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1 Feature

Power supply: VDD = VDDQ = 1.35V (1.283V - 1.45V)
Backward compatible to VDD = VDDQ = 1.5V +
0.075v

Supports DDR3L devices to be backward compatible

Data Sheet
SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

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])

in 1.5V application

Package: 96-Ball FBGA (x16) 78-Ball FBGA(x8)
Array configuration: 8 Banks

8n-Bit prefetch architecture

Differential clock inputs (CK, CK#)

data, strobe, and mask signals
®  Programmable CAS (READ) latency (CL)

Note:

Nominal and dynamic on-die termination (ODT) for

Selectable BC4 or BL8 on-the-fly (OTF)
Self refresh mode
Average refresh period:
-7.8us at 0°C < TCASE <85°C
-3.9us at 85°C <TCASE <95C
JEDEC JESD79-3F compliant
RoHS complian
Operating case temperature:

-Commercial (0°C < TC < +95°C)
-Industrial (-40°C < TC < +95°C)

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

1.1 Product List

Table 1 shows all possible products within the 4Gbit DDR3L SDRAM component generation. Availability depends on

application needs.

Table 1 - Ordering Information for4Gbit DDR3L Components

UnilC Part Number :\f:;(ﬁe(;lcoy(:k Org l(;'?esn_ggfﬂp EZ(::: sort Package
Commercial Temperature Range(0°C ~+95°C)
SCB13H4G800BF-11M 933 MHz x8 [13-13-13 DDR3L-1866M |PG-FBGA-78
SCB13H4G800BF-09N 1067 MHz x8 |14-14-14 DDR3L-2133N |PG-FBGA-78
SCB13H4G160BF-11M 933 MHz x 16 [13-13-13 DDR3L-1866M |PG-FBGA-96
SCB13H4G160BF-09N 1067 MHz x 16 |14-14-14 DDR3L-2133N |PG-FBGA-96
Industrial Temperature Range (-40°C - 95°C)
SCB13H4G800BF-11MI 933 MHz X8 [13-13-13 DDR3L-1866M [PG-FBGA-78
SCB13H4G800BF-09NI 1067 MHz X8 |14-14-14 DDR3L-2133N [PG-FBGA-78
SCB13H4G160BE-11MI 933 MHz X16 [13-13-13 DDR3L-1866M [PG-FBGA-96
SCB13H4G160BF-09NI 1067 MHz X16 |14-14-14 DDR3L-2133N [PG-FBGA-96
1.2 Address Table
Table 2 - Address Table
Parameter 512Mb x 8 256Mb x 16
Number of Banks 8 8
Bank Address BAO - BA2 BAO - BA2
Auto Precharge A10/AP A10/AP
BC Switch on the fly A12/BC# A12/BC#
Row Address A0 - A15 A0 -Al4

UnilC_Techdoc, Rev. B 2024-6
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4 SCB13H4Gxx0BF
UnilC AGbit DDR3 SDRAM
Column Address A0 - A9 A0 - A9
Page Size(1) 1KB 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 asfollows:

Page size = 2COLBITS  ORG / 8;

COLBITS = the number of column address bits;ORG = the number of I1/0 (DQ) bits).

UnilC_Techdoc, Rev. B 2024-6
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2 Package Information

2.1 Package 78-Ball FBGA (x8)
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2.2

Package 96-Ball FBGA (x16)
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3 Ball Assignments

3.1 78- Ball FBGA (x8) Ball Assignments

Figure 1 — 78- Ball FBGA (x8) Ball Assignments
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3.2 96-Ball FBGA (x16) Ball Assignments

Figure 2 - 96-Ball FBGA (x16) Ball Assignments
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A O o O O

Voo DQUS  DQU7 DQU4  Vopg Vss
s O O O O O O

Vsso Voo Vss DQSU# DQU6 Vsso
<l O O O o O O

Voo DQU3  DQUL DQSU DQU2 Vbbq
"1 O O O O

Vsso Voo  DMU DQUO  Vsso Voo
1 O O O O

Vss Vssq DQLO DML Vsso Vobg
F O

Vopo DQL2 DQSL DQL1 DQL3  Vsso
G

Vsso DQL6 DQSL# Voo Vss Vssq
H
3 Vrerpe  Vobg  DQL4 DQL7 DQL5 Vopo
K NC Vss RAS# CK Vss NC
L ODT Voo CAS# CK# Voo CKE
M NC  CS#  WE# ALO/AP  ZQ NC
N Vss BAO BA2 NC VRerca Vss
P Vbp A3 A0 Al12/BC# BA1l Vob
-1 O O O o O O

Vss A5 A2 Al Ad Vss
10 O O O O O

Vbp A7 A9 All A6 Vob

Vss RESET# Al3 Al4 A8  Vss

1 2 3 4 5 6 7 8 9

UnilC_Techdoc, Rev. B 2024-6

10/89

Data Sheet
SCB13H4Gxx0BF
4Gbit DDR3 SDRAM



Qiil Data Sheet

’ SCB13H4GXX0BF
UnilC AGbit DDR3 SDRAM

3.3 Ball Description

Table 3 - Ball Description

Symbol Type Function

Clock: CK and CK# are differential clock inputs. All address and control input signals are
CK, CK# Input 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#.

Clock Enable: CKE HIGH activates, and CKE LOW deactivates, internal clock signals and
device input buffers and output drivers. Taking CKE LOW provides PRECHARGE POWER-
DOWN and SELF REFRESH operation (all banks idle), or ACTIVE POWER-DOWN (row active
in any bank). CKE is asynchronous for self refresh exit. After VREFCA and VREFDQ have
become stable during the power on and initialization sequence, they must be maintained during
all operations (including SELF REFRESH). CKE must be maintained HIGH throughout read and
write accesses. Input buffers, excluding CK, CK#, ODT and CKE, are disabled during power-
down. Input buffers, excluding CKE, are disabled during SELF REFRESH.

CKE Input

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

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 RTT.

OoDT Input

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

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

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

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.

AO0 - Al15 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:
AL0/AP Input 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.

Burst Chop: A12/BC# is sampled during READ/WRITE commands to determine if burst chop
Al12/BC# Input

(on- the-fly) will be performed. (HIGH: no burst chop; LOW: burstchopped).

UnilC_Techdoc, Rev. B 2024-6 11/89
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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 VDD, i.e., 1.2V for DC HIGH and 0.3V for
DC LOW.
DQ I/0 Data Input/Output: Bi-directional data bus
DQL, DQU p put. :
Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered in
DQS, DQS# write data. For the x16, DQSL corresponds to the data on DQL0-DQL7, DQSU corresponds to
DQSL, DQSL# /0 the data on DQUO-DQUY7. The data strobe DQS, DQSL and DQSU are paired with differential
DQSU, DQSU# signals DQS#, DQSL#, and DQSU#, respectively, to provide differential pair signaling to the
' 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.
VDDQ Supply DQ Power Supply: DDR3L operation = 1.283 to 1.450V; DDR3 operation = 1.425 t01.575V.
VSSQ Supply DQ Ground
VDD Supply Power Supply: DDR3L operation = 1.283 to 1.450V; DDR3 operation = 1.425 to1.575V.
VSS Supply Ground
VREFDQ Supply Reference Voltage for DQ
VREFCA Supply Reference Voltage for CA
ZQ Supply Reference Pin for ZQ Calibration

Note: Input only pins (BAO — BA2, A0 — A15, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.

UnilC_Techdoc, Rev. B 2024-6
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4 Functional Block Diagrams

Data Sheet

SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

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

Figure 3 - 512 Meg x 8 Functional Block Diagram
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Figure 4 - 256 Meg x 16 Functional Block Diagram
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5 Absolute Maximum Ratings

5.1 Absolute Maximum DC Ratings

Table 4 - Absolute Maximum DC Ratings

Symbol Parameter Rating Unit Note
VDD Voltage on VDD pin relative to VSS -0.4~1.8 \% 1,3
VDDQ Voltage on VDDQ pin relative to VSS -0.4~1.8 \Y 1.3
VIN, VOUT Voltage on any pin relative toVSS -04~138 \% 1
TSTG Storage Temperature -55 ~ 100 °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
JESD79-3F standard.

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

5.2 Recommended DC Operating Conditions

Table 5 - Recommended DC Operating Conditions

Rating
Symbol Parameter Unit Note
Min Typ. Max

DDR3L 1.283 1.35 1.45 V 1,2,3,4,5,6
Vop Supply voltage

DDR3 1.425 15 1.575 V 1,2

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

DDR3 1.425 15 1.575 \' 1,2

Note:

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

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

3. Maximum DC value may not be greater than 1.425V. The DC value is the linear average of VDD/VDD(t) over a long period of time (e.g., 1
sec).

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

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

6. Under 1.5V operation, this DDR3L device operates in accordance with the DDR3 specifications under the same speed timings as defined for
this device.

o

5.3 DRAM Component Operating Temperature Range

Table 6 - Temperature Range

Symbol Parameter Rating Unit Note
Normal Operating Temperature Range 0~85 °C 1,2
Toper Wide temperature -40 ~ 85 °C 1,2
Extended Temperature Range 85 ~95 °C 1,3
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Note:

1. Operating Temperature TOPER 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 tREFI to 3.9us. It is also possible to specify a
component with 1X refresh (tREFI 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 =0b).
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6 AC And DC Input Measurement Levels

6.1

AC and DC Logic Input Levels for Single-ended Signals

Data Sheet
SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

6.1.1 AC and DC Input Levels for Single-ended Command and Address Signals
Table 7 - 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
ViH.capceo) | DC input logic high | Vrer+0.09 | Vbp VRrer +0.09 | Vop Vrer +0.09 | Vop \Vi 1
ViLcapcoo) | DCinput logic low | Vss Vrer-0.09 | Vss VRrer- 0.09 | Vss VRer - 0.09 \Vi 1
VIH.CA(AClGO) AC input logic high | Vrer+0.16 | Note 2 VRrer +0.16 Note 2 - - \Vi 1,2,5
ViLcacieo) | AC inputlogic low | Note 2 Vrer- 0.16 | Note 2 Vrer- 0.16 | - - Y, 1,2,5
ViH.caac1ss) | AC input logic high \5/R5F+0'13 Note 2 Vrer +0.135 | Note 2 VRrer+0.135 | Note 2 v |125
ViLca,ciss) | AC input logic low | Note 2 VRrer- 0.135 | Note 2 Vrer - 0.135| Note 2 Vrer-0.135 V 1,2,5
ViH.caacizs) | AC input logic high | - - - - Vrer+0.125| Note 2 \V; 1,2,5
ViLcaacizs)y | AC input logic low | - - - - Note 2 Vrer- 0.125| V 1,25
Reference voltage
VREFCA(DC) for ADD,CMD | 0.49 x Vpp| 0.51 xVpp | 0.49 xVpp | 0.51 x Vpp | 0.49 x Vpp | 0.51 x Vpp \% 3,4
inputs
DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133 )
Symbol Parameter Unit | Note
Min Max Min Max Min Max
ViH.capcio0) |DC input logic high |Vrer+0.10 |Vop Vrer +0.10 (VoD Vrer+ 0.10 (VoD 1,6
ViLcapcioo) |DC inputlogic low |Vss Vrer- 0.10 |Vss VRrer- 0.10 |Vss VRrer- 0.10 \% 1,7
ViH.caacizs) |AC input logic high |Vrer+0.175 [Note 2 Vrer+0.175 |Note 2 - - 1,2,8
ViH.caacizs) |AC input logic low | Note 2 VRrer- 0.175 |Note 2 VRrer- 0.175| ) v 129
ViLcactso) |AC input logic high |Vrer+0.15 |Note 2 Vrer +0.15 Note 2 - - V 1,2,8
ViH.caaciso) |AC input logic low  |Note 2 Vree- 0.15 Note 2 Vree- 0.15 |- - \Y 1,29
ViL.capaciss) |AC input logic high |- - - - Vrer + 0.135 |Note 2 \% 1,2,8
ViH.caaciss) |AC input logic low |- - - - Note 2 VRer-0.135| V 129
ViLcaacizs)y |AC input logic high |- - - - Vrer + 0.125 |Note 2 \Y 1,2,8
ViLcancizs) |AC input logic low |- - - - Note 2 Vrer-0.125| V 129
Reference  voltage|
VREFCA(DC) for ADD, CMD inputs 0.49 xVpp [0.51 xVop |0.49 xVpp |0.51 xVpp |0.49 xVpp  |0.51 x Vbp \% 3.4.10
Note:

1. Forinput only pins except RESET#. VRer = VRercA(DC)-
2. See “Overshoot and Undershoot Specifications” in Section 7.6.
3. The AC peak noise on Vrer may not allow Vgrer to deviate from Vrerpc) by more than + 1% Voo (for reference: DDR3L:

pprox.. + 13.5mV; DDR3:

pprox.. £15mV).

4. For reference: DDR3 has pprox.. Voo/2 = 15mV, DDR3L has pprox.. Voo/2 + 13.5mV.

5. These levels apply for 1.35V operation only. If the device is operated at 1.5V, the respective levels in JESD79-3F
(ViHL.ca(Dc100), VIHIL.cAACLTS), VIHIL.CA(AC150), VIHIL.CA(ACL35), VIHIL.CA(AC125), etC.) apply. The 1.5V levels (ViniL.capci00), VIHIL.CAACLTS),
VIHiL.caac1s0), ViHIL.cAaciss), VIHIL.caacizs), etc.) do not apply when the device is operated in the 1.35 voltagerange.

6. Voo is used as a simplified symbol for ViH.capc1o0).

~

ViLipc) is used as a simplified symbol for ViL.capcioo).

8. ViHio) is used as a simplified symbol for Vin.canaci7s), ViH.caiciso), ViH.caaciss), and Vincaacizs); Vin.caacirs) value is used
when Vrer + 0.175V is referenced, ViH.caiaciso) value is used when Vrer + 0.15V is referenced, Vin.canciss) value is used
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when Vgrer + 0.135V is referenced, and Vin.caacizs) value is used when Vrer + 0.125V is referenced.

9. Vo is used as a simplified symbol for ViLcaaci7s), ViLcanaciso), ViL.caniaciss) and ViLcancizs); ViL.caacirs) value is used
when Vrer — 0.175V is referenced, ViL.canciso) value is used when Vrer — 0.15V is referenced, ViL.caciss) value is used
when Vgrer
—0.135V is referenced, and ViLcaacizs) value is used when Vrer— 0.125V is referenced.

10. Vrercapc)is measured relative to Vop at the same point in time on the same device.

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

Table 8 - 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
ViHpopeeoy |PC input logic high | Vrer+0.09 (Voo Vrer+0.09 |Vop Vrer+0.09  |Vop Vv 1
ViLpopceo) | PC input logic low Vss Vrer- 0.09 |Vss Vrer- 0.09 |Vss Vrer-0.09 | V 1
Vinpgpcieoy |AC inputlogic high  |Vrer+0.16 |Note 2 - - - - vV | 1,25
ViLboeacieo) |AC input logic low Note 2 Vrer— 0.16 |- - - - \Y 1,2,5
Vinpgaciss)  |AC input logic high Vrer+0.135 [Note 2 Vrer+0.135 |Note 2 - - \Y 1,2,5
ViLboeacissy  |AC input logic low Note 2 Vrer - 0.135 |Note 2 VRrer- 0.135 |- - \Y 1,2,5
Vinpoeacizo)  |AC inputlogic high |- - - - Vrer+0.13  |Note 2 vV | 1,25
ViLpoacisgy  |AC input logic low - - - - Note 2 Vrer- 0.13 \Y 1,2,5
VRerooeo) | ha v 2| 0.49 x Voo | 0.51x Voo | 0.49 x Voo | 0.51x Vo | 049 x Voo | 051 x Voo | V | 3.4

Symbol barameter DPR3-800/1066 DI?RS-1333/1600 DI?R3-1866/2133 nit| Note

Min Max Min Max Min Max
ViH.DQdcioo) |DC inputlogic high  |Vrer+0.10  |Vop Vrer+0.10 |VbD Vrer+0.10 |VbD \Y 1,6
ViLbgcioo) |DC input logic low Vss Vrer- 0.10 |Vss VRer- 0.10 |Vss VRrer - 0.10 \% 1,7
ViH.pQ(ac17s)  |AC input logic high | Vrer+0.175 |Note 2 - - - - vV | 1,28
ViLbgacirs)y  |AC input logic low Note 2 VRer- 0.175 |- - - - \% 1,29
ViH.DQac1s0)  |AC inputlogic high  |Vrer+0.15 | Note 2 VRrer+0.15 |Note 2 - - vV | 1,2,8
ViLbgaciso)  |AC input logic low Note 2 Vrer— 0.15 |Note 2 VRer- 0.15 |- - \% 1,29
ViH.DQ(ac135)  [AC input logic high | Vrer+0.135 |Note 2 VRrer+0.135 |Note 2 Vrer+0.135 |Note 2 vV | 1,2,8
ViLbgaciss)  |AC input logic low Note 2 Vrer - 0.135 |Note 2 VRer - 0.135 |Note 2 Vrer- 0.135| V 1,29
VREFDQ(DC) ggf%emiﬂ;age ©°"0.49 x Voo [0.51 x Voo {0.49 x Voo 0.51 % Voo [0.49 x Voo [051 x Voo | V| 3,4,10

Note:
1. Forinput only pins except RESET#, VREF = VREFDQ(DC).

