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1 Features

®  Power supply: Vop = Vbpg = 1.35V (1.283V - 1.45V) ® Programmable CAS (WRITE) latency (CWL)

® Backward compatible to VDD = VDDQ = 1.5V + ®  Fixed burst length (BL) of 8 and burst chop (BC) of
0.075v 4 (via the mode register set [MRS])

® Supports DDR3L devices to be backward ® Selectable BC4 or BL8 on-the-fly (OTF)
compatible in 1.5V application ®  Self refresh mode

® Package: 96-Ball FBGA (x16) ®  Average refresh period:

® Array configuration: 8 Banks -7.8us at 0°'C < TCASE <85C

®  38n-Bit prefetch architecture -3.9us at 85°C <TCASE < 95C

® Differential clock inputs (CK, CK#) ® JEDEC JESD79-3F compliant

®  Nominal and dynamic on-die termination (ODT) for ®  RoHS compliant
data, strobe, and mask signals ®  Operating case temperature:

® Programmable CAS (READ) latency (CL) -Commercial (OC < TC < +95°C)

® Programmable posted CAS additive latency (AL) -Industrial (-40°C < TC < +95°C)

Note:

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 2Gbit DDR3L SDRAM component generation. Availability depends on
application needs.

Table 1 - Ordering Information for 2Gbit DDR3L Component

UnilC Part Number x:gﬁil:g; org g?esn_ggsDRP Speed Sort Name Package
Commercial Temperature Range (0°C ~ +95°C)

SCB13H2G160FF-11M 933MHz X16 (13-13-13 DDR3L-1866M PG-FBGA-96
SCB13H2G160FF-09N 1066MHz X16 |14-14-14 DDR3L-2133N PG-FBGA-96
Industrial Temperature Range (-40°C ~ +95°C)

SCB13H2G160FF-11MI 933 MHz X16 |13-13-13 DDR3L-1866M PG-FBGA-96
SCB13H2G160FF-09NI 1066 MHz X16 |14-14-14 DDR3L-2133N PG-FBGA-96

1)
2)
3)
4)
5)

For detailed information regarding product type of UnilC please see chapter "Product Nomenclature" of this data sheet.

CAS: Column Address Strobe.

RCD: Row Column Delay.

RP: Row Precharge.

RoHS Compliant Product: Restriction of the use of certain hazardous substances (RoHS) in electrical and electronic equipment as
defined in the directive 2002/95/EC issued by the European Parliament and of the Council of 27 January 2003. These substances include
mercury, lead, cadmium, hexavalent chromium, polybrominated biphenyls and polybrominated biphenyl ethers. For more information
please visit http://www.unisemicon.com/

UnilC Techdoc, Rev. B 2024-6 5/96
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1.2 Address Table

Table 2 — Address Table

Parameter 128Mb x 16
Number of Banks 8

Bank Address BAO - BA2
Auto Precharge A10/AP

BC Switch on the fly A12/BC#
Row Address A0 - A13
Column Address AO - A9
Page Size(1) 2KB

Note:

1.Page size is the number of bytes of the data delivered from the array to the internal sense amplifiers when an ACTIVE command is
registered. Page size is per bank, calculated as follows:
Page size = 2COLBITS x ORG / 8
(COLBITS = the number of column address bits;ORG = the number of I/O (DQ) bits)

UnilC Techdoc, Rev. B 2024-6 6/96
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Package Information

2.1 Package 96-Ball FBGA (x16)

Figure 1 - Package 96-Ball FBGA (x16)
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3 Ball Assignments

3.1 96-Ball FBGA (x16) Ball Assignments

Figure 2 - 96-Ball FBGA (x16) Ball Assignments
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3.2 Ball Description

Table 3 — Ball Functional Description

Symbol

Type

Function

CK, CK#

Input

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

CKE

Input

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

CS#

Input

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

oDT

Input

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

RASH#,
CAS#
WE#

Input

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

DM

Input

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

BAO - BA2

Input

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

A0 —-A13

Input

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

A10/AP

Input

Auto Precharge: A10 is sampled during READ/WRITE commands to determine whether auto
precharge should be performed to the accessed bank after the READ/WRITE operation. (HIGH:
auto precharge; LOW: No auto precharge) A10 is sampled during a PRECHARGE command to
determine whether the precharge applies to one bank (A10 LOW) or all banks (A10 HIGH). If
only one bank is to be precharged, the bank is selected by bank addresses.

A12/BC#

Input

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

RESET#

Input

Active LOW Asynchronous Reset: Reset is active when RESET# is LOW, and inactive when
RESET# is HIGH. RESET# must be HIGH during normal operation. RESET# is a CMOS rail-to-
rail signal with DC HIGH and LOW at 80% and 20% of Voo, i.e., 1.2V for DC HIGH and 0.3V for
DC LOW.

