
Flrst_DQS/DQS_# rising edge after write —— 40 ) 40 ) nCK 3
leveling mode is programmed
DQS/DQS# delay after write leveling mode } _
is programmed twipasen 25 25 nCK 3
Write leveling setup time from rising CK, ) ) )
CKG# crossing to rising DQS/DQSH# crossing twis 140 125 ps
Write leveling hold time from rising
DQS/DQS# crossing to rising CK, CK# twn 140 - 125 - ps -
Write leveling output delay twio 0 7.5 0 7.5 ns -
Write leveling output error twioe 0 2 0 2 ns -
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12.3 Jitter Notes
Note:
a. Unit ‘tckavg) represents the actual tckavg) Of the input clock under operation. Unit ‘nCK’ represents one clock cycle of the input

clock, counting the actual clock edges.ex tMRD = 4 [nCK] means, if one MODE REGISTER SET command is registered at
Tm, another MODE REGISTER SET command may be registered at Tm + 4, even if (Tm + 4 - Tm) is 4 X tck(vg) + tERR(@per)min.
These parameters are measured from a command/address signal (CKE, CS#, RAS#, CAS#, WE#, ODT, BAO, A0, A1, etc.)
transition edge to its respective clock signal (CK/CK#) crossing. The spec values are not affected by the amount of clock jitter
applied (i.e. tur(per), tutcc), etc.), as the setup and hold are relative to the clock signal crossing that latches the
command/address. That is, these parameters should be met whether clock jitter is present or not.

These parameters are measured from a data strobe signal (DQS(L/U), DQS(L/U)#) crossing to its respective clock signal
(CK, CK#) crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tur(pen), tim(cc), €tc.), as these
are relative to the clock signal crossing. That is, these parameters should be met whether clock jitter is present or not.
These parameters are measured from a data signal (DM(L/U), DQ(L/U)0, DQ(L/U)1, etc.) transition edge to its respective
data strobe signal (DQS(L/U), DQS(L/U) #) crossing.

For these parameters, the DDR3 SDRAM device supports tnparam [NCK] = RU {traram [ns]/tckavg) [NS]}, which is in clock cycles,
assuming all input clock jitter specifications are satisfied. For example, the device will support thrp = RU {tre/tck(avg)}, which is
in clock cycles, if all input clock jitter specifications are met. This means: For DDR3L/DDR3-800 6-6-6, of which trp = 15ns,
the device will support thre = RU {tre/tckavg)} = 6, as long as the input clock jitter specifications are met, i.e. PRECHARGE
command at Tm and ACTIVE command at Tm+6 is valid even if (Tm + 6 - Tm) is less than 15ns due to input clock jitter.
When the device is operated with input clock jitter, this parameter needs to be derated by the actual terrmper), act of the input
clock, where 2 <m < 12. (output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR3L/DDR3-800 SDRAM has terr(mper),actmin = - 172ps and terr(mper)actmax = +
193ps, then tbasck,min(derated) = tpasck,min = tERR(mper),actmax = - 400ps - 193ps = - 593ps and tpasck max(derated) = tbasckmax -
teRR(mper),actmin = 400ps + 172ps = + 572ps. Similarly, tL.zpa) for DDR3L-800 derates to tLz(pq)min(derated) = - 800ps - 193ps = -
993ps and tLz(pq)max(derated) = 400ps + 172ps = + 572ps. (Caution on the min/max usage).

Note that terr(mper)actmin is the minimum measured value of terrnper) Where 2 < n < 12, and terr(mper),actmax i the maximum
measured value of terrnper) Where 2 < n < 12.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual turper), act of the input
clock. (output deratings are relative to the SDRAM input clock) For example, if the measured jitter into a DDR3L/DDR3-800
SDRAM has tckavg),act = 2500ps, tuit(pen),actmin = - 72ps and tumper)actmax = + 93ps, then trRePRE min(derated) = tRPRE,min + tuIT(per),actmin
= 0.9 X tckavg)act + tuim(per)actmin = 0.9 x 2500ps - 72ps = + 2178ps. Similarly, taH,min(derated) = taHmin + tuT(pen,actmin = 0.38 X

tek(avg).act + tuit(pen),actmin = 0.38 x 2500ps - 72ps = + 878ps. (Caution onthe min/max usage.)
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12.4 Timing Parameter Notes
Note:

1.

© ©® N o o R~ DN

=
[ENS)

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.

22.
23.

Actual value dependant upon measurement level definitions. See “Method for calculating twere transitions and endpoints”
and “Method for calculating twest transitions and endpoints”.

Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.

The max values are system dependent.

WR as programmed in mode register.

Value must be rounded-up to next higher integer value.

There is no maximum cycle time limit besides the need to satisfy the refresh interval, treri.

For definition of Rt turn-on time taon.

For definition of Ryt turn-off time taor.

twr is defined in ns, for calculation of twrepen it is necessary to round up twr/tck to the next integer.

. WRin clock cycles as programmed in MRO.

. The maximum READ postamble is bound by tbasckmin plus tasHmin on the left side and tHzpas)max on the right side. See “Clock

to data strobe relationship”.

Output timing deratings are relative to the SDRAM input clock. When the device is operated with input clock jitter, this
parameter needs to be derated by t.b.d.

Value is only valid for Ronaa.

Single-ended signal parameter.

trer1 depends on Torer.

tisase) and tiHpase) values are for 1V/ns CMD/ADD single-ended slew rate and 2V/ns CK, CK# differential slew rate. Note for
DQ and DM signals, Vrer(pc) = Vrerpa(pc). For input only pins except RESET#, Vrer(oc) = Vrercapc). See “Address/ Command
Setup, Hold and Derating” in Section 12.5.

tbs(pase) and tpr(pase) Values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, DQS# differential slew rate. Note for DQ
and DM signals, Vreroc) = Vrerpa(pc). For input only pins except RESET#, Vrerpoc) = Vrercapc). See “Data Setup, Hold and
Slew Rate Derating” in Section 12.6.