2. See “Overshoot and Undershoot Specifications” in Section 7.6.

3. The AC peak noise on VREF may not allow VREF to deviate from VREFDQ(DC) by more than + 1% VDD (for reference: DDR3L:pprox..
+13.5mV; DDR3: pprox.. £ 15mV).

4. For reference: DDR3 has pprox.. VDD/2 + 15mV, and DDR3L has pprox.. VDD/2 + 13.5mV.

5. These levels apply for 1.35V operation only. If the device is operated at 1.5V, the respective levels in JESD79-3F (VIH/L.DQ(DC100),
VIH/L.DQ(AC175), VIH/L.DQ(AC150), VIH/L.DQ(AC135), etc. ) apply. The 1.5V levels (VIH/L.DQ(DC100), VIH/L.DQ(AC175),
VIH/L.DQ(AC150), VIH/L.DQ(AC135), etc. ) do not apply when the device is operated in the 1.35 voltage range.

6. VIH(DC) is used as a simplified symbol for VIH.DQ(DC100).

7. VIL(DC) is used as a simplified symbol for VIL.DQ(DC100).

8. VIH(AC) is used as a simplified symbol for VIH.DQ(AC175), VIH.DQ(AC150), and VIH.DQ(AC135); VIH.DQ(AC175) value is used when
VREF + 0.175V is referenced, VIH.DQ(AC150) value is used when VREF + 0.15V is referenced, and VIH.DQ(AC135) value is used when
VREF + 0.135V is referenced.

9. VIL(AC) s used as a simplified symbol for VIL.DQ(AC175), VIL.DQ(AC150), and VIL.DQ(AC135); VIL.DQ(AC175) value is used when
VREF - 0.175V is referenced, VIL.DQ(AC150) value is used when VREF — 0.15V is referenced, and VIL.DQ(AC135) value is used when
VREF - 0.135V is referenced.

10. VREFDQ(DC) is measured relative to VDD at the same point in time on the same device.
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6.2 VRrer Tolerances

The DC-Tolerance limits and AC-Noise limits for the reference voltages Vrerca and Vrerpg are illustrate in Figure 5. It shows a valid
reference voltage Vrerq as a function of time. (Vrer stands for Vrerca and Vrerpo likewise).

Vrerpc) 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. Furthermore Vrery may temporarily deviate from Vrerpc) by no more than = 1% VDD.

Figure 5 - lllustration of Vrerpc) Tolerance and Vrer AC-Noise limits

A
Voltage

))
«

[

VRer(pc) — — %

VREF(DC) min

))
g

Vss

»
»

Time

voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are dependent on VREF. “VREF"
should be understood as VREF(DC).

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

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with
VREF AC-Noise. Timing and voltage effects due to AC-Noise on VREF up to the specified limit (+ 1% of VDD) are included in DRAM
timings and their associated deratings.

6.3 AC and DC Logic Input Levels for Differential Signals

6.3.1 Differential Signals Definition

Figure 6 - Definition of Differential AC-Swing and “Time above AC-Level” tovac
A

VIH,diff(AC)min
VIH,diff,min

0.0

VL, diff,max

VIL,diff(AC)max

ttovacl
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6.3.2  Diifferential Swing Requirements for Clock (CK — CK#) and strobe (DQS — DQS#)

Table 9 - Differential AC and DC Input Levels

DDR3L/DDR3-800/1066/1333/1600/1866
Symbol Parameter 1.35vV 1.5V Unit | Note
Min Max Min Max
VIH,diff Differential input high +0.18 Note 3 +0.20 Note 3 \%
VL, diff Differential input low Note 3 -0.18 Note 3 -0.20 \Y
. . - . 2 X (Vinac) — 2 X (Vinac) —
Vingdifac) | Differential input high AC Vrer) Note 3 Vrer) Note 3 \% 2
ViLdiac) | Differential input low AC Note 3 2x (Virao) - Note 3 2X (Viae) = v 2
VREF) VREF)

Note:
1. Used to define a differential signal slew-rate.
2. For CK — CK# use VIH/VIL(AC) of ADD/CMD and VREFCA; for DQS — DQS#, DQSL — DQSL#, DQSU — DQSU# use VIH/VIL(AC) of DQS
and VREFDQ); if a reduced AC-high or AC-low level is used for a signal group, then the reduced level applies also here.
3. These values are not defined, however, the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#, DQSU, DQSU# need to be within
the respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and undershoot.
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Table 10 - Allowed Time before Ringback (tovac) 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 @ VHIL,diff(ac) = @ VIHL diff(ac) = @ VIHL diff(ac) = @ VL diff(ac) = @ VHIL diff(ac) =
[V/ns] 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 VIH,diff(AC) level and falling input signal shall become equal to or less
than VIL,diff(AC) level.

Table 11 - Allowed Time before Ringback (tbvac) for CK — CK# and DQS — DQS# (1.5V)

DDR3-800/1066/1333/1600 DDR3-1866/2133
tovac [ps] tovac [ps] tovac [ps] tovac [ps] tovac [ps]
Slew Rate @ VIHiL diff(ac) = @ VIHiL diff(Ac) = @ Vi difiac) = @ VIHiL diff(ac) = @ VHL diff(ac) =
[V/ns] 350mV 300mV (DQS - DQs#) 300mV (CK = CK#) only
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 VIH,diff(AC) level and falling input differential signal shall become equal
to or less than VIL,diff(AC) level.

6.3.3

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 VSEHmIn/VSELmax (approximately equal to the AC-Levels (VIH(AC)/VIL(AC)) for
ADD/CMD signals) in every half-cycle.
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DQS, DQSL, DQSU, DQS#, DQSL# have to reach VSEHmin/VSELmax (approximately the AC-Levels (VIH(AC)/VIL(AC)) 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.CA(AC150)/VIL.CA(AC150) is used for ADD/CMD signals, then these AC-levels apply also for the single-ended signals CK

and CK#.

Figure 7 - Single-ended Requirement for Differential Signals

Vb Of Vppg

VseHmin

Vpp/2 or VDDQ/2 ___________________________________________
CK orDQS

VSELmax

VssOrVssg = === e e e e e e e e e e - Time
Note that, while ADD/CMD and DQ signal requirements are with respect to VREF, the single-ended components of differential
signals have a requirement with respect to VDD/2, this is nominally the same. The transition of single-ended signals through the
AC-Levels is used to measure setup time. For single-ended components of differential signals the requirement to reach VSELmax,

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

Table 12 - Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, or DQSU#

DDR3L/DDR3-800/1066/1333/1600/1866 .
Symbol Parameter - Unit Note
Min Max

v Single-ended high-level for strobes (Voo/2) +0.175 Note 3 Vv 1,2

SEH
Single-ended high-level for CK, CK# (Voo/2) + 0.175 Note 3 Y, 1,2
v Single-ended low-level for strobes Note 3 (Vop/2) —0.175 \Y, 1,2

SEL
Single-ended low-level for CK, CK# Note 3 (Vop/2) —0.175 \Y, 1,2

Note:

1. For CK, CK# use VIH/VIL(AC) of ADD/CMD; for storbes (DQS, DQS#, DQSL, DQSL#, DQSU, DQSU#) use VIH/VIL(AC) of DQS.
2. VIH(AC)/VIL(AC) for DQ is based on VREFDQ; VIH(AC)/VIL(AC) for ADD/CMD is based on VREFCA,; if a reduced AC-high or AC-low level

is used for a signal group, then the reduced level applies also here.
3. These values are not defined, however the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#, DQSU, DQSU# need to be within

the respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and undershoot.

6.4 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 13 and Table 14. The differential
input cross point voltage VIX is measured from the actual cross point of true and complement signals to the midlevel between of

VDD and VSS.
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Table 13 - Cross Point Voltage for Differential Input Signals (CK, DQS):1.35V
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Vbp

CK, DQS

DDR3L-800/1066/1333/1600/1866/2133
Symbol Parameter Unit Note
Min Max
Differential Input Cross Point Voltage relative )
Vixer to Voo/2 for CK, CK# 150 150 mv L
Differential Input Cross Point Voltage
Vix(oQs) relative to Vpo/2 for DQS, DQS# -150 150 mv i
Note:
1. The relation between VIX(min/max) and VSEL/VSEH should satisfy following.
(VDD/2) + VIX(min) — VSEL = 25mV;
VSEH — ((VDD/2) + VIX(max)) =25mV.
Table 14 - Cross Point Voltage for Differential Input Signals (CK, DQS):1.5V
DDR3-800/1066/1333/1600/1866/2133
Symbol Parameter Unit Note
Min Max
nput Cross Point Voltage relative to Voo/2 for -150 150 mV 2
Vix(ck)
CK, Ck# -175 175 mVv 1
Differential Input Cross Point Voltage
Vix(pQs) relative to Vop/2 for DQS, DQS# -150 150 mv 2
Note:

1. Extended range for V|x 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 Vpp, £ 250mV, and when the differential slew rate of CK — CK# is larger than 3V/ns.

2. The relation between VIXmivmax and Vse/Vsen should satisfy following.
(Vooiz) + VIX(miny— Vsel 2 25mV; Veen — (Vopr2) + Vixmax) = 25mV.

6.5

Slew Rate Definitions for Single-ended Input Signals

See section 11.5 “Address/Command Setup, Hold and Derating” single-ended slew rate definitions for address and command

signals.

See section 11.6 “Data Setup, Hold and Slew Rate Derating” single-ended slew rate definitions for data signals.

6.6

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 Table15 and Figure 9.
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Table 15 - Differential Input Slew Rate Definition

o Measured _
Description Defined by
From To
Differential input sIeWDrgtg ﬁ)rDr(lgSISrlg edge (CK - CK#and VL diff,max VIH diff,min [Vt dift,min — VL diff max]/DeltaT Rai
Differential input smwé%tes ?gg"slr;g edge (CK —CK# and VIH,diff,min VL diff, max [ViH,dift,min — ViL,dift, max]/DeltaT Faitr
Note:

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

Figure 9 - Differentia | Input Slew Rate Definition for DQS, DQS# and CK, CK#
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7 AC&DC Output Measurement Levels
7.1 Single-ended AC and DC Output Levels
Table 15 shows the output levels used for measurements of single-ended signals.
Table 16 - Single-ended AC&DC Output Levels
Symbol Parameter Value Unit Note
VoH(pc) DC output high measurement level (for IV curve linearity) 0.8 x Vbbpg \% -
Vom(pc) DC output mid measurement level (for IV curve linearity) 0.5 X Vbbpg \% -
VoL(pc) DC output low measurement level (for IV curve linearity) 0.2 X Vbbpg \% -
VoH(Ac) AC output high measurement level (for output SR) Vrr+ 0.1 X Vbpo \% 1
VoL(ac) AC output low measurement level (for output SR) V11— 0.1 X VbpQ \% 1

Note:
1. The swing of £ 0.1 x VDDQ 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 VTT = VDDQ/2.

7.2 Differential AC and DC Output Levels

Table 16 shows the output levels used for measurements of differential signals.
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Symbol Parameter Value Unit Note

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

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

1. The swing of £ 0.2 x VDDQ is based on approximately 50% of the static single-ended output high or low swing with a driver impedance of

40Q and an effective test load of 25Q to VTT = VDDQ/2 at each of the differential outputs.

7.3

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 VOL(AC) and VOH(AC) for single-ended signals as shown in Table 18 and Figure 10.

Table 18 - Single-ended Output Slew Rate Definition

o Measured ]
Description Defined by
From To
Single-ended output slew rate for rising edge VoL(ac) VoH(ac) [Vorac)— VoLac))/DeltaTRse
Single-ended output slew rate for falling edge VoH(ac) VoL(ac) [Vonac) — Vouac))/DeltaTFse

Note:

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

Figure 10 - Single-ended Output Slew Rate Definition
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Table 19 - Single-ended Output Slew Rate
Operation | DDR3L-800 | DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866 | DDR3L-2133
Parameter Symbol Unit
Voltage | Min Max Min Max Min Max Min Max Min Max Min Max
single-ended 1.35v | 175 | 50 | 175 | 5@ | 175 | 50 | 1.75 | 5@ | 1.75 | 5@ | 1.75 | 50 | Vins
output slew rate SRQs
p 1.5V 2.5 5 25 5 2.5 5 25 5 2.5 50 2.5 50 V/ns

Description:

SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Singnals

For RON = RZQ/7 Setting
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Note:

1. In two 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).

d 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).

7.4 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
VOL,diff(AC) and VOH,diff(AC) for differential signals as shown in Table 20 and Figure 11.

Table 20 - Differential Output Slew Rate Definition

o Measured .
Description Defined by
From To
Differential output slew rate for rising edge VoL diff(AC) VOH diff(AC) [Von,difiiac) — VoL difiac)]/DeltaTRuitt
Differential output slew rate for falling edge VoH diff(AC) VoL diff(AC) [Von ditiiac) — Vo difiac)l/ DeltaT Faitt

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

Figure 11 - Differential Output Slew Rate Definition

DeltaTRuift

-------- VoH difi(ac)

VT

VoL diff(ac)

Differential Output Voltage (i.e., DQS - DQS#)

DeltaTFairr
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Operation DDR3L-800 |DDR3L-1066 | DDR3L-1333|DDR3L-1600 | DDR3L-1866 | DDR3L-2133 .
Parameter |Symbol - - - - - - Unit
Voltage Min | Max | Min | Max Min | Max | Min | Max | Min | Max | Min | Max
single- 1.35Vv 3.5 12 | 3.5 12 3.5 12 3.5 12 3.5 12 3.5 12 |Vins
ended SRQus
output slew 1.5V 5 10 5 10 5 10 5 10 5 12 5 12 |Vins
rate
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
Diff: Differential Singnals
For Ron = Rzq/7 Setting

7.5

Reference Load for AC Timing and Output Slew Rate

Figure 13 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.

Figure 12 - Reference Load for AC Timing and Output Slew Rate

Vbbo
25Q
CK, CK# DUT bpo
DQS /\/\/\, V1T =VDDQ/2
DQS#

L

Reference Point

7.6 Overshoot and Undershoot Specifications
7.6.1 Address and Control Overshoot and Undershoot Specifications
Table 22 - AC Overshoot/Undershoot Specification for Address and Control Pins
DDR3L-800| DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866 | DDR3L-2133 | Unit
Maximum peak amplitude 0.4 0.4 0.4 0.4 0.4 0.4 Vv
allowed for overshoot area®
Maximum peak amplitude
allowed for undershoot area(2) 04 04 04 04 04 04 v
Maximum overshoot area
above VDD 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 — A15, BAO — BA2, CS#, RAS#, CAS#, WE#, CKE, ODT)
Note:

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

2. The sum of the applied voltage (VDD) and the peak amplitude undershoot voltage is not to exceed absolute maximum DC ratings.
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Figure 13 - Address and Control Overshoot and UndershootDefinition
Maximum Amplitude Overshoot Area
VbD
Volts (V) Vss
Undershoot Area
Maximum Amplitude
Time (ns)
7.6.2  Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications
Table 23 - AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask
800 1066 1333 1600 1866 2133 Unit
Maximum peak amplitude
) 0.4 0.4 0.4 0.4 0.4 0.4 \Y%
allowed for overshoot area
Maximum peak amplitude
2 0.4 0.4 0.4 0.4 0.4 0.4 \Y
allowed for undershoot area(2)
Maximum overshoot area
above VDDQ 0.25 0.19 0.15 0.13 0.11 0.10 V-ns
Maximum undershoot area
below VSSQ 0.25 0.19 0.15 0.13 0.11 0.10 V-ns
(CK, CK#, DQ, DQS, DQS#, DM)
Note:

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

Figure 14 - Clock, Data, Strobe and Mask Overshoot and Undershoot Definition

Maximum Amplitude OvershootArea

e

DQ

Vb
Volts (V) Vsso

Undershoot Area

Maximum Amplitude

Time (ns)

7.7 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:

RON34 = RZQ/7 (Nominal 34.3Q + 10% with nominal RZQ = 240Q).