DQ, DQL, DQU

/O

Data Input/Output: Bi-directional data bus.

DQS, DQSH#
DQSL, DQSL#
DQSU, DQSU#

/0

Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered
in write data. For the x16, DQSL corresponds to the data on DQL0-DQL7, DQSU corresponds
to the data on DQUO-DQU7. The data strobe DQS, DQSL and DQSU are paired with differential
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.

Vbbq

Supply

DQ Power Supply: DDR3L operation = 1.283 to 1.450V; DDR3 operation = 1.425 to 1.575V.

Vsso

Supply

DQ Ground

UnilC Techdoc, Rev. B 2024-6
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Symbol Type [Function
Vop Supply |Power Supply: DDR3L operation = 1.283 to 1.450V; DDRS3 operation = 1.425 t01.575V.
Vss Supply [Ground
VREFDQ Supply |Reference Voltage for DQ
VREFCA Supply |Reference Voltage for CA
ZQ Supply [Reference Pin for ZQ Calibration
Note:

1. Inputonly pins (BAO - BA2, A0 — A13, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.

UnilC Techdoc, Rev. B 2024-6 10/96
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Functional Block Diagrams

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

Figure 3 - 128 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
Vop Voltage on Vop pin relative to Vss -04~138 \% 1.3
VbbQ Voltage on Vbpgq pin relative to Vss -04~18 \% 1.3
VN, Vout Voltage on any pin relative to Vss -04~18 \% 1
Tstc 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. Vop and Vppg must be within 300mV of each other at all times, and Vrer must not be greater than 0.6 x Vppg, when Vpp and Vppg are
less than 500mV, Vrer 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 \Y 1,2,3,4,5,6
Vop Supply voltage

DDR3 1.425 15 1.575 \Y 1,2

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

DDR3 1.425 15 1.575 \Y 1,2

1. Under all conditions Vppg must be less than or equal to Vpp.

2. Vopg tracks with Vpp, AC parameters are measured with Vpp and Vppg tied together.

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

4. If maximum limit is exceeded, input levels shall be governed by DDRS3 specifications.

5. 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.

UnilC Techdoc, Rev. B 2024-6 12 /96
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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
Torer Wide temperature -40 ~ 85 °C 1,2
Extended Temperature Range 85 ~95 °C 1.3
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 trer to 3.9us. It is also possible to
specify a component with 1X refresh (trer to 7.8us) 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
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
Symbol Parameter DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866/2133 Unit | Note
Min Max Min Max Min Max
ViH.cADCo0) DC input logic high Vrer + 0.09 Vop Vrer + 0.09 Vob Vger + 0.09 Vop \% 1
ViL.ca@ceo) DC input logic low Vss Vrer -0.09 Vss Vrer - 0.09 Vss Vrer - 0.09 \Y 1
V/H.CA(AC160) AC input logic high Vrer + 0.16 Note 2 Vrer + 0.16 Note 2 - - \% 1,2,5
ViL.ca(ac160) AC input logic low Note 2 Vrer -0.16 Note 2 Vrer - 0.16 - - \% 1,2,5
ViH.cA(AC135) AC input logic high Vrert 0.135 Note 2 Vrer + 0.135 Note 2 Vrer+0.135 Note 2 \% 1,2,5
ViL.ca(ac1as) AC input logic low Note 2 VRer - 0.135 Note 2 Vrer - 0.135 Note 2 VRer - 0.135 \% 1,2,5
V/H.cA(AC125) AC input logic high - - - - VRrer+0.125 Note 2 \Y 1,2,5
ViL.caacies) AC input logic low - - - - Note 2 VRer - 0.125 \% 1,25
VRercaoo) Rﬁfgg”é&‘éoﬁgjsf‘” 0.49x Voo | 0.51x Voo | 0.49x Voo | 051xVop | 0.49xVop | 051xVoo | V| 34
DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133 )
Symbol Parameter Unit | Note
Min Max Min Max Min Max
VH.caDc100) DC input logic high Vrer + 0.10 Vop Vrer + 0.10 Vop Vrer + 0.10 Vop \ 1,6
ViL.capcio0) DC input logic low Vss Vrer -0.10 Vss VRer - 0.10 Vss Vrer - 0.10 \% 1,7
ViH.cAAC175) AC input logic high Vrer + 0.175 Note 2 Vrer + 0.175 Note 2 - - \% 1,2,8
ViH.cAAC175) AC input logic low Note 2 Vrer - 0.175 Note 2 Vrer - 0.175 - - \% 1,29
V/L.cA(AC150) AC input logic high Vrer + 0.15 Note 2 Vrer + 0.15 Note 2 - - \Y 1,2,8
ViH.CA(AC150) AC input logic low Note 2 Vrer -0.15 Note 2 Vrer - 0.15 - - \% 1,2,9
ViLcaaci3s) AC input logic high - - - - Vrer + 0.135 Note 2 Vv 1,2,8
ViH.cAAC135) AC input logic low - - - - Note 2 VRer - 0.135 \% 1,2,9
V/L.cAAC125) AC input logic high - - - - Vrer + 0.125 Note 2 \Y 1,2,8
ViL.caac1zs) AC input logic low - - - - Note 2 VRer - 0.125 \% 1,2,9
Veereaoe) | N apo o s | 049 % Voo | 0.51x Voo | 049x Voo | 0.51x Voo | 049xVoo | 0.51xVeo | V| 3.410