Start of internal write transaction is defined as follows:

For BL8 (fixed by MRS and on-the-fly): Rising clock edge 4 clock cycles after WL.

For BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL.

For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.

The maximum READ preamble is bound by tizpas)min On the left side and tbasckmax on the right side.

CKE is allowed to be registered LOW while operations such as row activation, precharge, auto-precharge or refresh are in
progress, but power-down Ipp spec will not be applied until finishing those operations.

Although CKE is allowed to be registered LOW after a REFRESH command once trerrpenmin is satisfied, there are cases
where additional time such as txpoLLmin is also required.

Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

One ZQCS command can effectively correct a minimum of 0.5% (ZQ Correction) of Ron and Rrr impedance error within 64
nCK for all speed bins assuming the maximum sensitivities specified in the ‘Output Driver Voltage and Temperature Sensitivity’
and ‘ODT Voltage and Temperature Sensitivity’ tables. 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:

ZQCorrection
(TSensxTdriftrate)+(VSensxVdriftrate)
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24.

25.

26.

27.

28.

29.

30.

31.
32.

where TSens = max (dRtrdT, dRondTM) and VSens = max (dRtrdV, 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 = 15mV/sec, then the interval
between ZQCS commands is calculated as:

0.5

5Ty +015%7) 0 133~ 128ms

n = from 13 cycles to 50 cycles. This row defines 38 parameters.

tcH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.
tcL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.
The tisepase, Ac150) specifications are adjusted from the tisipase) specification by adding an additional 100 ps of derating to
accommodate for the lower alternate threshold of 150mV and another 25ps to account for the earlier reference point [(175
mv - 150mV)/1V/ns].

Pulse width of an input signal is defined as the width between the first crossing of Vrer(pc) and the consecutive crossing of
VREF(DC).

toasL describes the instantaneous differential input low pulse width on DQS - DQS#, as measured from one falling edge to
the next consecutive rising edge.

toasH describes the instantaneous differential input high pulse width on DQS - DQS#, as measured from one rising edge to
the next consecutive falling edge.

tbasH, act * tbasL, act = 1tck, act With txyz, act being the actual measured value of the respective timing parameter in the application.

tosH, act + tDss, act = 1tck, act With txyz, act being the actual measured value of the respective timing parameter in the application.
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12.5 Address/Command Setup, Hold and Derating

For all input signals the total tis (setup time) and ti (hold time) required is calculated by adding the datasheet tispase) and tiH(pase)
value (see Table 12-3) to the Atis and Atin derating value (see Table 12-5) respectively.

Example: tis (total setup time) = tis(base) + Alis.

Setup (tis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer(pc) and the first crossing
of ViHacmin. Setup (tis) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrer(pc) and
the first crossing of ViLac)max. If the actual signal is always earlier than the nominal slew rate line between shaded ‘Vrer(pc) to AC
region’, use nominal slew rate for derating value (see Figure 12-1). If the actual signal is later than the nominal slew rate line
anywhere between shaded ‘Vrer(oc) to AC region’, the slew rate of a tangent line to the actual signal from the AC level to Vrer(pc)
level is used for derating value (see Figure 12-3).

Hold (ti1) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLioc)max and the first crossing
of Vrer(pc). Hold (tiv) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vinocmin and
the first crossing of Vrerc). If the actual signal is always later than the nominal slew rate line between shaded ‘DC to Vrer(pc)
region’, use nominal slew rate for derating value (see Figure 12-2). If the actual signal is earlier than the nominal slew rate line
anywhere between shaded ‘DC to Vrer(pc) region’, the slew rate of a tangent line to the actual signal from the DC level to Vrer(pc)
level is used for derating value (see Figure 12-3).

For a valid transition the input signal has to remain above/below ViHiLac) for some time tvac (see Table 12-12). Although for slow
slew rates the total setup time might be negative (i.e. a valid input signal will not have reached VniLac) at the time of the rising
clock transition), a valid input signal is still required to complete the transition and reach ViniLac). For slew rates in between the
values listed in Table 12-5, the derating values may obtain by linear interpolation. These values are typically not subject to

production test. They are verified by design and characterization.

Table 12-3. ADD/CMD Setup and Hold Base-Values for 1V/ns (1.35V)

Symbol Reference | DDR3L-800 DDR3L-1066 DDR3L-1333DDR3L-1600DDR3L-1866|DDR3L-2133| Unit
tis(base, AC160) VIH/L(AC) 215 140 80 60 - - ps
tis(base, AC135) VIH/L(AC) 365 290 205 185 65 60 ps
tis(base, AC125) VIHIL(AC) - - - - 150 135 ps
tiH(base, DC0) ViH/L(DC) 285 210 150 130 110 105 ps

Note:

1. AC/DC referenced for 1V/ns Address/Command slew rate and 2V/ns differential CK-CK# slew rate.

2. The tispase, Ac135) specifications are adjusted from the tispase, Ac160) specification by adding an additional 125ps for DDR3L-
800/1066 or 100ps for DDR3L-1333/1600 of derating to accommodate for the lower alternate threshold of 135mV and another
25ps to account for the earlier reference point [(160mV - 135mV)/1V/ns].