The individual pull-up and pull-down resistors RON(Pu) and RON(Pd) are defined as follows:
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under the condition that RON(Pd) is turned off .
under the condition that RON(Pu) is turned off.

Figure 15 - Output Driver: Definition of Voltages and Currents

Chip In Drive Mode

Output Drive
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Data Sheet

SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

Table 24 - Output Driver DC Electrical Characteristics, assuming RZQ = 240Q; entire operating temperature range; after
proper ZQ calibration

RON,Nom | Resistor vouT Min Nom (DE"S};L) (DMani(s) Unit Note
VoLc) = 0.2 X Vbpo 0.6 1.0 1.15 1.1 Rzol7 1,2,3

Ron,34pd Vompc) = 0.5 X Vbbo 0.9 1.0 1.15 1.1 Rzql/7 1,2,3

VoHpc) = 0.8 X Vbpo 0.9 1.0 1.45 1.4 Rzol7 1,2,3

340 VoLc) = 0.2 X Vbpo 0.9 1.0 1.45 1.4 Rzol7 1,2,3
Ron,34pPu Vompc) = 0.5 X Vbbo 0.9 1.0 1.15 1.1 Rzql/7 1,2,3

VoHpc) = 0.8 X Vbpo 0.6 1.0 1.15 1.1 Rzql/7 1,2,3

VoLc) = 0.2 X Vbpo 0.6 1.0 1.15 1.1 Rzq/6 1,2,3

Ron,40pd Vompc) = 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/6 1,2,3

400 VoHpc) = 0.8 X Vbpo 0.9 1.0 1.45 1.4 Rzq/6 1,2,3
VoLc) = 0.2 X Vbpo 0.9 1.0 1.45 1.4 Rzq/6 1,2,3

Ron,40pPu Vompc) = 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/6 1,2,3

VoHpc) = 0.8 X Vbpo 0.6 1.0 1.15 1.1 Rzq/6 1,2,3

M::&agzn_zﬁf/‘\’/":e& PUUP 1 Vowmoe) = 0.5 x Voo 10 . +10 +10 % 1,24

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.

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

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

4. Measurement definition for mismatch between pull-up and pull-down, MMPuPd: Measure RON(Pu) and RON(Pd), both at 0.5 x VDDQ:

7.71

If temperature and/or voltage chanage after calibration, the tolerance limits widen according to Table 25 and Table 26

AT =T - T(@calibration); AV = Vppq — Vbpg(@calibration); Vop =Voog.

Note:

Output Driver Temperature and Voltage Sensitivity

1. dRo\dT and dRg\dV are not subject to production test but are verified by design and characterization.

UnilC_Techdoc, Rev. B 2024-6

28189



Qiil Data Sheet

. SCB13H4Gxx0BF
UnilC 4Gbit DDR3 SDRAM
Table 25 - Output Driver Sensitivity Denfinition
Iltem Min Max Unit
RonPu@VoH(po) 0.6 — dRondTH x |AT| - dRondVH x |AV| 1.1 + dRondTH x |AT| + dRondVH x [AV] Rzal7
Ron@Vowm(pe) 0.9 — dRondTM x |AT| - dRondVM x |AV| 1.1 + dRondTM x |AT| + dRondVM x |AV| Rzql7
Ronpa)@VoL(pc) 0.6 — dRondTL x |AT]| - dRondVL x |AV] 1.1 + dRondTL x |AT| + dRondVL X |AV] Rzol7
Table 26 - Output Driver Voltage and Temperature Sensitivity
Speed Bin 800/1066/1333 1600/1866/2133
Unit
Item Min Max Min Max
dRondTM 0 1.5 0 1.5 %/°C
dRondVM 0 0.15 0 0.13 %/mvV
dRondTL 0 1.5 0 1.5 %/°C
dRondVL 0 0.15 0 0.13 %/mV
dRondTH 0 1.5 0 1.5 %/°C
dRondVH 0 0.15 0 0.13 %/mV

Note:
1. These parameters may not be subject to production test. They are verified by design and characterization.

7.8 On-Die Termination (ODT) Levels and |-V Characteristics

On-Die Termination effective resistance RTT 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 (RTT(Pu)
and RTT(Pd)) are defined as follows:

Under the condition that RTT(Pd) is turned off.

Under the condition that RTT(Pu) is turned off.

Figure 16 - On-Die Termination: Definition of Voltages and Currents

Chip In Termination Mode

OoDT
:_ U ' o Vbpg
1
: l lpu :
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To other ! Rrrpy |
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like RCV, : *:__bUT
1
R 1
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\ l Ipd !
:_ — ¥ 0 Vssq

ODT DC Electrical Characteristic
Table 27 provides an overview of the ODT DC electrical characteristics. Their values for RTT60(Pd120), RTT60(Pul20),

RTT120(Pd240), RTT120(Pu240), RTT40(Pd80), RTT40(Pu80), RTT30(Pd60), RTT30(Pu60), RTT20(Pd40), RTT20(Pu40)
are not specification requirements, but can be used as design guide lines.
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Table 27 - ODT DC Electristics, assuming Rzo=240Q = 1% entire operating temperature range; after properZQ
calibration
MR1 Max Max
(A9, A6, Rt Resistor Vout Min Nom (DDR3L) (DDR3) Unit Note
A2)
Vovpc) = 0.2 X Vbpq 0.6 1.0 1.15 11 Rzq 1,234
RTT120(Pd240) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzo 1,234
VoHpc) = 0.8 X Vbpg 0.9 1.0 1.45 1.4 Rzo 1,234
(0,1,0) | 120Q Vovpc) = 0.2 X Vbpg 0.9 1.0 1.45 1.4 Rzq 1234
RTT120(PU240) 0.5 x Vbpo 0.9 1.0 1.15 1.1 Rzo 1,234
Vor(pc) = 0.8 X Vopg 0.6 1.0 1.15 11 Rzq 1,234
RtT120 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rzq/2 1,2,5
VoLpc)= 0.2 X Vbpo 0.6 1.0 1.15 1.1 Rzq/2 1,2,3,4
RTT60(Pd120) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/2 1,2,3,4
VoHpc) = 0.8 X Vbpg 0.9 1.0 1.45 1.4 Rzq/2 1,2,3,4
(0,0,1) 60Q VoLpc)= 0.2 X Vbpo 0.9 1.0 1.45 1.4 Rzq/2 1,2,3,4
RTT60(PU120) 0.5 x Vbbo 0.9 1.0 1.15 1.1 Rzo/2 1,2,3,4
VoHpc) = 0.8 X Vbpg 0.6 1.0 1.15 1.1 Rzq/2 1,2,3,4
Rt760 ViLac) to Vikac) 0.9 1.0 1.65 1.6 Rzol4 1,2,5
Vorpc) = 0.2 X Vbbq 0.6 1.0 1.15 11 Rzq/3 | 1,2,34
RTT40(Pd80) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/3 1,234
VoHpc) = 0.8 X Vbpg 0.9 1.0 1.45 1.4 Rzq/3 1,2,3,4
(0,1,1) 40Q Voroc)= 0.2 X Vbbq 0.9 1.0 1.45 1.4 Rzq/3 12,34
RTT40(Pus0) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/3 1,2,3,4
VoHpc) = 0.8 X Vbpg 0.6 1.0 1.15 1.1 Rzq/3 1,2,3,4
RtT40 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rzq/6 1,25
VoLpc)= 0.2 X Vbpo 0.6 1.0 1.15 1.1 Rzol4 1,2,3,4
RTT30(Pd60) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzol4 1,2,3,4
Vonoc) = 0.8 X Vbbg 0.9 1.0 1.45 1.4 Rzql4 12,34
(1,0,1) 30Q Voroc) = 0.2 X Vbbq 0.9 1.0 1.45 1.4 Rzql4 12,34
RTT30(Pu60) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzol4 1,2,3,4
Vor(pc) = 0.8 X Vopg 0.6 1.0 1.15 11 Rzq/4 | 1,2,34
RtT30 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rzq/8 1,25
VoLc)= 0.2 X Vbpo 0.6 1.0 1.15 1.1 Rzq/6 1,2,3,4
RTT20(Pd40) 0.5 X Vbpo 0.9 1.0 1.15 1.1 Rzq/6 1,2,3,4
VoHpc) = 0.8 X Vbpg 0.9 1.0 1.45 1.4 Rzq/6 1,2,3,4
(1,0,0) 20Q Voroc)= 0.2 X Vbbq 0.9 1.0 1.45 1.4 Rzq/6 12,34
RT20(Pu40) 0.5 x Vbbq 0.9 1.0 1.15 11 Rzq/6 | 1,2,3,4
Vor(pc) = 0.8 X Vopg 0.6 1.0 1.15 11 Rzq/6 | 1,2,3,4
RtT20 ViLac) to ViHac) 0.9 1.0 1.65 1.6 Rzo/12 1,25
B e e s | s [ e [ e Jess
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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.
2. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSS.
3. Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x VDDQ. Other calibration schemes may be used to
achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.
4. Not a specification requirement, but a design guide line.
5. Measurement definition for RTT:
Apply VIH(AC) to pin under test and measure current I(VIH(AC)), then apply VIL(AC) to pin under test and measure current I(VIL(AC))
respectively.
_ ViHac) = ViLke)
™ (Vineo) — 1(Vitao)
6. Measurement definition for VM and AVM: Ameasure voltage (VM) at test pin (midpoint) with no load:
2 xVM

Vbbo

AVM = (

—1) x 100

7.8.1 ODT DC Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 28 and Table 29.

AT =T — T(@calibration); AV = Vbpq— Vopg(@calibration); Vop = Vobq.

Table 28 - ODT Sensitivity Definition

Min Max Unit
Rt 0.9 — dR77dT x |AT| - dRTdV X |AV] 1.6 + dR77dT x |AT| + dRtrdV x |AV| Rzq/2,4,6,8,12
Table 29 - ODT Voltage and Temperature Sensitivity
Min Max Unit
dR7rdT 0 15 %/°C
dRrrdV 0 0.15 %/mV

Note:
1. These parameters may not be subject to production test. They are verified by design and characterization.

7.9 ODT Timing Definitions

7.9.1 Test Load for ODT Timings
Different than for timing measurements, the reference load for ODT timings is defined in Figure 17.

Figure 17 - ODT Timing Reference Load

Voo
DUT
CK, CK#
DQ.DM ————_Jovi= Vsso
DQS, DQS#
A Rrr=25Q
VSSQ

Timing Reference Points
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7.9.2  ODT Timing Definitions

Definitions for tAON, tAONPD, tAOF, tAOFPD and tADC are provided in Table 30 and subsequent figures. Measurement
reference settings are provided in Table 31

Table 30 - 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 Vssq Figure 18
taonep |Rising edge of CK — CK# with ODT being first registered HIGH |Extrapolated point at Vssq Figure 19
taor  |Rising edge of CK — CK# defined by the end point of ODTLoff |End point: Extrapolated point at Vrrt,nom | Figure 20
taorrp | Rising edge of CK — CK# with ODT being first registered LOW |End point: Extrapolated point at Vrrr,nom | Figure 21
i Rising edge of CK — CK# defined by the end point of End point: Extrapolated points at VrTTwr) Fiqure 22
APC 1 ODTLcnw, ODTLcwn4 of ODTLcwn8 and VRrT nom respectively 9
Table 31 - ODT Timing Definitions
Measured Parameter RrT.Nom Setting Rrrwr) Setting Vswi[V] Vswz[V]
Rzal4 NA 0.05 0.10
taon
Rzq/12 NA 0.10 0.20
Rzql4 NA 0.05 0.10
taonPD
Rzq/12 NA 0.10 0.20
Rzql4 NA 0.05 0.10
taor
Rzq/12 NA 0.10 0.20
Rzal4 NA 0.05 0.10
taorPD
Rzq/12 NA 0.10 0.20
DDR3L(1.35V) Rzq/12 Rzal2 0.20 0.25
tapc
DDR3(1.5V) Rzq/12 Rzql2 0.20 0.30

Figure 18 - Definition of taon

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

DQS,DQS#

End point: Extrapolated point at Vssq
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Figure 19 - Definition of tAONPD

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

Iq_}l taoneD

TSWZ

DQ,DM
DQS,DQSH#

End point: Extrapolated point at Vssq

Figure 20 - Definition of taor

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

taor
End point: Extrapolated point at VRTT,Nom

DQ,DM

VSSQ
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Figure 21 - Definition of taorpp
Begin point: Rising edge of CK - CK#
with ODT being first registered LOW
CK -_——
/——7) Vrr
cke —/ _——
I I AOFPD
I I End point: Extrapolated point at VRTT,Nom
VRTT,Nom
DQ,DM
DQS,DQS#
Figure 22 - Definition of tabc
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

t |
«—>| Aoe _ _ 44_>| tapc
| End point: Extrapolated point at VRr1T,Nom |
VRTT,Nom

DQ,DM
DQS,DQSH#

point at
VRTT,Nom

8 lop Current Measure Method

8.1 loo Measurement Conditions

In this chapter, IDD and IDDQ measurement conditions such as test load and patterns are defined.
Figure 23 shows the setup and test load for IDD and IDDQ measurements.

. IDD currents (such as IDDO, IDD1, IDD2N, IDD2NT, IDD2PO, IDD2P1, IDD2Q, IDD3N, IDD3P, IDD4R, IDD4W, IDD5B, IDD6,
IDD6ET, IDD6TC and IDD7) are measured as time-averaged currents with all VDD balls of the DDR3 SDRAM under test
tied together. Any IDDQ current is not included in IDD currents.

. IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all VDDQ balls of the DDR3
SDRAM under test tied together. Any IDD current is not included in IDDQ currents.

Attention: IDDQ values cannot be directly used to calculate 1/0O power of the DDR3 SDRAM. They can be used to support correlation
of simulated /O power to actual I/O power as outlined in Figure 24. In DRAM module application, IDDQ cannot be measured
separately since VDD and VDDQ are using one merged-power layer in Module PCB.

For IDD and IDDQ measurements, the following definitions apply:

. “0” and “LOW” is defined as VIN < VIL.AC(max).
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. “1" and “HIGH” is defined as VIN = VIH.AC(min).

. “FLOATING” is defined as inputs are VREF = VDD/ 2.

. “Timing used for IDD and IDDQ Measured — Loop Patterns” are provided in Table 32.

. “Basic IDD and IDDQ Measurement Conditions” are described in Table 33.

. Detailed IDD and IDDQ Measurement-Loop Patterns are described in Table 34 through Table 41.

. IDD Measurements are done after properly initializing the DDR3 SDRAM. This includes but is not limited to
setting: RON = RZQ/7 (34Q in MR1)
Qoff = Ob (Output Buffer enabled in MR1)
RTT,Nom = RZQ/6 (40Q in MR1)
RTT(WR) = RZQ/2 (120Q in MR2)
Attention: The IDD and IDDQ Measurement-Loop Patterns need to be executed at least one time before actual IDD or IDDQ
measurement is started.
. Define D = {CS#, RAS#, CAS#, WE#} = {HIGH, LOW, LOW, LOW}
. Define D# = {CS#, RAS#, CAS#, WE#} = {HIGH, HIGH, HIGH, HIGH}

Figure 23 - Measurement Setup and Test Load for Iop and Ibpqg Measurements

T T

Vop VDDQ
o—— RESET_n
O— CK_tICK_c
- DDR3 SDRAM
O0—— CKE 0, DOS Rr=25Q
DQS DOSH# | o {10 Vong2
o——| cs# DO, DM oo/

o—— | RAS#, CAS#, WE#

Oo0—— A BA
o——— ODT
o0—— Z2Q Vss Vssq

I

Note: DIMM level Output test load condition may be different from above
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Figure 24 - Correlation from Simulated Channel 1/O Power to Actual Channel /O Power Supported by Iobq Measurement

Application specific memory

lobg

channel environment Test Load
v v
Channel |0 Power Simulation Sirr:allja?tion Measlzfgment
v Correlation
)l( ) Correlation
Channel IO Power
Number
Table 32 - Timing used for Iop and Iopg 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
nRAS 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
nRRD 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
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Table 33 - Basic Ipp and lopg Measurement Conditions

Data Sheet
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4Gbit DDR3 SDRAM

Symbol

Description

Ibbo

Operating One Bank Active-Precharge Current CKE: HIGH

External Clock: On

tek, NRC, NRAS, nRCD, CL: See Table 33

BL: 8

AL: 0

CS#: HIGH between ACT and PRE

Command, Address, Bank Address Inputs: Partially toggling according to Table 34
Data I/0: MID-LEVEL

DM: Stable at 0

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 34)
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 34.