Note:

1. For input only pins except RESET#. Vrer = Vrercapo)-

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

3. The AC peak noise on Vger may not allow Vger to deviate from Vgerpcy by more than + 1% Vpp (for reference: DDR3L: approx. +
13.5mV; DDRS3: approx. = 15mV).

4. For reference: DDR3 has approx. Vpp/2 = 15mV, DDR3L has approx. Vpp/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(Vin.capcioo)
V|H/L.CA(A0175), VIH/L.CA(AClSO)y VIH/L.CA(ACl35): VIH/L.CA(AClZS): Etc-) apply- The 1.5V levels (VIHIL.CA(DC:lOO)y VIH/L.CA(AC175). VIH/L.CA(AClSO)y
Vinicaaciss), ViniLcaacies), €tc.) do not apply when the device is operated in the 1.35 voltage range.

6. VIH(DC) isused as a Slmpllfled symbol for VIH.CA(DClOO)-

7. VIL(DC) is used as a Slmpllfled Symbol for VIL.CA(DClOO)-

8. Vinac) is used as a simplified symbol for Vincaacizs), Vincaacisoy Vincaacissy, and Vincaacizs), Vincaacirs) value is used when Veer
+ 0.175V is referenced, Vin.canciso) Value is used when Vgee + 0.15V is referenced, Vincaaciss) value is used when Vgee + 0.135V
is referenced, and Vu.caacizs) value is used when Vger + 0.125V is referenced.

9. Viac) is used as a simplified symbol for Vi_caaci7s), Viecanciso), Vicaacias) and Viecaacizsy ViLcaacizs) value is used when Vger -
0.175V is referenced, Vi_caciso) value is used when Vgee - 0.15V is referenced, Vi canciss) Value is used when Vger - 0.135V is
referenced, and Vi caacizs) value is used when Vgee - 0.125V is referenced.

10. Vgercapc) is measured relative to Vpp at the same point in time on the same device.
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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
ViH.0Q(DC90) DC input logic high VRer + 0.09 Vop Vrer + 0.09 Vop VRer + 0.09 Vop \% 1
VIL.DQ(DC90) DC input logic low Vss Vrer - 0.09 Vss Vrer - 0.09 Vss Vrer - 0.09 \% 1
ViH.0Q(AC160) AC input logic high Vger + 0.16 Note 2 - - - - \% 1,25
V/L.DQ(AC160) AC input logic low Note 2 Vrger - 0.16 - - - - \% 1,25
VH.0Q(AC135) AC input logic high Vrer + 0.135 Note 2 Vrer + 0.135 Note 2 - - \ 1,2,5
VLpo(ac135) AC input logic low Note 2 Vrer - 0.135 Note 2 Vrer - 0.135 - - \% 1,2,5
ViH.0Q(AC130) AC input logic high - - - - Vrer + 0.13 Note 2 Y, 1,2,5
V/L.DQ(AC130) AC input logic low - - - - Note 2 Vrer - 0.13 \% 1,2,5
Veeroaoe) | o o e | 049 x Voo | 051x Voo | 049 x Voo | 051x Voo | 049x Voo | 05LxVoo | V| 34
DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133 .
Symbol Parameter - - - Unit | Note
Min Max Min Max Min Max
ViH.DQ(DC100) DC input logic high Vrer + 0.10 Vop Vrer + 0.10 Vop Vrer + 0.10 Vob \% 1,6
ViL.poc100) DC input logic low Vss Vrer - 0.10 Vss Vrger - 0.10 Vss Vrer - 0.10 \% 1,7
ViH.DQ(AC175) AC input logic high Vrer + 0.175 Note 2 - - - - \% 1,2,8
VLpo(ac17s) AC input logic low Note 2 Vrer - 0.175 - - - - \% 1,2,9
ViH.DQ(AC150) AC input logic high Vrer + 0.15 Note 2 Vrer + 0.15 Note 2 - - \% 1,2,8
V/L.DQ(AC150) AC input logic low Note 2 Vrer - 0.15 Note 2 Vrer - 0.15 - - \Y 1,29
VIH.DQ(AC135) AC input logic high Vrer + 0.135 Note 2 Vrer + 0.135 Note 2 Vrer + 0.135 Note 2 \ 1,2,8
V/Lpo(ac135) AC input logic low Note 2 Vrer - 0.135 Note 2 Vrer - 0.135 Note 2 Vrer - 0.135 \% 1,29
Veeroaoe) | 00 o e | 049 % Voo | 0.51x Voo | 0.49x Voo | 0.51x Voo | 0.49x Voo | 0.51x Voo | V(3410
Note:

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

13.5mV; DDR3: approx. = 15mV).

4. For reference: DDR3 has approx. Vpp/2 + 15mV, and DDR3L has approx. Vpp/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. ViLpc)is used as a simplified symbol for ViL.bQ(DC100).
8. Ve is used as a simplified symbol for ViH.bQ(ac175), VIH.DQ(AC150), and VIH.DQ(AC135); VIH.DQ(AC175) value is used when Vgegr + 0.175V
is referenced, VIH.DQ(AC150) value is used when Vgrer + 0.15V is referenced, and ViH.DQ(Ac135) value is used when Vgee + 0.135V is
referenced.
9. Vg is used as a simplified symbol for ViL.DQ(Ac175), VIL.DQ(AC150), and VIL.DQ(AC135); VIL.DQ(AC175) value is used when Vggr -
0.175V is referenced, ViL.DQ(AC150) value is used when Vgrer - 0.15V is referenced, and ViL.DQ(Ac135) value is used when Vgeg- 0.135V
is referenced.
10. VgerDQ(DC) is measured relative to Vpp at the same point in time on the same device.
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6.2 Vger Tolerances

The DC-Tolerance limits and AC-Noise limits for the reference voltages Vrercaand Vrerpg are illustrate in Figure 4. It shows
a valid reference voltage Vrer@ as a function of time. (Vrer stands for Vrercaand Vrerpq likewise).

Vrero) 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 6. Furthermore Vrern may temporarily deviate from Vrer(oc) by no more than + 1% Vop.

Figure 4 - lllustration of Vrerpc) Tolerance and Vrer AC-Noise limits

A
Voltage
Voo
Can 9% V
T VmerACnoise A
( VAN —~\ o, N\ A~ /\/\
VRerpe) = - — — = ‘_Vw\_/‘v._ —\Z — _V_‘_._‘VREF‘DC”W
__________________ N oM Vo2
— VREF(DC) min
-
L 4
Vss
Time

The voltage levels for setup and hold time measurements Vinac), ViHoo), ViLac) and Viuoc) are dependent on Vrer. “Vrer”
should be understood as VRrerDc).

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

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated
with Vrer AC-Noise. Timing and voltage effects due to AC-Noise on Vrer up to the specified limit (+ 1% of Vop) are included
inDRAM timings and their associated deratings
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6.3 AC and DC Logic Input Levels for Differential Signals

6.3.

1 Differential Signals Definition

Figure 5 - Definition of Differential AC-Swing and “Time above AC-Level” tbvac

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

6.3.

A

VIH,diff(AC)min

VIH,diff, min

0.0
VIL, diff, max
Vieataomax T XA
itovact Time R

2 Differential Swing Requirements for Clock (CK-CK#) and strobe (DQS - DQSH)

Table 9 - Differential AC and DC Input Levels

DDR3L/DDR3-800/1066/1333/1600/1866
Symbol Parameter 1.35V 1.5V Unit Note
Min Max Min Max
Vi it Differential input high +0.18 Note 3 +0.20 Note 3 \% 1
VL iff Differential input low Note 3 -0.18 Note 3 -0.20 \% 1
V|Hvdiff(Ac) Differential input highAC 2X(V|H(Ac) -VRer) Note 3 2X (VIH(AC)'VREF) Note 3 Vv 2
. - 2 X (ViLacy -
VL diffac) Differential input low AC Note 3 2X(ViLac) -Vrer) Note 3 Veer) V 2
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 V|H/V||_(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 (Vinpcymax, ViLocomin) for single-ended signals as well as the limitations for overshoot and undershoot.
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DDR3L-800/1066/1333/1600 DDR3L-1866/2133
tovac [ps] tovac [ps] tovac [ps] tovac [ps] tovac [ps]
Slew Rate @ VIHL diff(ac)= @ VHL diff(ac) = @ VHL diff(ac) = @ VIHL diff(Ac) = @ VIHL 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 ViHdiff(ac) level and falling input signal shall become equal to or
less than VL diff(ac) level.