3. The tispase, Ac125) specifications are adjusted from the tispase, Ac135) specification by adding an additional 75ps for DDR3L-1866
and 65ps for DDR3L-2133 to accommodate for the lower alternate threshold of 125mV and another 10ps to account for the

earlier reference point [(135mV - 125mV)/1V/ns].
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Table 12-4. ADD/CMD Setup and Hold Base-Values for 1V/ns (1.5V)

Symbol Reference | DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 | DDR3-1866 | DDR3-2133 | Unit
tis(oase, AC175) VIH/L(AC) 200 125 65 45 - - ps
tis(base, AC150) VIH/L(AC) 350 275 190 170 - - ps
tis(base, AC135) VIHL(AC) - - - - 65 60 ps
tis(oase, AC125) VIHIL(AC) - - - - 150 135 ps
tiH(base, DC100) ViHL(pe) 275 200 140 120 100 95 ps

Note:

1. AC/DC referenced for 1V/ns Address/Command slew rate and 2V/ns differential CK - CK# slew rate.

2. The tispase, Ac135) specifications are adjusted from the tispase, Ac160) specification by adding an additional 125ps for DDR3L-
800/1066 or 100ps for DDR3L-1333/1600 of derating to accommodate for the lower alternate threshold of 135mV and another
25ps to account for the earlier reference point [(160mV - 135mV)/1V/ns].

3. The tispase, Ac125) specifications are adjusted from the tispase, Ac135) specification by adding an additional 75ps for DDR3L-1866
and 65ps for DDR3L-2133 to accommodate for the lower alternate threshold of 125mV and another 10ps to account for the
earlier reference point [(135mV - 125mV)/1V/ns].

Table 12-5. Derating value DDR3L-800/1066/1333/1600 tis/tih — AC/DC based AC160 Threshold (1.35V)
Atis, Atin derating in [ps] AC/DC based
AC160 Threshold -> Vinc) = Vrerpc) + 160mV, Viac) = VRrer(pc) - 160mV
CK, CK# Differential Slew Rate

4.0Vins 3.0Vins 2.0Vins 1.8V/ns 1.6V/ns 1.4Vins 1.2V/ns 1.0V/ns
Atis | Atn | Atis | Atn | Atis | At | Atis | At | Atis | Atn | Atis | Atin | Atis | Atn | Atis | At

2.0 80 | 45 | 80 | 45 | 80 | 45 | 88 | 53 | 96 | 61 | 104 | 69 | 112 | 79 | 120 | 95

1.5 53 | 30 | 53 | 30 | 53 | 30 | 61 | 38 | 69 | 46 | 77 | 54 | 85 | 64 | 93 | 80

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDJ/ADD 0.9 -1 -3 -1 -3 -1 -3 7 5 15 | 13 | 23 | 21 | 31 | 31 | 39 | 47
SlewRate | 08 | 3 | 8 | -3 | 8 | -3 | -8 | 5 1 [ 13| 9 |21 | 17 | 29 | 27 | 37 | 43
vins 0.7 5 |13 -5 |-13| -5 | 13| 3 -5 1 3 19 | 11 27 | 21 | 35 | 37
0.6 8 |-20| 8 |-20| 8 |-20| 0 |-12| 8 -4 16 4 24 | 14 | 32 | 30

05 |20 | -30|-20|-30 | -20 | -30 | 12 | 22 | -4 | 14| 4 -6 12 4 20 | 20

04 | 40 | 45 | 40 | 45| 40 | 45 | -32 | -37 | 24 | -29 | 16 | -21 | -8 | -11 0 5
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Table 12-6. Derating value DDR3L-800/1066/1333/1600 tis/tihr — AC/DC based Alternate AC135 Threshold (1.35V)

Atis, Atin derating in [ps] AC/DC based
Alternate AC135 Threshold ->Vinac) = Vrerpc) + 135mV, ViLac) = Vrerpe) - 135mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atis | Atn | Atis | At | Atis | At | Atis | At | Atis | At | Atis | Atin | Atis | Atn | Atis | At

20 | 68 | 45 | 68 | 45 | 68 | 45 | 76 | 53 | 84 | 61 | 92 | 69 | 100 | 79 | 108 | 95

15 | 45 | 30 | 45 | 30 | 45 | 30 | 53 | 38 | 61 | 46 | 69 | 54 | 77 | 64 | 85 | 80

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDJ/ADD 0.9 2 -3 2 -3 2 -3 10 5 18 | 13 | 26 | 21 | 34 | 31 | 42 | 47
Slew Rate 08 | 3 | 8| 3| -81] 3| -8]/11 1 19 | 9 | 27 | 17 | 35 | 27 | 43 | 43
Vins 0.7 6 |-13| 6 |-13| 6 |-13 | 14 | -5 | 22 3 30 | 11 38 | 21 | 46 | 37
0.6 9 |20 9 | 20| 9 |20 | 17 |12 | 25 | -4 | 33 4 41 14 | 49 | 30

0.5 5 |-30| 5 |-30| 5 |-30| 13 |22 | 21 |-14 | 29 | -6 | 37 4 45 | 20

0.4 -3 |45| -3 | 45| 3 | 45| 6 |-37 | 14 |-29 | 22 | 21| 30 | -11 | 38 5

Table 12-7. Derating value DDR3L-1866/2133 tis/tiht — AC/DC based Alternate AC125 Threshold (1.35V)

Atis, At derating in [ps] AC/DC based
Alternate AC125 Threshold -> Vinac) = Vrerpc) + 125mV, ViLac) = Vrerpc) - 125mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atis | At | Atis | Atn | Atis | At | Atis | Atin | Atis | Atin | Atis | At | Atis | Atn | Atis | At