Ibb1

Operating One Bank Active-Read-Precharge Current CKE: HIGH
External Clock: On

tck, NRC, NRAS, nRCD, CL: See Table 33

BL: 8.7

AL: 0

CS#: HIGH between ACT, RD and PRE

Command, Address, Bank Address Inputs, Data 1/O: Partially toggling according to Table 35

DM: Stable at 0

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 35)
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 35

Ibp2n

Precharge Standby Current CKE: HIGH

External Clock: On

tck, CL: See Table 33

BL: 8M

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 36
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 36

IbpanT

Precharge Standby ODT Current CKE: HIGH
External Clock: On tck, CL: See Table 33

BL: 8M

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 37
Data 1/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 37

Pattern Details: Table 37

IopQanT

Precharge Standby ODT Ippg Current
Same definition like for Ibp2nt, however measuring lopg current instead of Ipp current.
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Symbol

Description

Ibb2ro

Precharge Power-Down Current Slow Exit CKE: LOW
External Clock: On tck, CL: See Table 33

BL: 8

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data I/0: 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®

IpP2P1

Precharge Power-Down Current Fast Exit CKE: LOW
External Clock: On tck, CL: See Table 33

BL: 8

AL: 0

CS#: Stable at 1

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

DM: Stable at 0

Bank Activity: All banks closed

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

Ibp2g

Precharge Quiet Standby Current CKE: HIGH
External Clock: On tck, CL: See Table 33

BL: 8W

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at 0
Data I/0: 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 33

BL: 8W

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 36
Data 1/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 36

Ibbsp

Active Power-Down Current CKE: LOW

External Clock: On tck, CL: See Table 33

BL: 8™

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 open

Output Buffer and Rrr: Enabled in Mode Registers®
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Symbol Description

Operating Burst Read Current CKE: HIGH

External Clock: On tck, CL: See Table 33

BL: 8.7

AL: 0

CS#: HIGH between RD7

Command, Address, Bank Address Inputs: Partially toggling according to Table 38

Ibbar Data 1/0: Seamless read data burst with different data between one burst and the next one according to
Table 38

DM: Stable at 0

Bank Activity: All banks open, RD commands cycling through banks: 0,0,1,1,2,2, ... (see Table 38
Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 38

Operating Burst Read Ippg Current

| | BUISL Y . .
DDQ4R Same definition like for Iopar, however measuring Iopo current instead of Ipp current.

Operating Burst Write Current CKE: HIGH

External Clock: On tck, CL: See Table 33

BL: 8

AL: 0

CS#: HIGH between WR

Command, Address, Bank Address Inputs: Partially toggling according to Table 39

Iopaw Data 1/0: Seamless write data burst with different data between one burst and the next one accordingto
Table 39

DM: Stable at 0

Bank Activity: All banks open, WR commands cycling through banks: 0,0,1,1,2,2, ... (see Table39)
Output Buffer and Rt7: Enabled in Mode Registers®

ODT Signal: Stable at HIGH

Pattern Details: See Table 39

Burst Refresh Current CKE: HIGH

External Clock: On

tck, CL NRFC: See Table 33

BL: 80

AL: 0

CS#: HIGH between REF

IbpsB Command, Address, Bank Address Inputs: Partially toggling according to Table 40
Data I/0: MID-LEVEL

DM: Stable at 0

Bank Activity: REF command every nRFC (see Table 40)
Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0

Pattern Details: See Table 40

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

Ipbe CL: See Table 33

BL: 8

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®
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Symbol Description

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 33

BL: 8@

AL: O

CS#, Command, Address, Bank Address, Data |/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

IbDeET

Operating Bank Interleave Read Current

CKE: HIGH

External Clock: On

tek, NRC, NRAS, nRCD, nRRD, nFAW, CL: See Table 33

BL: 8

AL: CL-1

CS#: HIGH between ACT and RDA

lob7 Command, Address, Bank Address Inputs: Partially toggling according to Table 41

Data 1/0: Read data bursts with different data between one burst and the next one according to Table 41
DM: Stable at 0

Bank Activity: Two times interleaved cycling through banks (0, 1, ...7) with different addressing, see Table
41

Output Buffer and Rrr: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 41

RESET Low Current

RESET: LOW

External Clock: Off

CK and CK#: LOW

CKE: FLOATING

CS#, Command, Address, Bank Address, Data 1/O: FLOATING

ODT Signal: FLOATING

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

Ibps

Note:
1. Burst Length: BL8 fixed by MRS: set MRO A[1,0] = 00b.
2.Output Buffer Enable: Set MR1 A[12] = Ob; set MR1 A[5,1] = 01b.
RTT,Nom enable: Set MR1 A[9,6,2] =011b.
RTT(WR) enable: Set MR2 A[10,9] = 10b.
3. Pecharge Power Down Mode: Set MRO A12 = 0b for Slow Exit or MRO A12 = 1b for FastExit.
4. Auto Self Refresh (ASR): Set MR2 A6 = 0b to disable or 1b to enable feature.
5. Self Refresh Temperature Range (SRT): Set MR2 A7 = Ob for normal or 1b for extended temperature range.
6. Read Burst Type: Nibble Sequential, set MRO A[3] =0b.
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Table 34 - oo Measurement-Loop Pattern®

Data Sheet

SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

_9 0 (é £ o g ol 2191 =] o > % > 1221215
o |n|5| 33 | B |¢€|e|e|F 2|5 E|E|l22|E|8
2 o e o g #* #* S|l e | = | =|=|= B
© o
0 ACT 0 0 1 1 0 0 00 0 0 0 0 -
12 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 0 -
repeat pattern 1...4 until nRAS — 1, truncate if necessary
nRAS PRE | 0 | o] 1[0 ]o]ofJo|]o|o]o]o]-
repeat pattern 1...4 until nRC — 1, truncate if necessary
0 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+3,4 | D#, D# 1 1 1 1 0 0 00 0 0 F 0 -
f-i ; repeat pattern nRC + 1...4 until 1 x nRC + nRAS — 1, truncate if necessary
& |9 1xnRC+nRAS| PRE [ 0 [ o | 1 o] o] o |oo]of[o|F ]| o] -
repeat nRC + 1...4 until 2 x nRC — 1, truncate if necessary
1 2 xnRC repeat Sub-Loop 0, use BA[2:0] = 1instead
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] = 3instead
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] = 5instead
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.

Table 35 - Ipp1 Measurement-Loop Pattern®

@} 2 pd S - o w | = > > > o
Qlm|s5] & | 2 |%l2 ||| |22 a8 &
2 o e @ 3 #* #* S e | = |=]=|= c
© o
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 0 -
3,4 D#, D# | 1 1 0 0 00 0 0 0 0 -
repeat pattern 1...4 until nRCD — 1, truncate if necessary
nRCD RO | o] 1 Jof[1]o]o]o]o]o] o] o jpooooooo
%) repeat pattern 1...4 until nRAS — 1, truncate if necessary
4 2
3%0 NRAS PRE | 0] o |1 ]o|]o]ofo|]o|]o]o]o] -
% % repeat pattern 1...4 until nRC — 1, truncate if necessary
«

T 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 -
1xnRC+34 |D#, D#| 1 1 1 1 0 0 00 0 0 F 0 -

repeat pattern nRC + 1...4 until nRC + nRCD - 1, truncate if necessary
1xnrc+nRcD| RD [ 0 [ 1 o[ 1 ] o] o]oo] o] o] F]| o Joorro011
repeat pattern nRC + 1...4 until nRC + nRAS — 1, truncate if necessary
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wn (@)
@] z >
Flaols| Eo |Slalzlolsl|lolBl5lalz2|2l2|¢9
5|81 2] 5§ =122 |a|8|8|%|e|E|2|2 |5 &
2 1™ 8 ® o s (R E R | x| A S |E|Slxle|a| %
H* 3 = 2 =
1 x nRC + nRAS PRE| O 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] = linstead
2 4 x nRC repeat Sub-Loop 0, use BA[2:0] = 2instead
3 6 x nRC repeat Sub-Loop 0, use BA[2:0] = 3instead
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] = 5instead
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.
Table 36 - Ipozn and Iopsy Measurement-Loop Pattern®
v (@)
0 c (@] lus] >
~la S Q 3 |9 > || 2212125
o |21 E | s | 3 |%|lzlalilg|slE|ElT || Bk
~ | ™ g | @& | B | Flx|¥|® | TS5 |B|2|X|e|a]|s
#* ° a =
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0
2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
» %) 1 4-7 repeat Sub-Loop 0, use BA[2:0] = 1instead
Q
o =
f-i o 2 8-11 repeat Sub-Loop 0, use BA[2:0] = 2 instead
= I
5 s
Q (9]
T 3 12 -15 repeat Sub-Loop 0, use BA[2:0] = 3instead
4 16 -19 repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 20-23 repeat Sub-Loop 0, use BA[2:0] = 5instead
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.

UnilC_Techdoc, Rev. B 2024-6 42 /89



)

Data Sheet
U IC SCB13H4Gxx0BF
ni 4Gbit DDR3 SDRAM
Table 37 - Iopznt and Iopgznt Measurement-Loop Pattern®
) 0
(@) >
2 lal & Eo | 3 |aol3a|lols|ol|B|l5l2l2|2|2|9
ol =1 r 3 < 3 ||| Z|dlolws|la9|lE|°|9o | N|z
= | ™| 3 s | 3 | * R ||l lEle|lle|la]|%
H+ S = g_ — —
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
) 1 4-7 repeat Sub-Loop 0, but ODT = 0 and BA[2:0] =1
P o
o (=2
& 2 2 8-11 repeat Sub-Loop 0, but ODT = 1 and BA[2:0] =2
5 <
Q ®
T 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 38 - Iopsr and Ippgsr Measurement-Loop Pattern®
%) Q)
@) zZ >
Zlols| €0 | § |ol2|Qls|ol2|a5l2|2212] ¢
! 3 < > > = al = © o N =~
ol a5 > o 3 Qlo | TS| |28l ala ®
& S 2 @ gg)_ #* * A=) e | = — == 8
0 RD 0 1 0 1 0 0 00| O 0 0 0 |00000000
1 D 1 0 0 0 0 0 00| O 0 0 0 -
23 D#,D#| 1 1 1 1 0 0 00| O 0 0 0 -
0 4 RD 0 1 0 1 0 0 00| O 0 F 0 |00110011
i 5 D 1 0 0 0 0 0 00| O 0 F 0 -
o g_ 6.7 D#,D#| 1 1 1 1 0 0 00| O 0 F 0 -
«Q o 2
‘% I 1 8-15 repeat Sub-Loop 0, but BA[2:0] =1
e |21 2 16—-23 | repeat Sub-Loop O, 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, cbut 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 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 39 - Ippaw Measurement-Loop Pattern®

Data Sheet

SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

@} 4 P g w >
~ |l o S =o) 3 ol 3| Qls|lolz |22 2]2 g
ola| 5| 22| F |¢|ele|T S ||| |lS|8E] &
3 S | 2o - e SlE|= |22 = s
© o
0 WR 0 1 0 0 1 0 00| O 0 0 0 00000000
D 1 0 0 0 1 0 00| O 0 0 0 -
2,3 D#,D#| 1 1 1 1 1 0 00| O 0 0 0 -
0 4 WR 0 1 0 0 1 0 00| O 0 F 0 00110011
5 D 1 0 0 0 1 0 00| O 0 F 0 -
~ éﬁ 6,7 D#,D#| 1 1 1 1 1 0 00| O 0 F 0 -
e | 3 1 815 | repeat Sub-Loop 0, but BA[2:0] = 1
& |9 2 16-23 | repeat Sub-Loop O, but BA[2:0] = 2
3 24 —31 | repeat Sub-Loop 0, but BA[2:0] =3
4 32 -39 | repeat Sub-Loop O, 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.
Table 40 - Iopse Measurement-Loop Pattern®
Q ¢ z g >
2lel g Se | 2 |gl2lglzlsl2|5|2|3|5|%|¢
2|1 ™| 8 85 | &8 | F|R|[F|F || |E|2|2le|2]|%
© o
0 0 REF 0 0 0 1 0 0 00 0 0 0 0 -
1,2 D,D 1 0 0 0 0 00 0 0 0 -
3,4 D#, D# 1 1 1 1 0 0 00 0 0 F 0 -
5-8 repeat cycles 1 — 4, but BA[2:0] =1
- E'U; 9-12 | repeatcycles 1 —4, but BA[2:0] =2
f.i g 1 13 -16 | repeatcycles 1 — 4, but BA[2:0] =3
a o) 17 —20 | repeat cycles 1 — 4, but BA[2:0] =4
- 21 -24 | repeatcycles 1 -4, but BA[2:0] =5
25-28 | repeatcycles 1 -4, but BA[2:0] =6
29— 32 | repeatcycles 1 -4, but BA[2:0] =7
2 33- anFC " | repeat Sub-Loop 1, until NRFC — 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.
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Table 41 - Iopbr Measurement-Loop Pattern®
0 ® 9 >
~laol| o o gomogogﬁ>2228
ol A r o 3 % a a m|O | N |29 |EB|lo|lo|N T
Q| m S ) 2 FlrIR|IF| TSl l8|L c
#* k=) a =
ACT 0 0 1 1 0 0 o| O -
RDA 0 1 0 1 0 0 0 0
D 1 0 0 0 0 o| O 0 -
0 repeat above D Command until NnRRD — 1
nRRD ACT 0 0 1 1 0 1 0| O 0 F 0 -
nRRD + 1 RDA 0 1 0 1 0 1 0| 1 0 F 0 | 110011
NRRD + 2 D 1 0 0 0 0 1 0| O 0 F 0 -
1 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
4 4 x nRRD D 1 0 0 0 0 3 o| O 0 F 0 -
assert and repeat above D Command until NFAW — 1, if necessary
5 nFAW repeat Sub-Loop 0, but BA[2:0] =4
6 nFAW + nRRD repeat Sub-Loop 1, but BA[2:0] =5
Ll e
8 %. 7 nFAW + 2 x nRRD repeat Sub-Loop 0, but BA[2:0] =6
«Q
= T
a g 8 nFAW + 3 x nRRD repeat Sub-Loop 1, but BA[2:0] =7
D |1]ofoJoJof7[ofoJofFfo] -
9
nFAW + 4 x nRRD assert and repeat above D Command until 2 x nFAW — 1, if necessary
2 xnFAW + 0 ACT 0 0 1 1 0 0 0| O 0 F 0 -
RDA 0 1 0 1 0 0 0| 1 0 F 0 | 110011
10 2xnFAW + 1
D 1 0 0 0 0 0 o| O 0 F 0 -
2 x nFAW + 2 repeat above D Command until 2 x nFAW + nRRD — 1
2 x nNFAW + nRRD ACT 0 0 1 1 0 1 0| O 0 0 0 -
RDA 0 1 0 1 0 1 0| 1 0 0 0 0
11 | 2 x nFAW + nRRD + 1
D 1 0 0 0 0 1 o| O 0 0 0 -
2 x nFAW + 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
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D 1 0 0 0 0 3 0| O 0 0 0 -
14 | 2 x nFAW + 4 x nRRD - -
assert and repeat above D Command until 3 x nNFAW — 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
E % 17 | 3xnFAW + 2 x nRRD | repeat Sub-Loop 10, but BA[2:0] = 6
T 18 | 3x nFAW + 3 x nRRD | repeat Sub-Loop 11, but BA[2:0] =7
p[1]ofofofof7[oJoJoJoJo] -
19 | 3 x nFAW + 4 x nRRD - -
assert and repeat above D Command until 4 x nFAW — 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.

8.2

Table 42 — lop Specifications (1.35V)

loo Specifications

IDD values are for full operating range of voltage and temperature unless otherwise noted.