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

DDR3-800/1066/1333/1600 DDR3-1866/2133
tovac [ps] tovac [psS] @t\cjmicdiEf()Asc]) _ tovac [ps] tovac [ps]
Slew Rate @ VIHIL diff(ac) = @ VIHIL diff(aC) = (DQS B DQSH) @ ViHiLdifiac) = |@ Vi giffac) = (CK
[V/Ins] 350mV 300mV only 300mV - CK#) only
Min Max Min Max Min Max Min Max Min Max
>4.0 75 - 175 - 214 - 134 - 139 -
4.0 57 - 170 - 214 - 134 - 139 -
3.0 50 - 167 - 191 - 112 - 118 -
2.0 38 - 119 - 146 - 67 - 77 -
1.8 34 - 102 - 131 - 52 - 63 -
1.6 29 - 81 - 113 - 33 - 45 -
1.4 22 - 54 - 88 - 9 - 23 -
1.2 Note - 19 - 56 - Note - Note -
1.0 Note - Note - 11 - Note - Note -
<1.0 Note - Note - Note - Note - Note -
Note:

1. Rising input differential signal shall become equal to or greater than ViHdiff(ac) level and falling input differential signal shall
become equal to or less than Vi 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 Vsenmin/VseL... (@pproximately equal to the AC-Levels (Vihacy/Viiac) for

ADD/CMD signals) in every half-cycle.

DQS, DQSL, DQSU, DQS#, DQSL# have to reach Vsexmin/VseLmax (@pproximately the AC-Levels (Vinac)/ViLac) for DQ signal)

in every half-cycle proceeding and following a valid transition.

UnilC Techdoc, Rev. B 2024-6
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Note that the applicable AC-levels for ADD/CMD and DQ’s might be different per speed-bin etc. E.g., if ViH.caac1s0)/ViL.caac1so)
is used for ADD/CMD signals, then these AC-levels apply also for the single-ended signals CK and CK#.

Figure 6 - Single-ended Requirement for Differential Signals

VoporVppg @~ 5 T T T T T T T T T T T T T T T T T T T T T T T e T T T e
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Voo/2 0of Vppal/2 @ =========—ccefemmmmm e e e e e e e -
CK or DQS
Veetmax T T T T T T T T T T T T T T T T I TTIR T T -———-
Vse
VesOrVssg 2 = ==mcccccccccccccccdeccccccccccccccdacccaa. Time

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

of these signals.

Table 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
Single-ended high-level for strobes (Voo/2) + 0.175 Note 3 Y, 1,2
VseH
Single-ended high-level for CK, CK# (Voo/2) + 0.175 Note 3 Y, 1,2
Single-ended low-level for strobes Note 3 (Voo/2) - 0.175 Y, 1,2
VseL
Single-ended low-level for CK, CK# Note 3 (Voo/2) - 0.175 Y, 1,2

Note:
1. For CK, CK# use VIH/V ac,) of ADD/CMD; for storbes (DQS, DQS#, DQSL, DQSL#, DQSU, DQSU#) use VIH/V i xc) of DQS.

2. Vinac/Viac) for DQ is based on VreeDQ; Vikacy/Viac) for ADD/CMD is based on Vreeca; 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 (Viypcymax ViLpomin) fOr single-ended signals as well as the limitations for overshoot and undershoot.
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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 Tablel3 and Tablel14.
The differential input cross point voltage Vixis measured from the actual cross point of true and complement signals to the
midlevel between of Vop and Vss.

Figure 7 - VIX Definition

VDD
- CK, DQS
SRR RS Wy SR AU\ A — Voo/2
-—- ‘_— CK#, DQS#
v VSEH VSEL
Vss

Table 13 - Cross Point Voltage for Differential Input Signals (CK, DQS):1.35V

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

Symbol Parameter i Vo Unit | Note

Vixew Differential IPOptj/tD S/rzofsngéolrtCVlgtage relative -150 150 my 1

Vioos, | DIttt roes Pont e w0 ||
Note:

1. The relation between Vx(min/max) and Vse/Vsen should satisfy following.
(VDD/Z) + Vix(min) - VsgL = 25Mv
Vsen - (Von/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
v Differential Input Cross Point Voltage -150 150 mv | 2
IX(CK) relative to Vpoo/2 for CK, CK# 175 175 mv
Differential Input Cross Point Voltage
Vix(pQs) relative to Vop/2 for DQS, DQS# -150 150 mv 2

Note:
1. Extended range for Vix is only allowed for clock and if single-ended clock input signals CK and CK# are monotonic with a single-
ended swing Vse/Vsen Of at least Vpp/2 £ 250mV, and when the differential slew rate of CK - CK# is larger than 3V/ns.