20 | 63 | 45 | 63 | 45 | 63 | 45 | 71 | B3 | 79 | 61 | 87 | 69 | 95 | 79 | 103 | 95

15 | 42 | 30 | 42 | 30 | 42 | 30 | 50 | 38 | 58 | 46 | 66 | 54 | 74 | 64 | 82 | 80

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDJ/ADD 0.9 3 -3 3 -3 3 -3 1 5 19 | 13 | 27 | 21 | 35 | 31 | 43 | 47
SlewRate | 08 | 6 | -8 | 6 | -8 | 6 | -8 |14 | 1 | 22| 9 | 30 | 17 | 38 | 27 | 46 | 43
vins 0.7 10| -13| 10 | 13| 10 | 13| 18 | -5 | 26 3 34 | 11 | 42 | 21 | 50 | 37
0.6 16 | 20 | 16 | -20 | 16 | 20 | 24 | 12 | 32 | -4 | 40 4 48 | 14 | 56 | 30

0.5 %5 | -30 | 15 | -30 | 15 | -30 | 23 | -22 | 31 | -14 | 39 | -6 | 47 4 55 | 20

0.4 13 | 45| 13 | 45| 13 | 45 | 21 | -37 | 29 | 29 | 37 | 21 | 45 | -11 | 53 5
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Table 12-8. Derating value DDR3-800/1066/1333/1600 tis/tn — AC/DC based AC175 Threshold (1.5V)

Atis, Atin derating in [ps] AC/DC based
AC175 Threshold -> Vinac) = VRerpc) + 175mV, ViLac) = Vrerpc) - 175mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0Vins 2.0V/ns 1.8V/ns 1.6V/ns 1.4Vins 1.2Vins 1.0Vins

Atis | Atn | Atis | Atin | Atis | Atin | Atis | Atin | Atis | Atin | Atis | Atin | Atis | Atin | Atis | AtiH
2.0 88 50 88 50 88 50 96 58 | 104 | 66 | 112 | 74 | 120 | 84 | 128 | 100
1.5 59 34 59 34 59 34 67 42 75 50 83 58 91 68 99 84

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDI/ADD 09 | 2| 4| 2|4 |2 )|-4)| 6| 4 |14 |12 | 22|20 | 30| 30| 38 | 46
Slew Rate 08 | 6 |-10| 6 |-10| 6 |-10| 2 | 2 |10 | 6 | 18 | 14 | 26 | 24 | 34 | 40

vins 07 | -1 |-16|-11|-16|-11|-16| -3 | -8 | 5 0 [ 13| 8 | 21 | 18 | 29 | 34
06 |17 |26 |-17 | 26|17 |-26| -9 |18 | -1 |10 | 7 | 2 | 15| 8 | 23 | 24
05 |-35| 40 | -35|-40 | -35|-40 |27 | 32|19 |24 |-11|-16| 2 | 6 | 5 | 10

04 | 62| -60 | -62 | -60 | 62 | -60 | -54 | -52 | -46 | -44 | -38 | -36 | -30 | -26 | -22 | -10

Table 12-9. Derating value DDR3-800/1066/1333/1600 tis/tm — AC/DC based AC150 Threshold (1.5V)

Atis, At derating in [ps] AC/DC based
Alternate AC150 Threshold -> Vinac) = Vrerpc) + 150mV, Viac) = Vrer(pc) - 150mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0Vins 2.0V/ns 1.8V/ns 1.6V/ns 1.4Vins 1.2Vins 1.0Vins

Atis | Atn | Atis | Atn | Atis | Atin | Atis | At | Atis | At | Atis | Atn | Atis | Atin | Atis | At
2.0 75 | 50 | 75 | 50 | 75 | 50 | 83 | 58 | 91 | 66 | 99 | 74 | 107 | 84 | 115 | 100
1.5 50 | 34 | 50 | 34 | 50 | 34 | 58 | 42 | 66 | 50 | 74 | 58 | 82 | 68 | 90 | 84

1.0 0 0 0 0 0 0

8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMD/ADD 0.9 0 -4 0 -4 0 -4 4 16 | 12 | 24 | 20 | 32 | 30 | 40 | 46

8
8
Slew Rate 08 | 0 |-10| 0 |-10] O |-10| 8 | 2 |16 | 6 | 24 | 14 | 32 | 24 | 40 | 40
8
7

Vins

0.7 O |-16| 0 |-16| 0 | -16 -8 | 16 0 24 8 32 | 18 | 40 | 34
0.6 -1 |-26| -1 |-26]| -1 |-26 -18 | 15 | -10 | 23 | -2 | 31 8 39 | 24
05 |10 | 40| -10|-40|-10| 40| 2 |-32| 6 |24 |14 |16 | 22| -6 | 30 | 10
04 |-25| 60| -25| 60| -25| 60 |-17|-52| -9 | 44| 1 |-36| 7 |-26| 15 | -10
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Table 12-10. Derating value DDR3-1866/2133 tis/tin — AC/DC based AC135 Threshold (1.5V)

Atis, Atin derating in [ps] AC/DC based
Alternate AC135 Threshold -> Vinac) = Vrerpc) + 135mV, ViLac) = Vrerpe) - 135mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atis | Atn | Atis | At | Atis | At | Atis | At | Atis | At | Atis | Atin | Atis | Atn | Atis | At
20 | 68 | 50 | 68 | 50 | 68 | 50 | 76 | 58 | 84 | 66 | 92 | 74 | 100 | 84 | 108 | 100

15 | 45 | 34 | 45 | 34 | 45 | 34 | 53 | 42 | 61 | 50 | 69 | 58 | 77 | 68 | 85 | 84