Speed Grade Bin DDR3L-1866 DDR3L-2133 ]
Unit Notes
Symbol Max. Max.
thd tbd mA x8
Ibpo
78 83 mA x16
thd tbd mA x8
Ibp1
111 116 mA x16
Ipp2pP(0) SIOW exit 36 39 mA x8/x16
Ibp2p() fast exit 37 40 mA x8/x16
Ibp2n 59 64 mA x8/x16
thd tbd mA x8
IbpanT
85 89 mA x16
Ibp20 49 53 mA x8/x16
Ibpap fast exit 67 70 mA x8/x16
tbd tbd mA x8
Ibpan
92 96 mA x16
thd tbd mA x8
Ibpar
243 265 mA x16
tbd tbd mA x8
Ibpaw
245 264 mA x16
Ibbss 292 294 mA x8/x16
Ibpe 31 32 mA x8/x16
IopeeT™® 47 47 mA x8/x16
IbpsTC 46 47 mA x8/x16
tbd tbd mA x8
Ibp7
269 272 mA x16
thd tbd mA x8
Ibps
19 19 mA x16
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Note:
1. Applicable for MR2 setting A6 = Ob and A7 = Ob. Temperature range for IDD6 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 IDD6ET is 0 — 95°C at commercial temperature & industrial
temperature.

3. Some data retains the possibility of future updates.

Table 43 - lop Specifications (1.5V)

Speed Grade Bin DDR3-1866 DDR3-2133 )
Unit Notes
Symbol Max. Max.
thd thd mA x8
Ibpo
85 90 mA x16
thd thd mA x8
Iop1
119 125 mA x16
Ipb2p(0) Slow exit 40 43 mA x8/x16
Ipp2p(y) fast exit 40 43 mA x8/x16
Ibp2n 62 65 mA x8/x16
thd thd mA x8
Ibp2nT
90 94 mA x16
Ibp2g 55 59 mA x8/x16
Ippap fast exit 68 71 mA x8/x16
thd thd mA x8
Ibban
95 98 mA x16
thd thd mA x8
Ibpar
269 292 mA x16
thd thd mA x8
Ibpaw
269 289 mA x16
Ibpss 317 318 mA x8/x16
Ibps 32 32 mA x8/x16
IopeeT! 47 47 mA x8/x16
IbpeTC 47 48 mA x8/x16
thd thd mA x8
lop7
280 289 mA x16
thd Thd mA x8
Ibps
22 23 mA x16

Note:
1. Applicable for MR2 setting A6 = Ob and A7 = Ob. Temperature range for IDD6 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 IDDGET is 0 — 95°C at commercial temperature & industrial
temperature.
3.  Some data retains the possibility of future updates.
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9 Input/Output Capacitance

9.1 Input/Output Capacitance

Table 44 - 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

Inputioutput capacitance | (L5V) 14 | 30 | 14 | 27 | 1.4 | 25 | 1.4 | 23

Cio pF 1,2,3
(DQ, DM, DQS, DQS#) DDRSL 1.4 2.5 1.4 2.5 1.4 2.3 1.4 2.2
(1.35V)

Cck Input capacitance, CK and CK# 0.8 16 | 0.8 16 | 0.8 14 | 0.8 1.4 pF 2,3
Cbck Input capacitance delta, CK and CK# 0 0.15 0 0.15 0 0.15 0 0.15 | pF 2,34
Conos Input/output capacitance delta DQS and 0 0.2 0 0.2 0 0.15 0 0.15 | pF 235

DQS#
DDR3
: Input capacitance (CTRL, |(1.5V) 0.75| 14 | 075|135 |075| 1.3 [0.75| 13 oF b3t
ADD, CMD input-only pins) \DBRSL | 25 | 13 | 075 | 1.3 | 0.75 | 1.3 | 075 | 1.2
(1.35V)
CoLcre, | MUt capacitance delta (All CTRLInput- | s 5| o3 | o5 | 03 | -04 | 02 | -04 | 02 | pF | 2,378

only pins)
Input capacitance delta (All ADD/CMD
input-only pins)
Input/output capacitance delta, DQ, DM,

Coi_apb_cmp 05| 05 |-05| 05 )|-04] 04| -04| 04 pF [2,3,9,10

Coio DOS, DOS# -05(03|-05|03]|-05|]03]|-05|03]| pF | 2311
Czq 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 Vop, Vobg,
Vss, Vssq applied and all other pins floating (except the pin under test, CKE, RESET# and ODT as necessary). Voo = Vbpg =
1.35V, Veias = Vbp/2 and on-die termination off.

. This parameter applies to monolithic devices only, stacked/dual-die devices are not covered here.

. Absolute value of Cck — Ccks.

. Absolute value of Ciopgs)— Cioqgs#).

. Ciapplies to ODT, CS#, CKE, A0 — A15, BAO — BA2, RAS#, CAS#, WE#.

. Coi_ctrLapplies to ODT, CS# and CKE.

. Coi_ctrL= Cictry — 0.5 % (Cicrk) + CicLks).

. Coi_app_cmp applies to A0 — A15, BAO — BA2, RAS#, CAS# and WE#.

10. Coi_aop_cmp = Ciapp_cmp) — 0.5 x (CicLk) + CicLks).

11. Coio = Cioq, om)— 0.5 X (Ciopgs) + Ciopas#)-

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

© 00 ~NO O~ W
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1866 2133 .
Symbol Parameter - - Unit Note
Min Max Min Max
Co Input/output capacitance (DQ, | PDR3 (1.5V) 14 2.2 1.4 2.1 oF 123
DM, DQS, DQS#) DDR3L (1.35V) | 1.4 2.1 1.4 2.1 w
Ccex Input capacitance, CK and CK# 0.8 13 0.8 1.3 pF 2,3
Cbck Input capacitance delta, CK and CK# 0 0.15 0 0.15 pF 2,34
Cobaos Input/output capacitance delta DQS and DQS# 0 0.15 0 0.15 pF 2,35
- |nput Capacitance (CTRL, DDR3 (15V) 0.75 1.2 0.75 1.2
C . . pF 2,3,6
ADD, CMD input-only pins) DDR3L (1.35V) | 0.75 1.2 0.75 1.2
CorcTrL Input capacitance dgiltnas)(AII CTRL input-only 04 0.2 04 0.2 bF 23.7.8
CblAdD, CMD Input capacitance deltshgé;l ADD/CMD input-only 04 0.4 04 04 bF 2.3.9.10
Cono Input/output capacitance delta, DQ, DM, DQS, 05 0.3 05 0.3 bF 2311
DQS#
Czaq Input/output capacitance of ZQ pin - 3 - 3 pF 2,3,12
Note:

1. The DM pin loading matches DQ and DQS.

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured

according to JEP147(“Procedure for measuring input capacitance using a vec-tor network analyzer(VNA)”) with Vop, Vbbo,

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

Vop = Vbbpg = 1.35V, Vaias = Voo/2 and on-die termination off.

© ©® N o 0~

Absolute value of Cck — Ceke.
Absolute value of Ciopgs)— Ciopass).
Ciapplies to ODT, CS#, CKE, A0 — A15, BAO — BA2, RAS#, CAS#, WE#.
Coi_ctre applies to ODT, CS# and CKE.
Cpbi_ctrL = Cictre) — 0.5 x (CicLk) + CicLks).
Coi_aop_cvp applies to A0 — A5, BAO — BA2, RAS#, CAS# and WE#.

10. Coi_app_cmp = Ciapp_cmp) — 0.5 x (CicLk) + CicLk#)-

11. Cbio = Ciopq, pm)— 0.5 X (Ciopgs) + Ciopgs#)-

12. Maximum external load capacitance on ZQ pin: 5pF.
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10 Electronical Characteristics And Timing

10.1 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.

10.1.1  Definition for tckavg)

tek(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@vg)=(2tek))/N  N=200
=1

10.1.2 Definition for tck(abs)

tckebs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge. Tckbs) is not
subject to production test.

10.1.3 Definition for tcH(avg) and tcL(avg)
tcH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
Ten@g =(ter)/ (N X tekavg)) V=200
=1

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

N
TcLavg) = (Z tCLj) / (N X tCK(avg)) N=200
=1

10.1.4 Definition for tJIT(per) and tJIT(per, Ick)
tur(pen) is defined as the largest deviation of any signal tck from tckavg).
tait(per) = Min/max of {tcki — tck(avg) Where | = 1 to 200}.
Taer defines the single period jitter when the DLL is already locked.
Tarm(per, ick) uses the same definition for single period jitter, during the DLL locking period only.
Tarr(pery @and tar(per, Ick) are not subject to production test.

10.1.5 Definition for tyrcc) and taT(cc, ick)

tut(ce) is defined as the absolute difference in clock period between two consecutive clock cycles.
Tomee) = max of |{tcxi +1— texi}.

Tatee) defines the cycle to cycle jitter when the DLL is already locked.

Tamee Icky USeS the same definition for cycle to cycle jitter, during the DLL locking period only.
Tarmee) @and taiT (cc, Ick) @re not subject to production test.

10.1.6  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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10.2 Refresh Parameters By Device Density

Table 46 - Refresh Parameters by Device Density

Parameter Symbol 4Ghb Unit Note
REF command to ACT or REF commandtime trrc 260 ns -
o ] 0°C < Tcase< 85°C 7.8 us -
Average periodic refresh interval trREFI
85°C < Tcase< 95°C 3.9 us -

10.3 Standard Speed Bins

DDR3 SDRAM Standard Speed Bins include tck, trep, tre, trasand trc for each corresponding bin.

Table 47 - 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 trRcD 13.91(13.125) - ns -
PRE command period trRP 13.91(13.125) - ns -
ACT to PRE command period trAS 34 9 X trerI ns -
ACT to ACT or REF command period trc 47.91(47.125) - ns -
CWL =5 tck(avg) 25 3.3 ns 1,235
CL=6 CWL =6 tCcK(avg) Reserved - 4
CWL=7,8,9 tCK(avg) Reserved - 4
CWL=5 tCcK(avg) Reserved - 4
CL=7 CWL=6 tck(avg) 1.875 | <25 ns 1,2,345
CWL=17,8,9 fCK(avg) Reserved - 4
CWL=5 tcK(avg) Reserved - 4
cL-g CWL=6 teK(avg) 1.875 | <25 ns 1,2,35
CwWL=7 tCcK(avg) Reserved - 4
CWL =89 tCcK(avg) Reserved - 4
CWL=5,6 CK(avg) Reserved - 4
B CWL=7 tck(avg) 15 <1.875 ns 1,2,345
cL=9 CWL=8 CK(avg) Reserved - 4
CWL=9 tCK(avg) Reserved - 4
CWL =5,6 tCcK(avg) Reserved - 4
CL=10 CWL=7 tCK(avg) 15 | <1875 ns 1,2,35
CWL=8 CK(avg) Reserved - 4
CWL =5,6,7 tCK(avg) Reserved - 4
CL=11 CwL=8 tck(avg) 1.25 | <15 ns 1,2,345
CWL=9 tCK(avg) Reserved - 4
cL=13 CWL =5,6,7,8 tCK(avg) Reserved - 4
CWL=9 tCK(avg) 1.07 | <125 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 48 - 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 treFI ns -
ACT to ACT or REF command period trc 46.09 - ns -
_ CWL=5 tCK(avg) Reserved - 4
cL=5 CWL=6,7,8,9,10 tcK (ava) Reserved - 4
CWL=5 tcK(avg) 25 3.3 ns 1,2,3,6
CL=6 CWL=6 tCcK(avg) Reserved - 4
CWL =7,8,9,10 tCK(avg) Reserved - 4
CWL=5 fCK(avg) Reserved - 4
_ CWL=6 tck(avg) 1.875 <25 ns 1,2,3,6
cL=7 CwL=7 fCK(avg) Reserved - 4
CWL =8,9,10 tCcK(avg) Reserved - 4
CWL =5 tCK(avg) Reserved - 4
_ CWL=6 tcK(avg) 1.875 <25 ns 1,2,3,6
cL=8 CWL=7 fCK(avg) Reserved - 4
CWL =8,9,10 fCK(avg) Reserved - 4
CWL=5,6 fCK(avg) Reserved - 4
cL=9 CwL=7 tcK(avg) 15 <1.875 ns 1,2,3,4,6
CWL=8 tCK(avg) Reserved - 4
CWL =9,10 tCK(avg) Reserved - 4
CWL=5,6 fCK(avg) Reserved - 4
CWL=7 tcK(avg) 15 <1.875 ns 1,2,3,6
CL=10 CWL=8 CK(avg) Reserved - 4
CWL=9 tCK(avg) Reserved - 4
CWL =10 tCcK(avg) Reserved - 4
CWL =5,6,7 tCK(avg) Reserved - 4
cL=11 CwL=8 tck(avg) 1.25 <15 ns 1,2,3,6
CWL=9 fCK(avg) Reserved - 4
CWL =10 CK(avg) Reserved - 4
CWL =5,6,7,8 tcK(avg) Reserved - 4
cL=13 CWL=9 tCK(avg) 1.07 | <125 ns 1,2,36
CWL =10 tCcK(avg) Reserved - 4
_ CWL =5,6,7,8,9 tck(avg) Reserved - 4
cb=14 CWL =10 tck(avg) 0.938 | <1.07 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 -

10.3.1 Speed Bin Table Note

Note:

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

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

3. tekvgmax 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(avgymax corresponding to CL SELECTED.

4. ‘Reserved’ settings are not allowed. User must program a different value.

5. 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.

7. DDR3L-800 AC timing apply if DRAM operates at lower than 800MT/s data rate.

8.  For devices supporting optional down binning to CL = 11, CL = 9 and CL = 7, taa/trcp/trpmin must be 13.125ns. SPD setting
must be programed to match.
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11 ELECTRICAL CHARACTERISTICS AND AC TIMING

11.1 Timing Parameters for DDR3L-800, DDR3L-1066, DDR3L-1333, DDR3L-1600 Speed Bins

Table 49 - 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 unit Note
Clock Timing
Minimum clock cycle time (DLL off mode) tek(oLL_oFr) 8 - 8 | - ‘ 8 | - 8 | - ns 6
Average clock period tek(avg) See Standard Speed Bins - -
Average high pulse width teH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tek(avg) -
Average low pulse width teL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 tek(avg) -
. tek(avgmin tek(avgymax tekavgymin tek(avgymax tek(avgmin tekavgmax tekavgymin tekavgmax
Absolute clock period te(ans) + tarm(penmin + toi(penymax + trm(penmin + tuir(penmax + tarm(penmin + tirpenmax |+ tarmpenmin + tuir(penmax ps )
Absolute clock high pulse width teH(abs) 0.43 - 0.43 - 0.43 - 0.43 - tek(avg) 26
Absolute clock low pulse width teLaps) 0.43 - 0.43 - 0.43 - 0.43 - tekavg) 27
Clock period jitter Jit(per) -100 100 -90 90 -80 80 -70 70 ps -
Clock period jitter during DLL locking period tarm(per, ick) -90 90 -80 80 -70 70 -60 60 ps -
Cycle to cycle period jitter tire) 200 180 160 140 ps -
ggg(l)% to cycle period jitter during DLL locking oo, 160 180 160 140 120 ps )
Duty cycle jitter Larrdury) - - - - - - - - - -
Cumulative error across 2 cycles terr(2per) -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(per) -194 194 -175 175 -155 155 -136 136 ps -
Cumulative error across 5 cycles tErR(5per) -209 209 -188 188 -168 168 -147 147 ps -
Cumulative error across 6 cycles terr(Gper) -222 222 -200 200 -177 177 -155 155 ps -
Cumulative error across 7 cycles terR(7per) -232 232 -209 209 -186 186 -163 163 ps -
Cumulative error across 8 cycles terRr@pen -241 241 -217 217 -193 193 -169 169 ps -
Cumulative error across 9 cycles tErR(@pen -249 249 -224 224 -200 200 -175 175 ps -
Cumulative error across 10 cycles tErRR(open) -257 257 -231 231 -205 205 -180 180 ps -
54 /89
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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 terR(11pen) 263 263 -237 237 -210 210 -184 184 ps -
Cumulative error across 12 cycles terR(12pen) -269 269 -242 242 -215 215 -188 188 ps -
Cumulative error across n = 13, 14 . . . 49, 50 terRepenmin = ((1 + 0.68In(N)) X tarr(pen total min)
cycles | | e t = (1 + 0.68In(n)) X t ) P ®
ERR(nperjmax JIT(per)_total max
Data Timing
DQS,DQS# to DQ skew, per group, per acces tboso - 200 - 150 - 125 - 100 ps 13
DQ output hold time from DQS, DQS# ton 0.38 - 0.38 - 0.38 - 0.38 - tek@g | 13,0
DQ low impedance time from CK, CK# tizoq) -800 400 -600 300 -500 250 -450 225 ps |[13,15f
DQ high impedance time from CK, CK# thz(Q) - 400 - 300 - 250 - 225 ps 13,15,f
1.5V
tbs(base, AC175) 75 - 25 - - - - - ps d,18
Data setup time to DQS, DQS# referenced to| PStase. Ac1s0) 125 - 75 - 30 - 10 - ps d,18
Vinacy ViLac) levels 1.35V
tos(base, AC160) 90 - 40 - - - - - ps d,18
{bs(base, AC135) 140 - 90 - 45 - 25 - ps d,18
1.5V
Data hold time from DQS, DQS# referenced to| PHbase, bc100) 150 - 100 - | 65 - 45 - ps d,18
Vinpo/ViLpc) levels 1.35V
tbH(base, Dcao) 160 - 110 - 75 - 55 - ps d,18
DQ and DM Input pulse width for each input toipw 600 - 490 - 400 - 360 - ps 29
Data Strobe Timing
DQS, DQS# differential READ preamble treRE 0.9 Notel9 0.9 Notel9 0.9 Notel9 0.9 Note 19 | tekawg [13,20,9
DQS, DQS# differential READ preamble trpsT 0.3 Notell 0.3 Notell 0.3 Notell 0.3 Note 11 | tekavg |11,13,9
DQS, DQS# differential output high time tosH 0.38 - 0.38 - 0.40 - 0.40 - tek@avg) | 13,0
DQS, DQS# differential output low time tosL 0.38 - 0.38 - 0.40 - 0.40 - tek@avg) | 13,0
DQS, DQS# differential WRITE preamble twere 0.9 - 0.9 - 0.9 - 0.9 - tekavg) 1
DQS, DQS# differential WRITE preamble twesT 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 Note
Parameter Symbol Min Max Min Max Min Max Min Max