2. The relation between Vix(min/max) and Vse /Vsen should satisfy following. (Vop/2) + Vix(min) — Vser = 25mV; Vsen - (Voo/2) + Vixmax)
2 25Mv
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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 datasignals.

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 Table 15 and
Figure 9

Table 15 - Differential Input Slew Rate Definition

- Measured )
Description Defined by
From To
Differential input Zlne(;/v[;gtg folrjgsslr;g)] edge (CK - CK# VL diff,max ViH,diff,min [ViH,gift,min - VL dif, max]/DeltaT Raift
Differential input Zlﬁévézgesf?gggzg edge (CK - CK# VH,diff,min VL diff,max [ViH,gift,min - VL dif, max]/DeltaT Faiit

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

Figure 8 - Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#

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

DeltaTF g
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7 AC&DC Output Measurement Levels

7.1 Single-ended AC and DC Output Levels

Table 16 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(c) DC output high measurement level (for IV curve linearity) 0.8 X Vbpq \% -
Vowm(pe) DC output mid measurement level (for IV curve linearity) 0.5 X Vbpq \% -
VoL(pc) DC output low measurement level (for IV curve linearity) 0.2 X Vbpq \% -
VoH(ac) AC output high measurement level (for output SR) V7 + 0.1 X Vbpg \%

Vou(ac) AC output low measurement level (for output SR) V17 - 0.1 X Vbpo \%

Note:
1. The swing of + 0.1 x Vppg 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 V1T = Vppo/2.

7.2 Differential AC and DC Output Levels

Table 17 shows the output levels used for measurements of differential signals.

Table 17 - Differential AC&DC Output Levels

Symbol Parameter Value Unit | Note
VoH,diff(AC) AC differential output high measurement level (for output SR) + 0.2 X 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 Vppq is based on approximately 50% of the static single-ended output high or low swing with a driver impedance
of 40Q and an effective test load of 25Q to V+r = Vppo/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 Vov(ac) and Vonac) for single-ended signals as shown in Table 18 and Figure 9.

Table 18 - Single-ended Output Slew Rate Definition

o Measured ]
Description Defined by
From To
Single-ended output slew rate for rising edge VoLc) VoHac) [VoHac) - VoLac))/DeltaTRse
Single-ended output slew rate for falling edge VoH(Ac) VoL(ac) [Von(ac) - Vovac))/DeltaTFse

Note:
1. Output slew rate is verified by design and characterization, and may not be subject to productiontest.
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Figure 9 - 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 Vol - - - - - - Unit
oltage Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
single-ended 1.35V 175 | 5@ | 175 | 5@ | 175 | 5® | 1.75 | 5® | 1.75 | 5@ | 1.75 | 5@ |Vins
output slew | SRQee
rate 1.5V 25 5 25 5 | 25 | 5 25 5 25 | 5@ | 25 | 5@ |vins
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals
For Ron = Rzq/7 Setting
Note:
1. Intwo cases, a maximum slew rate of 6V/ns applies for a single DQ signal within a byte lane.
® Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from HIGH to LOW
or LOW to HIGH) while all remaining DQ signals in the same byte lane are static (i.e. they stay at either HIGH or LOW).
® Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from HIGH to LOW
or LOW to HIGH) while all remaining DQ signals in the same byte lane are switching into the opposite direction (i.e. from LOW to
HIGH or HIGH to LOW respectively). For the remaining DQ signal switching into the opposite direction, the regular maximum limit
of 5V/ns applies).

UnilC Techdoc, Rev. B 2024-6 23/96



Qiil Data Sheet
’ SCB13H2G160FF
UnilC 2Gbit DDR3 SDRAM

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 Vou,difiac) and Vow,diffac) for differential signals as shown in Table 20 and Figure 10.