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDJ/ADD 0.9 2 -4 2 -4 2 -4 10 4 18 | 12 | 26 | 20 | 34 | 30 | 42 | 46
SlewRate | 08 | 3 |10 | 3 |10 | 3 |-10| 11 | 2 | 19 | 6 | 27 | 14 | 35 | 24 | 43 | 40
Vins 0.7 6 |-16| 6 |-16| 6 |-16 | 14 | -8 | 22 0 30 8 38 | 18 | 46 | 34
0.6 9 |-26| 9 |-26| 9 |-26| 17 |-18 | 25 |-10 | 33 | -2 | #M 8 49 | 24

0.5 5 | 40| 5 | 40| 5 |40 | 13 | -32 | 21 | -24 | 29 |16 | 37 | 6 | 45 | 10

0.4 -3 |60 3 |60 -3 |-60| 6 |-52| 14 |-44 | 22 |-36| 30 |-26| 38 | -10

Table 12-11. Derating value DDR3-1866/2133 tis/t — AC/DC based AC125 Threshold (1.5V)
Atis, At derating in [ps] AC/DC based
Alternate AC125 Threshold -> Vinac) = Vrerpc) + 125mV, ViLac) = VRrerpc) - 125mV
CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins

Atls | At | Atis | Atin | Atis | At | Atis | At | Atis | Atn | Atis | At | Atis | At | Atis | At
20 | 63 | 50 | 63 | 50 | 63 | 50 | 71 | 58 | 79 | 66 | 87 | 74 | 95 | 84 | 103 | 100

15 | 42 | 34 | 42 | 34 | 42 | 34 | 50 | 42 | 58 | 50 | 66 | 58 | 74 | 68 | 82 | 84

1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50

CMDJ/ADD 0.9 4 -4 4 -4 4 -4 12 4 20 | 12 | 28 | 20 | 36 | 30 | 44 | 46
SlewRate | 08 | 6 (10| 6 |-10| 6 |-10 | 14 | -2 | 22 | 6 | 30 | 14 | 38 | 24 | 46 | 40
vins 0.7 "1 |-16| 11 |16 11 | -16 | 19 | -8 | 27 0 35 8 43 | 18 | 51 | 34
0.6 16 | 26 | 16 | -26 | 16 | -26 | 24 | -18 | 32 | -10 | 40 | -2 | 48 8 56 | 24

0.5 15 | 40 | 15 | 40 | 15 | 40 | 23 | -32 | 31 | -24 | 39 | 16 | 47 | 6 | 55 | 10

0.4 13 |60 | 13 | -60 | 13 | -60 | 21 | -52 | 29 | 44 | 37 | -36 | 45 | -26 | 53 | -10
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Table 12-12. Required minimum time tvac above Vinac) {below Vi ac)} for valid ADD/CMD transition (1.35V)

DDR3 DDR3L
Slew Rate [V/ns] 800/1066/1333/1600 1866/2133 800/1066/1333/1600 1866/2133
175mV 150mV 135mV 125mV 160mV 135mV 135mV 125mV

[ps] [ps] [ps] [ps] [ps] [ps] [ps] [ps]
>2.0 75 175 168 173 200 213 200 205
2.0 57 170 168 173 200 213 200 205
1.5 50 167 145 152 173 190 178 184
1.0 38 130 100 110 120 145 133 143
0.9 34 113 85 96 102 130 118 129
0.8 29 93 66 79 80 111 99 111
0.7 22 66 42 56 51 87 75 89
0.6 Note 30 10 27 13 55 43 59
0.5 Note Note Note Note Note 10 Note 18
<0.5 Note Note Note Note Note 10 Note 18

Note:

1. Rising input signal shall become equal to or greater than Vinc) level and falling input signal shall become equal to or less

than Viuac) level.
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slew rate

ViHoc)min

VRer(o)

Nominal
slew rate
VIL(DC)max ————————————————————————————————————————

VIL(AC)max

ATF ATR

VReF@e)-ViL(ac)max

Setup Slew Rate Falling Signal= ATE

ViH(ae)min-VREF (dc)

Setup Slew Rate Rising Signal= ATR

Figure 12-1. lllustration of nominal slew rate and tvac for setup time tis (for ADD/CMD with respect to clock)
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CK
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VREF(do)-VIL(de)max

Hold Slew Rate Rising Signal= ATR

ViH(de)min-VREF(de)

Hold Slew Rate Falling Signal= ATE

Figure 12-2. lllustration of nominal slew rate for hold time ti1 (for ADD/CMD with respect to clock)
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Vboo
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tangent line[VIH(ac)min_VREF(dC)]
ATR

Setup Slew Rate Rising Signal=

tangent line[V e 4o ~ViL acymax]

Setup Slew Rate Falling Signal= ATF

Figure 12-3. lllustration of tangent line for setup time tis (for ADD/CMD with respect to clock)
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Figure 12-4. lllustration of tangent line for hold time tix (for ADD/CMD with respect to clock)
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12.6 Data Setup, Hold and Slew Rate Derating

For all input signals the total tps (setup time) and toH (nhoid time) required is calculated by adding the data sheet tpbs(ase) and toHpase) values
to the Atps and Aton derating value respectively.

Example: tps (total setup time) = tDS(base) + Atps.

Setup (tbs) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the first
crossing of Vinac)min. Setup (tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
VRrer(pc) and the first crossing of ViLacymax (see Figure 12-5). If the actual signal is always earlier than the nominal slew rate line
between shaded ‘Vrer(pc) to AC region’, use nominal slew rate for derating value. If the actual signal is later than the nominal slew
rate line anywhere between shaded ‘Vrer(oc) to AC region’, the slew rate of a tangent line to the actual signal from the AC level to
DC level is used for derating value (see Figure 12-7).