DQS, DQS# rising edge output access time

from rising CK, CK# tbosck -400 400 -300 300 -255 255 -225 225 ps 13f

DQS and DQS# low-impedance

time (Referenced from RL — 1) tLzoos) -800 400 -600 300 -500 250 -450 225 ps 13,15,f

DQS and DQS# high-impedance

time (Referenced from RL + BL/2) thz(oos) - 400 - 300 - 250 - 225 ps | 13,15f

DQS and DQS# differential

input low pulse width toosL 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tek@ag | 30,32

\?vi%tsh and DQS# differential input high pulse toos 0.45 0.55 0.45 0.55 0.45 0.55 0.45 055 | texa | 31,32

g(?gi' DQS# rising edge to CK, CK# rising tooss 0.25 0.25 0.25 0.25 0.25 0.25 027 027 | toxwg | ©

DQS, DQS# falling edge setup time to CK,

CK# rising edge toss 0.2 - 0.2 - 0.2 - 0.18 - tCK(avg) C,33

DQS, DQS# falling edge hold time from CK,

CK# rising edge tosH 0.2 - 0.2 - 0.2 - 0.18 - tCK(avg) c,33

Command and Address Timing

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

Internal READ command to Max ) Max ) Max 3 Max ;

PRECHARGE command delay trrp (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) nCK e

Delay from start of internal write Max ) Max ) Max ) Max ) cK 19

transaction to internal READ command twrr (4nCK, 7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) n e

WRITE recovery time twr 15 - 15 - 15 - 15 - ns e19

Mode register set command cycle time turo 4 - 4 - 4 - 4 - ncK R

: 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 tre 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 teco 4 - 4 - 4 - 4 - nCK -
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Speed DDR38L£ DR3- DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Auto-Prech it h i
uto-Precharge write recovery precharge time fontmn WR + round up (tee/texag) CK )
Multi-Purpose register recovery Time — 1 ) 1 ) 1 ) 1 ) CK 23
ACTIVE to PRECHARGE command period trns See Standard Speed Bins ] e
ACTIVE to ACTIVE command period for t Max ) Max ) Max ) Max - e
1KB page size RRD (4nCK,10ns) (4nCK,7.5ns) (4nCK,6ns) (4nCK,6ns) nCK
ACTIVE to ACTIVE command period for t Max ) Max ) Max ) Max - e
2KB page size RRD (4nCK,10ns) (4nCK,10ns) (4nCK,7.5ns) (4nCK,7.5ns) nCK
Four activate window for 1KB page size 40 - 37.5 - 30 - 30 -
teaw ns e
Four activate window for 2KB page size 50 - 50 - 45 - 40 -
teaw ns e
1.5V
tIS(base. AC175) 200 - 125 - 65 - 45 - ps b,17
Command and address setup time to CK, CK# Us(oase, AGIS0) 350 ) 275 ) 190 ) 170 i ps .17
referenced to Viynac)/ViLac) levels 135V
tIS(base, AC160) 215 - 140 - 80 - 60 - ps b,17
tIS(base. AC135) 365 - 290 - 205 - 185 - ps b,17
1.5V
Command and Address hold time from CK, CK# Uni(oase, DC100 275 j 200 j 140 j 120 i ps .17
referenced to Vinpe)/ViLoc) levels 135V
tIH(base, DC90) 285 - 210 - 150 - 130 - ps b,17
Control and Address input pulse width for
each input tipw 900 - 780 - 620 - 560 - ps 29

Calibration Timing
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eed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600
Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Max Max
S B Max (512nCK,640 ) ) Max ) ) )
Power-up and RESET calibration time tzginit ns) (512nn<;;<,640 (512nCK,640 ns) (512nnCs;<,640 nCK
Max (256nCK,320 Max (256nCK Max Max
Normal operation full calibration time tzqoper ns) - 320 ns) - (256nCK,320 ns) - (256nnCs;<,320 - nCK -
Normal operation short calibration short t Max ) Max ) Max ) Max ) 24
calibration time ZQcs (64nCK,80ns) (64nCK,80ns) (64nCK,80ns) (64nCK,80ns) nCK
Reset Timing
Max Max Max
. . 5nCK, trecmi
Exit Reset from CKE HIGH to a valid command tor  MAX (+ 10 RFCmin (5NCK, trecmin* y (5NCK, trecmin* y (5NCK, trecmin + y nCK B
ns) 10ns) 10ns) 10ns)
Self Refresh Timing
. - ) Max Max Max
E)git(esde:;fffresh to commands not requiring a tus Max (f)r]]-gKthFlen } (BNCK trecmin } (BNCK trecmin } (5NCK, trrcmin + } nCK R
ns) 10ns) 10ns) 10ns)
Exit Self Refresh to commands requiring a t N ) N ) N ) ok ) nCK )
locked DLL XSDLL DLLKmin DLLKmin DLLKmin DLLKmin
gﬂ)llrgltrlnnl:lrr? CKE low wiclth for Self refresh entry to tekesr tekemin +1NCK - tekemin +1NCK - tekemin + 1NCK - tekemin +1NCK - nCK -
g
Valid Clock Requirement after Self Refresh Entry| Max Max Max
(SRE) or Power-Down Entry (PDE) texsre  |Max (5nCK,10ns)) - - (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - nCK | -
Valid Clock Requirement before Self Refresh Max Max Max
Ei:: (SRX) or Power Down Exit (PDX) or Reset teksrx Max (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - nCK -
Power Down Timing
Exit Power Down with DLL on to any valid Max Max
command, Exit Precharge Power Down with DLL txp Max (3nCK,7.5ns) - - Max (3nCK,6ns) - - nCK -
o (3nCK,7.5ns) (3nCK,6ns)
frozen to commands not requiring a locked DLL
Exit Precharge Power Down with DLL frozen to t Max ) Max ) Max ) Max ) nCK 2
commands requiring a locked DLL XPOLL (10nCK,24ns) (10nCK,24ns) (10nCK,24ns) (10nCK,24ns)
- . Max Max Max
CKE minimum pulse width teke Max (3nCK,7.5ns) - (3nCK,5.625 ns) - (3nCK,5.625 ns) - (3nCK,5ns) - nCK -
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Speed DDRSL/DDRS- DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 .
800 Unit Note
Parameter Symbol Min Max Min Max Min Max Min Max
Command pass disable delay tcpoen 1 - 1 - 1 - 1 - nCK -
Power Down Entry to Exit Tlmlng trp tckemin 9 X trer tckemin 9 X trer tckemin 9 X trem tckemin 9 X trer nCK 16
Timing of ACT command to Power Downentry tacTPDEN 1 - 1 - 1 - 1 - nCK 21
Timing of PRE or PREA command to Power
Down entry tPRPDEN 1 - 1 - 1 - 1 - nCK 21
Timing of RD/RDA command to Power tropoEn RL+4+1 ) RL+4+1 ) RL+4+1 ) RL+4+1 | nCK )
Down entry
Timing of WR command to Power Down entry t WL + 4 + WL + 4 + WL + 4 + WL + 4 + nCK 9
WRPDEN - - -
(BLBOTF, BLBMRS, BC4OTF) (twr/tck@vg) (twr/tck@vg) (twr/tck@vg) (twr/tckavg)
Timing of WRA command to Power Downentry ) WL +4+WR + ) WL+ 4 +WR + ) WL + 4 +WR +
(BLBOTF, BL8MRS, BCAOTF) twrapoen  |WL+4+WR +1 1 1 1 nCk | 10
Timing of WR command to Power Down entry t WL+ 2+ WL + 2 + WL + 2+ WL+ 2 + nCK 9
WRPDEN - - -
(BC4MRS) (twr/tck@avg) (twr/tckavg) (twr/tckavg) (twr/tckavg)
Timing of WRA command to Power Downentry ) WL+ 2 +WR + ) WL+ 2 +WR + ) WL +2+WR +|
(BC4MRS) twRAPDEN WL+2+WR+1 1 1 1 nCK 10
Timing of REF command to Power Down entry tREFPDEN 1 - 1 - 2 - 2 - nCK | 21,22
Tlmlng of MRS command to Power Down entry tMRSPDEN tMoDbmin - tmopmin - tmobmin - tmopmin - | 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) taonePD 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 Note
Parameter Symbol Min Max Min Max Min Max Min Max
Asynchronous Ryt turn-off delay (Power-Down
with DLL frozen) taoFPD 2 8.5 2 8.5 2 8.5 2 8.5 ns -
Ryt turn-on taon -400 400 -300 300 -250 250 -225 225 ps 7, f
Rrrnom and Rrrowr) turn-off time from ODTL off taor 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tekag | 8
reference
Ryt dynamic change skew tanc 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tekavg) f
Write Leveling Timin
First DQS/DQS# rising edge after write leveling P 20 ) 20 ) 20 ) 20 ) nCK 3
mode is programmed
DQS/DQS# delay after write leveling mode is ) ) ) )
programmed twLogsen 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 fwn 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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11.2 Timing Parameters for DDR3L-1866 and DDR3L-2133 Speed Bins

Table 50 - Timing Parameters by Speed Bin

Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133 _
Parameter Symbol Min ‘ Max Min | Max unit Note
Clock Timing
Minimum clock cycle time (DLL off mode) tekoLL_oFF) 8 ‘ - 8 | - ns 6
Average clock period tekavg) See Standard Speed Bins - -
Average high pulse width teH(avg) 0.47 0.53 0.47 0.53 tekavg) -
Average low pulse width teLavg) 0.47 0.53 0.47 0.53 tek(avg) -
Absolute clock period tek(abs) +t ct:i:g::;:n +t thlilg:;n?:x +t ct;i:i;:n +t %T:‘(V;e)s;:x ps -
Absolute clock HIGH pulse width teH(abs) 0.43 - 0.43 - tek(avg) 26
Absolute clock LOW pulse width teL(abs) 0.43 - 0.43 - tek(avg) 27
Clock period jitter o (per) -60 60 -50 50 ps -
Clock period jitter during DLL locking period tarrper, 1K) -50 50 -40 40 ps -
Cycle to cycle period jitter trr(co) 120 100 ps -
gggl)ed to cycle period jitter during DLL locking| tomcee ik 100 80 ps )
Duty cycle jitter Bm(duty) - - - - - -
Cumulative error across 2 cycles terRr(2pen) -88 88 -74 74 ps -
Cumulative error across 3 cycles tERR(3per) -105 105 -87 87 ps -
Cumulative error across 4 cycles terR(4pen) -117 117 -97 97 ps -
Cumulative error across 5 cycles terR(spen) -126 126 -105 105 ps -
Cumulative error across 6 cycles terr(BpeN -133 133 -111 111 ps -
Cumulative error across 7 cycles tERR(7per) -139 139 -116 116 ps -
Cumulative error across 8 cycles tERR(per) -145 145 -121 121 ps -
Cumulative error across 9 cycles terRr@pen) -150 150 -125 125 ps -
Cumulative error across 10 cycles tERR(10pen) -154 154 -128 128 ps -
Cumulative error across 11 cycles terRR(11pen) -158 158 -132 132 ps -
Cumulative error across 12 cycles terR(12pen) -161 161 -134 134 ps -
Cumulative error across n = 13, 14 . . . 49, 50 - terr(penmin = (@ + 0.68In(n)) X tar(per)_total min)
cycles terrmpenmax = ((1 + 0.68IN(N)) X tyir(per)_total max) ps 25
Data Timing
DQS,DQS# to DQ skew, per group, per acces tboso R 85 _ 75 ps 13
DQ output hold time from DQS, DQS# ton 0.38 - 0.38 - tek(avg) 13,9
DQ low impedance time from CK, CK# tz (oq) -390 195 -360 180 ps 13,15f
DQ high impedance time from CK, CK# thz (0Q) - 195 - 180 ps 13,15,f
1.5V
_ tps(pase, Ac150) - - - - ps d,18
\?ﬁfﬁc)/ﬁl‘?:ig) Igyeﬁs 0 DQS, DQS# referenced 1 4o pusn acise 68 - 53 - ps d,18
1.35v
tps(base, AC135) ‘ 70 ‘ - | - | - ‘ ps ‘ d,18
1.5V
Data hold time from DQS, DQS# referenced to !Drase. pc100 ‘ 0 ‘ - | 55 | - ‘ ps ‘ d18
Vinacy/ Viac) levels 1.35V
tbH(base, DCoo) ‘ 75 ‘ - | - | - ‘ ps ‘ d,18
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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 29
Data Strobe Timing
DQS, DQS# differential READ preamble trrrE 0.9 Note 19 0.9 Note 19 tek@vg) | 13,20,9
DQS, DQS# differential READ preamble trpsT 0.3 Note 11 0.3 Note 11 tek@vg) | 11,13,
DQS, DQS# differential output high time tosH 0.4 - 0.38 - tek(avg) 13,9
DQS, DQS# differential output low time tosL 0.4 - 0.38 - tek(avg) 13,9
DQS, DQSs# differential WRITE preamble twere 0.9 - 0.9 - tekavg) 1
DQS, DQSs# differential WRITE preamble twesT 0.3 - 0.3 - tekavg) 1
DQS, DQS# rising edge output access time ) )
from rising CK, CK# toosck 195 195 180 180 ps 13,f
DQS and DQS# low-impedance time ) )
(Referenced from RL — 1) tLZ(DQS) 390 195 360 180 ps 13,15,f
DQS and DQS# high-impedance time ) )
(Referenced from RL + BL/2) thz(oas) 195 180 ps 13,15f
\?vgtsh and DQS# differential input low pulse foost 0.45 0.55 0.45 0.55 ek 30,32
\?w(gtsh and DQS# differential input high pulse . 0.45 0.55 0.45 0.55 toxag | 31,32
Ec(lggz’ DQS# rising edge to CK, CK# rising fooss 0.27 027 027 0.27 texag c
DQS, DQS# falling edge setup time to CK, ) )
CK# rising edge toss 0.18 0.18 tek@g | €33
DQS, DQS# falling edge hold time from CK, ) )
CK# rising edge tosH 0.18 0.18 tek@g | €33
Command and Address Timing
DLL locking time toLik 512 - 512 - nCK -
Internal READ command to PRECHARGE t Max ) Max ) nCK e
command delay RTP (4nCK,7.5ns) (4nCK,7.5ns)
Delay from start of internal WRITE transaction b Max ) Max ) nCK e 19
to internal READ command WTR (4nCK,7.5ns) (4nCK,7.5ns) '
Write recovery time twr 15 - 15 - ns e,19
MODE REGISTER SET command cycle time tmrD 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 trp See Standard Speed Bins - e
ACT to ACT or REF command period tre See Standard Speed Bins - e
CAS# to CAS# command delay tceo 4 | - ‘ 4 ‘ - nCK -
Auto-precharge write recovery precharge time toALmin WR + roundup (tre / tekavg) nCK -
Multi-Purpose register recovery time tMPRR 1 | - ‘ 1 ‘ - nCK 23
ACTIVE to PRECHARGE command period tras See Standard Speed Bins - e
ACTIVE to ACTIVE command period for 1KB t Max ) Max ) nCK e
page size RRD (4nCK,5.0ns) (4nCK,5.0ns)
ACTIVE to ACTIVE command period for 2KB t Max ) Max ) nCK e
page siz RRD (4nCK,6.0ns) (4nCK,6.0ns)
Four activate window for 1KB page size traw 27 - 25 - ns e
Four activate window for 2KB page size traw 35 - 35 - ns e
1.5V

tis(base, Ac150) - - - - ps b,17
Command and address setup time to CK, CK# |y 150 _ 135 i ps b,17
referenced to Viyac)/Viac) levels .