Table 20 - Differential Output Slew Rate Definition

Measured
Description Defined by
From To
Differential output slew rate for rising edge VoL difi(AC) VOH,diff(AC) [Von.difitac) - VoL difac))/DeltaTRuitt
Differential output slew rate for falling edge VOH,diff(AC) VoL difi(AC) [Von.difitac) - VoL difiacyl/DeltaT Fit

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

Figure 10 - Differential Output Slew Rate Definition

De |taTRdiff

|

Vo diff(AC)

Vo

VoL difac)

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

De ItaTFdiff

Table 21 - Differential Output Slew Rate

0 . DDR3L-800 |DDR3L-1066 |DDR3L-1333|DDR3L-1600|DDR3L-1866 | DDR3L-2133
peratlon .
Parameter Symbol Volt Unit
oltage Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
single-ended SROu 1.35V 35| 12 | 35| 12 | 35| 12 | 35 | 12 | 35 | 12 | 35 | 12 |Vins
I
output slew rate 15V 5 10| 5 | 10| 5 |10| 5 |10] 5 |122]5/|12 |vns
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
Diff: Differential Signals
For Ron = Rzq/7 Setting
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7.5 Reference Load for AC Timing and Output Slew Rate

Figure 12 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.

Itis 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 11 - Reference Load for AC Timing and Output Slew Rate

Vooa
250
CK, CK# DUT pDaQ
—_— DQS NN Vrr = Vpod/2
DQS#

Reference Point

7.6 Overshoot and Undershoot Specifications

7.6.1 Address and Control Overshoot and Undershoot Specifications

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 0.4 0.4 0.4 0.4 0.4 0.4 v
allowed for undershoot area®
Maximum overshoot area 0.67 0.5 0.4 0.33 0.28 0.25 Vens
above Vpp
Maximum undershoot area 0.67 05 0.4 0.33 0.28 0.25 V-ns
below Vss

(A0 — A13, BAO - BA2, CS#, RAS#, CAS#, WE#, CKE, ODT)

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

2. The sum of the applied voltage (Vop) and the peak amplitude undershoot voltage is not to exceed absolute maximum DC ratings.
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Figure 12 - Address and Control Overshoot and Undershoot Definition

Maximum Amplitude Overshoot Area

Voo
Volts (V) Vss

Undershoot Area

Maximum Amplitude

Time (ns)
7.6.2 Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications
Table 22 - 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 v
allowed for overshoot area®
Maximum peak amplitude
allowed for undershoot area® 04 04 04 04 04 04 v
Maximum overshoot area 0.25 0.19 0.15 0.13 0.11 0.10 V-ns
above Vbbo
Maximum undershoot area 0.25 0.19 0.15 0.13 0.11 0.10 V-ns
below Vssg
(CK, CK#, DQ, DQS, DQS#, DM)

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

Figure 13 - Clock, Data, Strobe and Mask Overshoot and Undershoot Definition

Maximum Amplitude Overshoot Area

/

DQ

Vo
Volts (V) Vssa

Undershoot Area

Maximum Amplitude

Time (ns)

UnilC Techdoc, Rev. B 2024-6 26 /96



Qiil Data Sheet
’ SCB13H2G160FF
UnilC 2Gbit DDR3 SDRAM

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:
Ronz4 = Rzq/7 (Nominal 34.3Q + 10% with nominal Rzq =240Q).
The individual pull-up and pull-down resistors Ron(u) and Roned) are defined as follows:
under the condition that Ronpq) is turned off .
under the condition that Ron¢pu) is turned off.

Figure 14 - Output Driver: Definition of Voltages and Currents

Chip In Drive Mode

Qutput Drive

:- ------------ 'i o Vona
! '
1 l ley H
! 1
! 1

To other H Rones |

circuitry H !

like RCV, ; : o DQ
! 1

H ! lout

l Roweo Vour
1 ] 1
] l Pd \
1
I ,: 0 Vssg

Table 23 - Output Driver DC Electrical Characteristics, assuming Rzq = 240Q; entire operating temperature range;
after proper ZQ calibration

Ron,Nom Resistor Vour Min Nom (D'gla?)éL) (DI\/[I)ag(3) Unit Note
VoLpc) = 0.2 X Vbbo 0.6 1.0 1.15 1.1 Rzol7 1,2,3