Hold (ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpcymax and the first
crossing of Vrer(oc). Hold (tor) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vinoc)min
and the first crossing of Vrerpc) (see Figure 12-6). If the actual signal is always later than the nominal slew rate line between
shaded ‘DC level to Vrer(pc) region’, use nominal slew rate for derating value. If the actual signal is earlier than the nominal slew
rateline anywhere between shaded ‘DC to Vrer(pc) region’, the slew rate of a tangent line to the actual signal from the DC level to
VRer(oc) level is used for derating value (see Figure 12-8).

For a valid transition the input signal has to remain above/below VmiL(ac) for some time tvac. Although for slow slew rates the total
setup time might be negative (i.e. a valid input signal will not have reached ViniLac) at the time of the rising clock transition) a valid
input signal is still required to complete the transition and reach ViniLac).

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation. These values

are typically not subject to production test. They are verified by design and characterization.

Table 12-13. Data Setup and Hold Base-Values (1.35V)

Symbol Reference | DDR3L-800 | DDR3L-1066 DDR3L-1333|DDR3L-1600 DDR3L-1866 DDR3L-2133| Unit | Note
tos(pase, AC160) SI\Q/ I:/L;/\X/(%s 90 40 - - - - ps 2
tos(oase, ACT35) S;’ HLAO) 140 90 45 25 - ; ps | 2
tDs(base, AC130) S;{/ Iill‘z(/\\/C/)n s - - - - 70 55 ps 1
tDH(base, DCYO) SQQ/ ':“‘2(3/% s - - - - 75 60 ps 2
tDH(base, DCYO) S%/':/L{%C/AS 160 110 75 55 - - ps 1

Table 12-14. Data Setup and Hold Base-Values (1.5V)

Symbol Reference | DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 | DDR3-1866 | DDR3-2133 | Unit | Note
tDs(base, AC175) S;{/ ':/l‘,](':‘/(;)ns 75 25 - - - - ps 2
tDs(base, AC150) Sl;/lz/l_'l((\/(;)ns 125 75 30 10 - - ps 2
tpspase, AC135) S;{/ Lo 165 15 60 40 ; ; ps | 23
tDs(base, AC135) SI\?/ ':“‘2(':‘/3)”3 - - - - 68 53 ps 1
{DH(base, DC100) SI\Q/IZ/L‘I(Q/%S 150 100 65 45 - - ps 2
{DH(base, DC100) SI\Q/ IZ/LZ(Q/%S - - - - 70 55 ps 1
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Note:

1. AC/DC referenced for 2V/ns DQ-slew rate and 4V/ns DQS slew rate.
2. AC/DC referenced for 1V/ns DQ-slew rate and 2V/ns DQS slew rate.
3. Optional in DDR3L SDRAM.

Table 12-15. Derating values for DDR3L-800/1066 tps/ton - (AC160) (1.35V)

AC160 Threshold-> Viyac) = Vrer(pc) + 160mV, ViLac) = Vrer(pc) - 160mV

DQS, DQS# Differential Slew Rate

DDR3L 4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atps | Aton | Atps | Aton | Atps | AtoH | Atps | Aton | Atos | Aton | Atps |Aton| Atps | Aton | Atps | Atou

20 | 80 | 45 | 80 | 45 | 80 | 45 | - - - - - - - - - -

1.5 53 30 53 30 53 30 61 38 - - - - - - - -

1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -

DQ | 0.9 - - -1 -3 -1 -3 7 5 15 13 23 21 - - - -

Slew

Rate | 08 | - | - - - | 83| 8| 5 | 1|13 | 9 |21 (17| 29 |27 | - -
Vins | o7 | - - - - - - 3 5 | 11| 3 | 19 |11 | 27 | 21 | 35 | 37
0.6 - - - - - - - - 8 -4 16 4 24 14 32 30
0.5 - - - - - - - - - - 4 -6 12 4 20 20

0.4 - - - - - - - - - - - - -8 -11 0 5

Note:
1. Cell contents which is ‘-’ are defined as ‘not supported’.
Table 12-16. Derating values for DDR3L-800/1066/1333/1600 tps/ton - (AC135) (1.35V)
AC135 Threshold-> Vinac) = Vrerpc) + 135mV, ViLac) = Vrer(pc) - 135mV
DQS, DQS# Differential Slew Rate
DDR3L 4.0V/ns 3.0Vins 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atps | Atpn | Atps | AtoH | Atps | Aton | Atps | Aton | Atps | Aton | Atps | AtpH| Atps | Aton | Atps | Atow

2.0 68 45 68 45 68 45 - - - - - - - - - -

1.5 45 30 45 30 45 30 53 38 - - - - - - - -

1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -

DQ | 0.9 - - 2 -3 2 -3 10 5 18 13 26 21 - - - -

Slew

Rate | 08 | - - - - 3 | 8|11 | 1 | 19| 9 |27 |17 3 |27 | - -
Vins | o7 | - | - ; - |- - | 14| 5 | 22| 3 |30 |11 | 38 | 21 | 46 | 37
0.6 - - - - - - - - 25 -4 33 4 41 14 49 30
0.5 - - - - - - - - - - 29 -6 37 4 45 20

0.4 - - - - - - - - - - - - 30 -11 38 5

Note:

1. Cell contents which is ‘-’ are defined as ‘not supported’.
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Table 12-17. Derating values for DDR3L-1866 tps/ton - (AC130) (1.35V)
AC130 Threshold-> Vinac) = Vrerpc) + 130mV, ViLac) = Vrer(pc) - 130mV
DQS, DQS# Differential Slew Rate
DDR3L 8.0V/Ins 7.0Vins 6.0V/ns 5.0Vins 4.0Vins 3.0Vins 2.0VIns 1.8V/ns 1.6V/ns 1.4Vins 1.2V/ns 1.0V/ns
Atps | Aton | Atps | Aton | Atos | Atpn | Atps | Aton | Atps | Aton | Atps | Aton| Atps | Atpn | Atps | Aton | Atps | Aton | Atos | Aton | Atps | Aton | Atps | Atow
40 | 33 | 23 33 23 33 23 - - - - - - - - - - - - - - - - - -
3.5 28 19 28 19 28 19 28 19 - - - - - - - - - - - - - - - -
3.0 22 15 22 15 22 15 22 15 22 15 - - - - - - - - - - - - - -
2.5 - - 13 9 13 9 13 9 13 9 13 9 - - - - - - - - - - - -
2.0 - - - - 0 0 0 0 0 0 0 0 0 0 - - - - - - - - - -
pasiew| 15 | - - - - - - | 22|15 | 22| 15| 22 |-15| 22 | -15 | -14 | -7 - - - - - - - -
sla:: 1.0 | - - - - - - - - | 65| 45 | 65 | -45 | -65 | -45 | -57 | -37 | -49 | -29 | - - - - - -
09 | - - - - - - - - - - | 62 | -48| 62 | -48 | 54 | -40 | 46 | 32 | 38 | -24 | - - - -
0.8 - - - - - - - - - - - - 61 | -53 | -53 | 45 | 45 | -37 | -37 | -29 | -29 | -19 - -
0.7 | - - - - - - - - - - - - - - | 49 | 50 | 41 | 42 | 33 | 34 | 25 | 24 | -17 | -8
06 | - - - - - - - - - - - - - - - - | 37| 49 | 29 | 41 | 21 | 31 | ‘13 | -15
05 | - - - - - - - - - - - - - - - - - - | 31 | 51 | 23 | -41 | -15 | -25
04 | - - - - - - - - - - - - - - - - - - - - | 28 | -56 | -20 | -40

Note:

1. Cell contents which is ‘-’ are defined as ‘not supported’.
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Table 12-18. Derating values for DDR3-800/1066 tos/ton - (AC175) (1.5V)
AC175 Threshold-> Viuac) = Vrerpc) + 175mV, ViLac) = Vrer(pc) - 175mV
DQS, DQS# Differential Slew Rate
DDR3 4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atps| Atpn| Atps | Atpn | Atos | Aton | Atps | Aton | Atps | Aton | Atps | Aton| Atps | Aton | Atos | Aton
20 | 88 | 50 | 88 | 50 | 88 | 50 | - - - - - - - - - -
15 59 34 59 34 59 34 67 42 - - - - - - - -
1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
DRloo | - | - | 2| 4| -2]-4|6 |4 |14]|12]22]2] - - - -
Slew
Rate 0.8 - - - - -6 -10 2 -2 10 6 18 14 26 24 - -
Vins | 0.7 - - - - - - -3 -8 5 0 13 8 21 18 29 34
0.6 - - - - - - - - -1 -10 7 -2 15 8 23 24
05 | - - - - - - - - - - |11 |16 2 | 6| 5 | 10
04 | - - - - - - - - - - - - | 30 | -26 | 22 | -10
Table 12-19. Derating values for DDR3-800/1066/1333/1600 tos/ton - (AC150) (1.5V)
AC150 Threshold-> Vinac) = Vrerpc) + 150mV, ViLac) = Vrer(pc) - 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0Vins 3.0V/ns 2.0VIns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atps| Atpn | Atps | Atpy | Atos | Aton | Atos | Aton | Atos | Aton | Atps | Aton| Atps | Aton | Atos | Aton
2.0 75 50 75 50 75 50 - - - - - - - - - -
15 50 34 50 34 50 34 58 42 - - - - - - - -
1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
DR | 09 | - | - o | 4|0 | 4| 8 | 4 |16 12|24 ]|20] - - - -
Slew
Rate 0.8 - - - - 0 -10 8 -2 16 6 24 14 32 24 - -
Vins | 0.7 - - - - - - 8 -8 16 0 24 8 32 18 40 34
0.6 - - - - - - - - 15 -10 23 -2 31 8 39 24
0.5 - - - - - - - - - - 14 | -16 22 -6 30 10
04 | - - - - - - - - - - - - 7 | -26 | 15 | -10
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Table 12-20. Derating values for DDR3-800/1066/1333/1600 tos/tox - (AC135) (1.5V)
AC150 Threshold-> Viuac) = Vrerpc) + 150mV, ViLac) = Vrer(pc) - 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atps| Atpn| Atps | Atpn | Atos | Aton | Atps | Aton | Atps | Aton | Atps | Aton| Atps | Aton | Atos | Aton
2.0 68 50 68 50 68 50 - - - - - - - - - -
15 45 34 45 34 45 34 53 42 - - - - - - - -
1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
DR | 09 | - | - 2 | 4| 2 | -4]10| 4 |18| 12|26 |20]| - - - -
Slew
Rate | 08 | - - - - 3 |10 11| -2 | 19| 6 | 27 |14 35 | 24 | - -
Vins | 0.7 | - - - - - - | 14| 8| 22| 0 |3 |8 | 38 |18 | 4 | 34
06 | - - - - - - - - | 25 | 10| 33| 2| 4 | 8 | 49 | 24
05 | - - - - - - - - - - | 29 |-16| 37 | 6 | 45 | 10
04 | - - - - - - - - - - - - | 30 | -26 | 38 | -10
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Table 12-21. Derating values for DDR3-1866/2133 tos/ton - (AC135) (1.5V)
AC135Threshold -> ViHac) = Vrerpe) + 135mV, ViLac) = Vrerpc) - 135mV
DC100Threshold -> Viipc) = Vrerpc) + 100mV, ViLc) = Vrerpc) - 100mV
DQS, DQS# Differential Slew Rate
8.0V/ns 7.0Vins 6.0V/ns 5.0V/ns 4.0VIns 3.0V/ns 2.0V/ns 1.8V/ins 1.6V/ins 1.4Vins 1.2Vins 1.0V/ns
Atps | Atpr | Atps | AtpH | Atps | Atpn | Atps | Atpr | Atps| Atpn | Atps | Aton | Atps | Atpn | Atps | Atpn | Atps | Atprn | Atps | Atow Atps | Atpn | Atps | AtpH
4.0 34 25 34 25 34 25 - - - - - - - - - - - - - - - - - -
3.5 29 21 29 21 29 21 29 21 - - - - - - - - - - - - - - - -
3.0 23 17 23 17 23 17 23 17 23 17 - - - - - - - - - - - - - -
2.5 - - 14 10 14 10 14 10 14 10 14 10 - - - - - - - - - - - -
20 | - | - - | -l olo|lo]|o]ol]o o | o] o] o - - - - - - - - - -
DR | 15 | - - - - - - | 23| 17| -23| 27| 23 | ‘17 | 23 | ‘17 | 115 | -9 - - - - - - - -
Slew
rate | 10| - | - -] - - | - | - | 68|50 | 68 | 50| -68 | -50 | 60 | -42 | -52 | 34 | - - - - - -
Vins | 09 | - - - - - - - - - - | 66 | 54 | -66 | 54 | -58 | -46 | -50 | -38 | -42 | -30 - -
08 | - - - - - - - - - - 64 | 60 | 56 | 52 | -48 | -44 | -40 | 36 | 32 | -26 | - -
07 | - - - - - - - - - - - - - - | 53| 59 | -45 | 51 | 37 | -43 | -29 | 33 | -21 | -17
06 | - - - - - - - - - - - - - - - - | 43| 61| 35| 53 | -27 | -43 | -19 | -27
05 | - - - - - - - - - - - - - - - - - - | 39| 66 | -31 | 56 | -23 | -40
04 | - - - - - - - - - - - - - - - - - - - - 36 | -76 | -30 | -60
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Table 12-22. Required minimum time tvac above Vixac) {below Vi (ac)} for valid DQ transition