1.35vV
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter Symbol Min Max Min Max
tis(base, AC135) 65 - - - ps b,17
tis(base, Ac125) 150 - - - ps b,17
Command and Address hold time from CK, 1.5V
CK# referenced to Viwpcy/ViLoc) levels
tiH(base, DC100) 100 - 95 - ps b,17
1.35v
tiH(ase, DC90) 110 - - - ps b,17
Qontrol and address Input pulse width for each o 535 ) 470 ) ps 29
input
alibration Timing
Max Max
Power-up and Reset calibration time tzqinit (512nCK,640 - (512nCK,640 - nCK -
ns) ns)
Max Max
Normal operation Full calibration time tzqoper (256nCK,320 - (256nCK,320 - nCK -
ns) ns)
Normal operation short calibration short t Max ) Max ) nCK 2
calibration time ZQcs (64nCK,80ns) (64nCK,80ns)
Reset Timing
Max Max
Exit Reset from CKE High to a valid command txer (5nCK, trrcmin + - (5nCK, trrcmin - nCK -
10ns) + 10ns)
Self Refresh Timing
Exit Self Refresh to commands not requiring @ Max Max
locked DLL txs (SnCthRFCmin + - (5nCKthFCmin - nCK -
10ns) + 10ns)
Exit Self Refresh to commands requiring a t t ) ) t ) ) nCK )
|0Cked DLL -XSDLL DLLKmin DLLKmin
tl\?l)|r;|)$l:irrr;iggE low width for Self refresh entry, tekesr | tekemn + 1NCK ) teemn + 1nCK ) nCK )
Valid Clock Requirement after Self Refresh Max Max
teksre - - nCK i
Entry (SRE) or Power-Down Entry (PDE) (5nCK,10ns) (5nCK,10ns)
Valid Clock Requirement before Self Refresh Max
Exit (SRX) or Power-Down Exit (PDX) or Reset Max - - nCK -
Exit teksrx | (5nCK,10ns) (5nCK,10ns)
Power Down Timing
Exit Power Down with DLL on to any valid|
command, Exit Precharge Power Down with Max Max
DLL frozen to commands notrequiring a locked typ (3nCK,6ns) ° (3nCK,6ns) - nCK -
DLL ‘ ’
Exit Precharge Power Down with DLL frozen to Max Max
.. tXPDLL - = nCK 2
commands requiring a locked DLL (10nCK,24ns) (10nCK,24ns)
CKE minimum pulse width teke Max - Max - nCK -
(3nCK,5ns) (3nCK,5ns)
Command pass disable delay tepoeD 2 - 2 - nCK -
Power Down Entry to Exit Timing tpp tekemin 9 X trer tekemin 9 X trer) nCK 16
Timing of ACT command to Power Down entry tacTPDEN 1 - 2 - nCK 21
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit Note
Parameter Symbol Min Max Min Max
Timing of PRE or PREA commandto
Power Down entry tereDEN 1 - 2 - ncK 21
Timing of RD/RDA command to Power
Down entry tropoEN RL+4+1 - RL+4+1 - nCK -
Timing of WR command to Power Down 4 WL+ 4+ ) WL +4+ ) nCK 9
entry (BL8OTF, BL8MRS, BC4OTF) WRPDEN (twrftckave) (twr/tekave)
Timing of WRA command to Power Down t WL+ 4 +WR + ) WL+4+WR+ R 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 (twrltckavg) (twr/tck(avg)
Timing of WRA command to Power Down b WL +2+WR+ ) WL +2+WR+ ) nCK 10
entry (BC4MRS) WRAPDEN 1 1
Timi f REF dto P D
eLITr;]g ol command to Power Down — 1 ) 2 ) nCK 2122
Timing of MRS command to Power Down t t t
entry MRSPDEN MODmin - MODmin - - -
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 )
gl_DsT high time with WRITE command and ODTHS 6 ) 6 ) nCK )
Asynchronous Rrrturn-on delay (Power- )
Down with DLL frozen) taonpp 2 8.5 2 8.5 ns
Asynchronous Rrrturn-off delay (Power- )
Down with DLL frozen) taoreD 2 8.5 2 8.5 ns
Ryt turn-on taon -195 195 -180 180 ps 7, f
Rrrnomand R turn-off time from ODTL off
roforar e o taor 0.3 0.7 0.3 0.7 tekqavg) 8.f
Rrr dynamic change skew tanc 0.3 0.7 0.3 0.7 tekavg) 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 twLposen 25 25 nCK 3
Write leveling setup time from rising CK, CK# ) ) )
crossing to rising DQS/DQS# crossing tws 140 125 ps
Write leveling hold time from rising
DQS/DQS# crossing to rising CK, CK# twin 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 -

11.3 Jitter Notes

Note:

1. Unit ‘tekavg)’ represents the actual tekavg) 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(avg) + tERR@penmin.

2. These parameters are measured from a command/address signal (CKE, CS#, RAS#, CAS#, WE#, ODT, BAO, A0, Al, etc.)
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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. tarpen, tutce), 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.

3. 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. tar(pen, tuTcc), €tc.), as these
are relative to the clock signal crossing. That is, these parameters should be met whether clock jitter is present or not.

4. 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.

5. Forthese parameters, the DDR3 SDRAM device supports tararam [NCK] = RU {traram [NS]/tck(avg) [NS]}, which is in clock cycles,
assuming all input clock jitter specifications are satisfied. For example, the device will support thrp = RU {trp/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 tre = RU {tre/tck(avg)} = 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.

6. When the device is operated with input clock jitter, this parameter needs to be derated by the actual terrmpen), 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(mpen),actmin = - 172ps and terrmper),actmax = +
193ps, then tpbgsck,min(derated) = tbQsck,min — tERR(mpen),actmax = - 400ps — 193ps = - 593ps and tpgsck max(derated) = tDQSCK,max -
tERR(mper),act,min = 400ps + 172ps = + 572ps. Similarly, t.z(;pg) for DDR3L-800 derates to tLzpg),min(derated) = - 800ps — 193ps = -
993ps and tLz(pq),max(derated) = 400ps + 172ps = + 572ps. (Caution on the min/maxusage).

Note that terr(mper),actmin iS the minimum measured value of terrppery Where 2 < n < 12, and terr(mpen),actmax iS the maximum
measured value of terr(nper) Where 2 < n <12.

7. When the device is operated with input clock jitter, this parameter needs to be derated by the actual turen, 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 tck(avg),act = 2500p3, tam(per),act,min = - 72ps and taT(pen),actmax = + 93ps, then tRPRE, min(derated) = tRPRE,min + 1JIT(per),act,min
= 0.9 X tckavg).act + tampen,actmin = 0.9 X 2500ps — 72ps = + 2178ps. Similarly, toH,min(derated) = toH,min + taiT(per),actmin = 0.38 X
tek(avg),act + tart(pen),actmin = 0.38 X 2500ps — 72ps = + 878ps. (Caution | min/max usage.)

11.4 Timing Parameter Notes

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

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

3. The max values are system dependent.

4. WR as programmed in mode register.

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

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

7. For definition of Rrrturn-on time taon.

8. For definition of Ryt turn-off time taor.

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

10. WRin clock cycles as programmed in MRO.

11. The maximum READ postamble is bound by tbgsckmin plus tgsHmin 0N the left side and tHzpos)max On the right side. See “Clock
to data strobe relationship”.

12. 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.

13. Value is only valid for Ronza.

14. Single-ended signal parameter.

15. treridepends on Toper.

16. tistase) 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(oc) = VRerpQ(DC). FOr input only pins except RESET#, Vrerpc) = Vrercapc). See “Address/ Command
Setup, Hold and Derating” in Section 11.5.

17. tos(hase) and toHpase) Values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, DQS# differential slew rate. Note for DQ
and DM signals, Vrerpc) = Vrerpo(oc). For input only pins except RESET#, Vrer(oc) = VRercapc). See “Data Setup, Hold and
Slew Rate Derating” in Section 11.6.

18. 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.
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19. The maximum READ preamble is bound by tizpgs)min On the left side and togsckmax 0n the rightside.

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

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

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

23. One ZQCS command can effectively correct aminimum of 0.5% (ZQ Correction) of Ron and Rrrimpedance 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
(Tsens x Tdriftrate) + (VSens xV driftrate )

where Tsens = max (dRrrdT, dRondTM) and Vsens = max (dRyrdV, 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

(1.5 x 1) + (0.15 x 15)

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

25. tch(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

26. tcu(abs)is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

27. The tispase, Ac150) Specifications are adjusted from the tispase) 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].

28. 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).

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

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

31. tosH, act + toqsL, act = 1tck, act With txvz, act being the actual measured value of the respective timing parameter in the application.

32. tosH, act + toss, act = lick, act With txvz, act being the actual measured value of the respective timing parameter in the application.

=0.133 = 128ms

UnilC_Techdoc, Rev. B 2024-6 66 / 89



)

UnilC

Data Sheet
SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

11.5 Address/Command Setup, Hold and Derating

For all input signals the total tis (setup time) and tix (hold time) required is calculated by adding the datasheet tisiase) and tinase)
value (see Table 51) to the Atis and Atn derating value (see Table 53) 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 Vrerpoc) and the first
crossing of Vinacmin. Setup (tis) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrerpc) and the first crossing of ViLiacymax. If the actual signal is always earlier than the nominal slew rate line between shaded
“Vrerpc) to AC region’, use nominal slew rate for derating value (see Figure 25). If the actual signal is later than the nominal
slew rate line anywhere between shaded “Vrerpc) to AC region’, the slew rate of a tangent line to the actual signal from the
AC level to Vrerpo) level is used for derating value (see Figure 27).

Hold (ti+) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpcmax and the first
crossing of Vrerpc). Hold (ti+) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vinpoymin @and the first crossing of Vrerpo). 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 26). 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 VREF(DC) level is used for derating value (see Figure 27).

For a valid transition the input signal has to remain above/below ViniLac) for some time tvac (see Table 60). 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 Viniiac). For slew rates in
between the values listed in Table 53, 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 51- ADD/CMD Setup and Hold Base-Values for 1V/ns (1.35V)

Symbol Reference |DDR3L-800 DlD&%L' D1D3I:2333L- Dng)%L' Dnge?%L' DZDFS%L' Unit
tis(base, AC160) VIHIL(AC) 215 140 80 60 - - ps
tis(base, AC135) VIHIL(AC) 365 290 205 185 65 60 ps
lis(base, AC125) VIH/L(AC) - - - - 150 135 ps
tiH(base, DC90) VIH/L(DC) 285 210 150 130 110 95 ps

Note:

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

2.The tispase, Ac135) Specifications are adjusted from the tispase, aci60) Specification by adding an additional 125ps for
DDRS3L- 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 tisase, 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 52 - 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(base, AC175) VIH/L(AC) 200 125 65 45 - - ps
tis(base, AC150) VIHIL(AC) 350 275 190 170 - - ps
tis(base, AC135) VIHIL(AC) - - - - 65 60 ps
tis(base, AC125) VIH/L(AC) - - - - 150 135 ps
tiH(base, DC90) VIH/L(DC) 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.

UnilC_Techdoc, Rev. B 2024-6

67 /89




)

UnilC

Data Sheet

SCB13H4Gxx0BF
4Gbit DDR3 SDRAM

Table 53 - Derating value DDR3L-800/1066/1333/1600 tis/tin— AC/DC based AC160 Threshold (1.35V)

Atis, Atnderating in [ps] AC/DC based
AC160 Threshold -> Vinac) = Vreroce) + 160mV, ViLiac) = Vrerpc) —160mV

CK, CK# Differential Slew Rate

4.0VIns 3.0V/ns 2.0VIns 1.8V/ins 1.6V/ns 1.4VIns 1.2Vins 1.0V/ns
Atis | Atin | Altis | Aty | Atis | Atin | Atis | Atin | Atis | Atin | Atis | Atin | Atis | Atin | 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
0.9 -1 -3 -1 -3 -1 -3 7 5 15 13 23 | 21| 31| 31 39 | 47
CMD/ADD
Slew Rate 0.8 -3 -8 -3 -8 -3 -8 5 1 13 9 21 17 | 29 | 27 37 | 43
V/ns
0.7 -5 -13 | -5 -13 | -5 | -13 3 -5 11 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

able 54 - Derating value DDR3L-800/1066/1333/1600 tis/tii— AC/DC based Alternate AC135 Threshold (1.35V)

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

CK, CK# Differential Slew Rate

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

2.0 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

0.9 2 -3 2 -3 2 -3 10 5 18 | 13 | 26 | 21 | 34 | 31 | 42 | 47

CMD/ADD
Slew Rate 0.8 3 -8 3 -8 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
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Table 55 - Derating value DDR3L-1866/2133 tis/tii— AC/DC based Alternate AC125 Threshold (1.35V)

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

CK, CK# Differential Slew Rate

4.0VIns 3.0V/ns 2.0VIns 1.8V/ins 1.6V/ns 1.4V/ns 1.2Vins 1.0V/ns
Atis | At | Atis | Atv | Alis | Atin | Alis | At | Alis | AtiH | Alis | AtiH | Atis | AtiH | Atis | At
20 | 63 | 45| 63 | 45 | 63 | 45| 71 | 53 | 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
0.9 3 -3 3 -3 3 3| 11 5 19 | 13 | 27 | 21 | 35 | 31 | 43 | 47
CMD/ADD
Slew Rate 0.8 6 -8 6 -8 6 -8 | 14 1 22 9 30 | 17 | 38 | 27 | 46 | 43
V/ns
07 | 10| -13| 10 | -13 | 10 | -13| 18 | -5 | 26 3 34 | 11 | 42| 21 | 50 | 37
06 | 16 | -20| 16 | -20 | 16 | -20 | 24 | -12 | 32 | 4 40 | -4 | 48 | 14 | 56 | 30
05 | 15| -30| 15| -30| 15| -30| 23 | -22| 31 |-14| 39 | -6 | 47 | 4 55 | 20
04 | 13| -45| 13 | 45| 13 | 45| 21 | -37| 29 | -29 | 37 | -21 | 45 | -11 | 53 5
Table 56 - Derating value DDR3-800/1066/1333/1600 tis/tii— AC/DC based AC175 Threshold (1.5V)
Atis, Atnderating in [ps] AC/DC based
AC175 Threshold -> Vinac) = Vrerpce) + 175mV, ViLiac) = VRerpc) —175mV
CK, CK# Differential Slew Rate
4.0Vins 3.0V/ns 2.0Vins 1.8Vins 1.6V/ns 1.4Vins 1.2Vins 1.0V/ins
Atis | Atin | Atis | At | Atis | Atin | Atis | Atin | Atis | At | Atis | Atin | Atis | Atin | Atis | AtiH
20 | 88 | 50 | 88 | 50 | 88 | 50 | 96 | 58 | 104 | 66 | 112 | 74 | 120 | 84 | 128 | 100
15 | 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
09 | -2 -4 | -2 -4 | -2 -4 6 4 14 | 12 | 22| 20 | 30 | 30 | 38 | 46
CMD/ADD
Slew Rate 08| 6 |-10| 6 |-10| -6 | -10| 2 -2 10 6 18 | 14 | 26 | 24 | 34 | 40
Vins
07 |-11| -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
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Table 57 - Derating value DDR3-800/1066/1333/1600 tis/tin— AC/DC based AC150 Threshold (1.5V)