Sle DDR3 (1.5V) DDR3L (1.35V)
W
[57::] 80011066 | 5701000 | S0100S! | 1866 | 2133 | 8001066 | SO0V | 466 | 2133 it
AC175 AC150 AC135 AC160 AC135 AC130 AC130
>2.0 75 105 113 93 73 165 113 95 73 ps
2.0 57 105 113 93 73 165 113 95 73 ps
15 50 80 90 70 50 138 90 73 50 ps
1.0 38 30 45 25 5 85 45 30 5 ps
0.9 34 13 30 Note Note 67 30 16 Note ps
0.8 29 Note 11 Note Note 45 11 Note Note ps
0.7 Note Note Note - - 16 Note - - ps
0.6 Note Note Note - - Note Note - - ps
0.5 Note Note Note - - Note Note - - ps
<0.5 Note Note Note - - Note Note - - ps
Note:

1. Rising input signal shall become equal to or greater than Vinc) level and falling input signal shall become equal to or less

than Viyac) level.
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Figure 12-5. lllustration of nominal slew rate and tvac for setup time tos (for DQ with respect to strobe)
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Figure 12-6. lllustration of nominal slew rate for hold time ton (for DQ with respect to strobe)
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Figure 12-7. lllustration of tangent line for setup time tos (for DQ with respect to strobe)
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document,
including any product of the Company described in this document (the “Product”), is owned by the Company according to the laws
of the People’s Republic of China and other applicable laws. The Company reserves all rights under such laws and no Intellectual
Property Rights are transferred (either wholly or partially) or licensed by the Company (either expressly or impliedly) herein. The
names and brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification
purposes only.

The Company makes no representations or warranties of any kind, express or implied, with regard to the merchantability
and the fitness for a particular purpose of the Product, nor does the Company assume any liability arising out of the application or
use of any Product described in this document. Any information provided in this document is provided only for reference purposes.
It is the sole responsibility of the user of this document to determine whether the Product is suitable and fit for its applications and
products planned, and properly design, program, and test the functionality and safety of its applications and products planned
using the Product. Unless otherwise expressly specified in the datasheet of the Product , the Product is designed, developed,
and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and the Product is not
designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities, atomic energy controller,
combustion controller, aeronautic or aerospace applications, traffic signal instruments, pollution control or hazardous substance
management; (ii) life-support systems, other medical equipment or systems (including life support equipment and surgical
implants); (iii) automotive applications or environments, including but not limited to applications for active and passive safety of
automobiles (regardless of front market or aftermarket), for example, EPS, braking, ADAS (camera/fusion), EMS, TCU, BMS,
BSG, TPMS, Airbag, Suspension, DMS, ICMS, Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means
a vehicle propelled by a self-contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric
cars, and other transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be
expected to result in personal injury, death, or severe property or environmental damage (collectively "Unintended Uses").
Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company is not
liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or distributors from,
any claim, damage, or other liability arising from or related to all Unintended Uses of the Product. Customers shall indemnify and
hold the Company, and its officers, employees, subsidiaries, affiliates as well as its suppliers and/or distributors harmless from
and against all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related
to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to make
changes, corrections, modifications or improvements to this document and the Product described herein at any time without notice.
The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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