Atis, Atnderating in [ps] AC/DC based
Alternate AC150 Threshold -> Vinac) = Vrerpc) + 150mV, ViLac) = Vrerpc) —150mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0V/ins
Atis | At | Atis | At | Alis | At | Atis | Atin | Atis | Atin | Atis | Atin | 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 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
0.9 0 -4 0 -4 0 -4 8 4 16 | 12 | 24 | 20 | 32 | 30 | 40 | 46
CMD/ADD
Slew Rate 0.8 0 10| O -:10( O -10| 8 -2 16 6 24 | 14 | 32 | 24 | 40 | 40
Vins
0.7 0 16| O -16 | O -16 | 8 -8 16 0 24 8 32 | 18 | 40 | 34
0.6 1|26 -1 |-26|-11|-26]| 7 -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
Table 58 - Derating value DDR3-1866/2133 tis/tii— AC/DC based AC135 Threshold (1.5V)
Atis, At derating in [ps] AC/DC based
Alternate AC135 Threshold -> Vinac) = Vrerpc) + 135mV, ViLac) = Vrer(pc) —135mV
CK, CK# Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0V/ins
Atis | Atin | Altis | Aty | Atis | Ativ | Atis | Atin | Atis | Atin | Atis | Ativ | Atis | Atin | Atis | At
2.0 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
0.9 2 -4 2 -4 2 -4 110 4 18 | 12 | 26 | 20 | 34 | 30 | 42 | 46
CMD/ADD
Slew Rate 0.8 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 41 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
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Table 59 - Derating value DDR3-1866/2133 tis/tii— AC/DC based AC125 Threshold (1.5V)

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

CK, CK# Differential Slew Rate

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

Atls | Atin | Atis | At | Altis | Atin | Atis | Atin | Atis | At | Atis | Atin | 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

0.9 4 -4 4 -4 4 4 | 12 4 20 | 12 | 28| 20 | 36 | 30 | 44 | 46
CMD/ADD

Slew Rate 0.8 6 -10 6 -10 6 -10 | 14 -2 22 6 30 14 38 24 46 40
Vins

07 |11 |-16| 11 | -16| 11 | -16| 19 | -8 | 27 0 35| 8 43 | 18 | 51 | 34

06 | 16 | -26 | 16 | -26 | 16 | -26 | 24 | -18 | 32 | -10 | 40 | -2 | 48 8 56 | 24

05| 15| -40| 15| 40| 15| 40| 23 | -32| 31 | -24| 39 | -16 | 47 | -6 | 55 | 10

04 | 13| 60| 13 | 60| 13 | 60| 21 | -52| 29 | 44| 37 | -36 | 45 | -26 | 53 | -10

Table 60 - Required minimum time tvac above Vinac) {below Viac)} for valid ADD/CMD transition (1.35V)

DDR3 DDR3L
800/1066/1333/1600 1866/2133 800/1066/1333/1600 1866/2133
Slew Rate [V/ns]
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 Vi ac) level and falling input signal shall become equal to or

less than Viac) level.
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Figure 25 - lllustration of nominal slew rate and tvac for setup time tis (for ADD/CMD with respect to clock)
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Figure 26 - lllustration of nominal slew rate for hold time tin (for ADD/CMD with respect to clock)
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Figure 27 - lllustration of tangent line for setup time tis (for ADD/CMD with respect to clock)
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Figure 28 - lllustration of tangent line for hold time ti1 (for ADD/CMD with respect to clock)
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11.6 Data Setup, Hold and Slew Rate Derating

For all input signals the total tbs (setup time) and toH (hold time) required is calculated by adding the data sheet tosase) and toH(ase)
valuesto the Atos and Aton derating value respectively.

Example: tos (total setup time) = tDs(base) + Atps.

Setup (tos) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the
first crossing of Vinacmin. Setup (tos) 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 ViLiacymax (see Figure 29). If the actual signal is always earlier than the nominal slew rate
line between shaded “Vrerpc) 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 ‘Vrerpc) 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 31).

Hold (ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpcmax and the first
crossing of Vrerpc). Hold (ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
ViHpeoymin @and the first crossing of Vreroc) (see Figure 30). 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 Vrerpc) region’, the slew rate of a tangent line to the actual signal
from the DC level to Vreroc) level is used for derating value (see Figure 32).

For a valid transition the input signal has to remain above/below ViniL(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 VniL(ac) at the time of the rising clock transition)
a valid input signal is still required to complete the transition and reach VinnLc).

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 61 - Data Setup and Hold Base-Values (1.35V)

Symbol Reference | DDR3L-800 |IDDR3L-1066DDR3L-1333DDR3L-1600DDR3L-1866DDR3L-2133| Unit | Note
t VIHIL(AC) 90 40 2
DStbase, SR = 1V/ns - ; - - ps
AC160)
tos(base, AC135) S;"Z/Ll(’\*f/%s 140 90 45 25 - - ps | 2
tDSs(base, AC130) s;e/ IZII_Z(A\}(;)r]s - - - - 70 55 ps 1
tDH(base, DC90) SI\?/ IZ/LZ(%(;)ns - - - - 75 60 ps 2
toH(base, DCS0) s;a/ oo | 160 110 75 55 ; - ps | 1
Table 62 - Data Setup and Hold Base-Values (1.5V)
Symbol | Reference| DDR3-800| DDR3-1066| DDR3-1333| DDR3-1600| DDR3-1866| DDR3-2133| Unit| Note
tbs(base, AC175) VIHIL(AC) 75 25 - - - - ps 2
' SR = 1V/ns
VIH/L(AC) R -
tbs(base, AC150) SR = 1V/ns 125 75 30 10 ps 2
VIHIL(AC) ) )
tbs(base, AC135) SR = 1V/ns 165 115 60 40 ps 2,3
tDS(base, AC135), Sl;/li/l_Z(/:/C/)r]s - - - - 68 53 ps 1
toH(base, DC100) s;elli/Ll(E\)/(;)ns 150 100 65 45 - - ps | 3
{DH(base, DC100) S\R/IZ/LZ(E\);)”S - - - - 70 55 ps 1

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. Optional in DDR3L SDRAM.
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Table 63 - Derating values for DDR3L-800/1066 tps/ton— (AC160) (1.35V)

AC160 Threshold-> Vinac) = Vrerpc) + 160mV, ViLac) = Vrerpc) — 160mV
DQS, DQS# Differential Slew Rate
DDR3L 4.0V/ns 3.0V/ns 2.0V/ins 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0V/ins
Atps| AtpH| Atps | AtpH| Atps| Aton| Atps| Aton| Atps| Atpn| Atps| Aton| Atps | Aton| Atps| AtopH
20 | 80 45 80 45 80 45 - - - - - - - - - -
15| 53 30 53 30 53 30 61 38 - - - - - - - -
10| 0 0 0 0 0 0 8 16 16 - - - - - -
S'|3eQW 09| - - a4 | 3| 1] 3] 7 5 | 15 | 13 | 23 | 21| - - - -
Rate | 0-8 - - - - -3 -8 5 1 13 9 21 | 17 | 29 27 - -
Vins | 0.7 - - - - - - 3 -5 11 3 19 11 27 21 35 37
0.6 - - - - - - - - 8 -4 16 4 24 14 32 30
05| - - - - - - - - - - 4 | 6| 12 | 4 | 20| 20
04 | - - - - - - - - - - - - | 8 ] -11] 0 5
Note:
1. Cell contents which is ‘-’ are defined as ‘notsupported’.
Table 64 - Derating values for DDR3L-800/1066/1333/1600 tos/tor— (AC135) (1.35V)
AC135 Threshold-> Vinac) = Vrerpc) + 135mV, ViLac) = Vrerpc) — 135mV
DQS, DQS# Differential Slew Rate
DDR3L 4.0Vins 3.0V/ins 2.0V/ns 1.8Vins 1.6Vins 1.4VIns 1.2V/ns 1.0Vins
Atps| AtpH| Atps| Atpn| Atps| AtpH| Atps| AtpoH| Atps| Aton| Atps| Aton| Atps | Atpn| Atps| Atow
20 | 68 45 68 45 68 45 - - - - - - - - - -
15| 45| 30 | 45 30 | 45 | 34 | 53 | 38 - - - - - - - -
1.0 0 0 0 0 0 8 16 16 - - - - - -
Sﬁ’gv 09| - | - 3| 2| 3|10|5 |18]13|2 |21 - | - | - | -
Rate | 08 | - - - - 3 | 8| 11| 1| 19| 9 | 27|17]| 3 | 27| - -
Vins | 0.7 - - - - - - 14 -5 22 3 30 11 38 21 46 37
0.6 - - - - - - - - 25 -4 33 4 41 14 49 30
05| - - - - - - - - - - 29 | 6| 37 | 4 | 45| 20
04| - - - - - - - - - - - - 30 -11 | 38 5
Note:

1. Cell contents which is ‘-’ are defined as ‘not supported'.
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AC135Threshold -> Vinac) = Vrerpc) + 135mV, ViLac) = Vrerpc) —135mV
DC100Threshold -> Viipc) = Vreroc) + 100mV, ViLc) = Vrer(pc) —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 1.8Vins 1.6V/ns 1.4Vins 1.2Vins 1.0V/ns
Atps| Atpr| Atps| Atpn| Atps | Atpn | Atps| Atpn| Atps| AtpH| Atps | Aton | Atps | Aton | Atps | Atpn | Atps | Aton | Atps | Atow Atps | Atpn | Atps | Aton

40 | 34 25 34 25 34 25 - - - - - - - - - - - - - - - - - -
35 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 - - - - - - - - - - - -
oo 201 - - - -l ool o] ol|o]|oO 0 o | ol o - - - - - - - - - -
Slew |15 | - - - - - - |23 |7 |23 | 17| 23 | a7 | 23| 17 | 15| 9 | - - - - - - - -
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 | a5 | 51 | 37 | 43 | 29 | -33 | -21 | -17

0.6 - - - - - - - - - - - - - - - - -43 | -61 | -35 -53 -27 -43 | -19 | -27

05 | - - - - - - - - - - - - - - - - - - | 30| 66 | -31 | 56 | -23 | -40

04 | - - - - - - - - - - - - - - - - - - - - 36 | -76 | -30 | -60

Note:

1. Cell contents which is ‘-’ are defined as ‘not supported'.
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AC175 Threshold-> Viiac) = Vrerpc) + 175mV, ViLac) = Vrerpc)— 175mV
DQS, DQS# Differential Slew Rate
DDR3 4.0Vins 3.0V/ns 2.0Vins 1.8V/ns 1.6Vins 1.4Vins 1.2V/ns 1.0V/ns
Atps| Atpn| Atps| Atpn| Atos| Aton| Atps| Aton| Atps| Aton| Atps| Atpr| Atps| AtoH| Atps| Aton
2.0 | 88 50 88 50 88 50 - - - - - - - - - -
15| 59 34 59 34 59 34 67 42 - - - - - - - -
DO 1.0 0 0 0 0 0 0 8 16 16 - - - - - -
Slew 0.9 - - -2 -4 -2 -4 6 4 14 12 22 | 20 - - - -
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| - - - - - - - - - - | 1116 2 | 6| 5 | 10
04| - | - - - - - - - - - - | - | 30| -26| 22 -10
Table 67 - Derating values for DDR3-800/1066/1333/1600 tos/toH— (AC150) (1.5V)
AC150 Threshold-> Viiac) = Vrerpc) + 150mV, ViLac) = Vrerpc) — 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0Vins 3.0V/ns 2.0VIns 1.8V/ns 1.6Vins 1.4Vins 1.2V/ns 1.0V/ns
Atps| Atpu| Atps| Atpu| Atps| Atpn| Atps| Atpn| Atps| AtpH| Atps| AtpH Atps| Atpn| Atps| AtpH
20| 75 50 75 50 75 50 - - - - - - - - - -
1.5 | 50 34 50 34 50 34 58 42 - - - - - - - -
1.0 0 0 0 0 0 8 8 16 16 - - - - - -
bQ 0 4
Slew 0.9 - - -4 - 8 4 16 12 24 20 - - - -
Rate 0.8 - - - - 0 -10 8 -2 16 6 24 | 14 32 24 - -
Vs 07 - | - | - | - | -] - |8 | -8|16| 0 | 2|8 3|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
able 68 - Derating values for DDR3-800/1066/1333/1600 tos/ton— (AC135) (1.5V)
AC150 Threshold-> Viiac) = Vrerpc) + 150mV, ViLac) = Vrerpc) — 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0Vins 3.0V/ns 2.0VIns 1.8V/ns 1.6Vins 1.4Vins 1.2V/ns 1.0V/ns
Atps| Atpn| Atps| Atpn| Atos| Aton| Atps| Aton| Atps| Aton| Atps| Ator| Atps| AtoH| Atps| Aton
2.0 | 68 50 68 50 68 50 - - - - - - - - - -
15| 45| 34 | 45 | 34 | 45| 35 | 53 | 42 | - - - - - - - -
1.0 0 0 0 0 0 8 16 16 - - - - - -
bQ 2 4
Slew 0.9 - - -4 - 10 4 18 12 26 | 20 - - - -
Rate 0.8 - - - - 3 -10 11 -2 19 6 27 14 35 24 - -
Vins 0.7 - - - - - - 14 -8 22 0 30 8 38 18 46 34
0.6 - - - - - - - - 25 -10 33 -2 41 8 49 24
05| - | - - - - - - - - - | 29 |-16| 37 | -6 | 45 | 10
04| - | - - - - - - - - - - | - | 3 | -26| 38| -10
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Table 69 - Derating values for DDR3-1866/2133 tps/toH— (AC135) (1.5V)

Data Sheet

SCB13H4Gxx0BF
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AC135Threshold -> Vinac) = Vrerpc) + 135mV, ViLac) = Vrerpc) —135mV
DC100Threshold -> Viipc) = Vreroc) + 100mV, ViLc) = Vrer(pc) —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 1.8Vins 1.6V/ns 1.4Vins 1.2Vins 1.0V/ns
Atps| Atpr| Atps| Atpn| Atps | Atpn | Atps| Atpn| Atps| AtpH| Atps | Aton | Atps | Aton | Atps | Atpn | Atps | Aton | Atps | Atow Atps | Atpn | Atps | Aton

40 | 34 25 34 25 34 25 - - - - - - - - - - - - - - - - - -
35 | 29 | 21 | 290 | 21 | 29 | 21 |29 | 21 | - | - - - - - - - - - - - - - - -
30 | 23 |17 | 23 | 17 | 23 | 17 | 23 | 17 | 23 | 17 | - - - - - - - - - - - - - -
25 | - - |14 |10 |14 | 10 | 14 |10 |14 | 10 | 14 | 10 | - - - - - - - - - - - -
oo 201 - - - -l ool o] ol|o]|oO 0 o | ol o - - - - - - - - - -
Slew |15 | - - - - - - |23 |7 |23 | 17| 23 | a7 | 23| 17 | 15| 9 | - - - - - - - -
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 | a5 | 51 | 37 | 43 | 29 | -33 | -21 | -17

0.6 - - - - - - - - - - - - - - - - -43 | -61 | -35 -53 -27 -43 | -19 | -27

05 | - - - - - - - - - - - - - - - - - - | 30| 66 | -31 | 56 | -23 | -40

04 | - - - - - - - - - - - - - - - - - - - - 36 | -76 | -30 | -60
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Table 70 - Required time tvac above Vinac) {below ViLiac)} for valid DQ transition

DDR3 (1.5V) DDR3L (1.35V)

sft\g 800/1066 fggg}fggg fggé}fggé 1866 2133 | 800/1066 fggg}fggg 1866 2133 Unit

[V/ns]
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:

Rising input signal shall become equal to or greater than Vinac) level and falling input signal shall become equal to or
less than ViLac) level.
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Figure 29 - lllustration of nominal slew rate and tvac for setup time tos (for DQ with respect to strobe)
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Figure 30 - lllustration of nominal slew rate for hold time ton (for DQ with respect to strobe)
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Figure 31 - lllustration of tangent line for setup time tps (for DQ with respect to strobe)
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Figure 32 - lllustration of tangent line for hold time tpn (for DQ with respect to strobe)
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