Ron,34pd Vompc) = 0.5 X Vbbg 0.9 1.0 1.15 1.1 Rzol7 1,2,3

340 VoHpc) = 0.8 X Vbpo 0.9 1.0 1.45 1.4 Rzo/7 | 1,2,3
VoLpc) = 0.2 X Vbbo 0.9 1.0 1.45 1.4 Rzol7 1,2,3

Ron,34pu Vompce)= 0.5 X Vbbg 0.9 1.0 1.15 1.1 Rzol7 1,2,3

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

VoLpc)= 0.2 X Vbpg 0.6 1.0 1.15 1.1 Rzo/6 | 1,2,3

Ron,40pd Vompc) = 0.5 X Vbbg 0.9 1.0 1.15 1.1 Rzo/6 | 1,2,3

200 Vor(oc)= 0.8 X Vooo 0.9 1.0 1.45 1.4 Rzo/6 | 1,2,3
VoLpc)= 0.2 X Vbbg 0.9 1.0 1.45 1.4 Rzo/6 | 1,2,3

Ron,40pu Vompce)= 0.5 X Vbbg 0.9 1.0 1.15 1.1 Rzo/6 1,2,3

Vonoc) = 0.8 X Vbbo 0.6 1.0 1.15 1.1 Rzq/6 1,2,3

M:rﬂagﬁn_zﬁwie,\r}”\a‘:lt:p Vomoe) =0.5 X Vong -10 . +10 +10 % | 124

Note:

1. The tolerance limits are specified under the condition that Vppg = Vpp and that VSSQ = VSS. if temperature or voltage changes after
calibration, see following section on voltage and temperature sensitivity.
The tolerance limits are specified under the condition that Vppg = Vop and that VSSQ = VSS.

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

4. Measurement definition for mismatch between pull-up and pull-down, MMppq4:
Measure RON(Pu) and RON(Pd), both at 0.5 x Vppq:
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7.7.1 Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 24 and Table25.
AT =T - T(@calibration); AV = Vbpq - Vopo(@calibration); Voo = Vbbo.
Note:

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

Table 24 - Output Driver Sensitivity Definition

Iltem Min Max Unit
Ronpu)@VoH(o) 0.6 - dRondTH x |AT| - dRondVH x [AV| | 1.1 + dRondTH x |AT| + dRondVH X [AV] | Rzof7
RoneVomoc) 0.9 - dRondTM x |AT| - dRondVM x AV | 1.1 + dRondTM x |AT| + dRondVM x [AV] | Rzol7
Rond)@VoL (o) 0.6 - dRondTL x |AT| - dRondVL x |AV] 1.1 + dRondTL x |AT| + dRondVL x |AV] Rzal7

Table 25 - 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 15 %/°C
dRondVM 0 0.15 0 0.13 %/mV
dRondTL 0 1.5 0 15 %/°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:
These parameters may not be subject to production test. They are verified by design and characterization.
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7.8 On-Die Termination (ODT) Levels and |-V Characteristics

On-Die Termination effective resistance Rt is defined by bits A9, A6 and A2 of MR1 register. ODT is applied to the DQ, DM,
DQS /DQS# pins.
A functional representation of the on-die termination is shown below. The individual pull-up and pull-down resistors (R17(ru)
and Rr7(rd)) are defined as follows:

under the condition that Rrt(ra)is turned off.

under the condition that Rrr(pu)is turned of

Figure 15 - On-Die Termination: Definition of Voltages and Currents

Chip In Termination Mode

oDT
:- SR 'i o Vooa
1 1
: l |F'u I
! i [lour = lpa - Iy
To other : Rrmey |
circuitry i :
like RCV, [ 1 <= DQ
' '] lour
™ 1 I
: Rr1ipg) : Vour
1 l | 1
| Pd I
1
— ,: 0 Vssq

ODT DC Electrical Characteristic

Table 26 provides an overview of the ODT DC electrical characteristics. Their values for Rrtsord120), RTT60(Pu120), RTT120(Pd240),
RTT120(Pu240), RTT40(Pd80), RTT40(PU80), RTT30(Pd60), RTT30(Pu60), RTT20(Pd40), RTT20(Pu40) @re not specification requirements, but can be
used as design guide lines.
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Table 26 - ODT DC Belletristic, assuming Rzqo = 240Q + 1% entire operating temperature range; after proper ZQ
calibration

(a0 A6 Az) | RTT Resistor Vour Min | Nom | (NE% | ObRy | Unit | Note
Vo) = 0.2 X Vopg 0.6 1.0 1.15 11 Rz [1,2,3,4
Rrrizoazao) 0.5 X Voo 09 | 1.0 1.15 1.1 Rz |1.2,3.4
Voo = 0.8 X Voo 09 | 1.0 1.45 1.4 Rz |1.2,3.4
(0.1,0) 1200 Vouog) = 0.2 X Vopo 09 | 1.0 1.45 1.4 Rzo |1,2,3,4
Rrrzopuzao) 0.5 X Vong 09 | 1.0 1.15 11 Rio [1234
Vorpc) = 0.8 X Vbpg 0.6 1.0 1.15 11 Rz (1,2,34

Rtr120 ViLac) t0 Vinac) 0.9 1.0 1.65 1.6 Rzxo/2 | 1,25
Vouoe = 0.2 X Vipg 06 | 1.0 1.15 1.1 Rzo/2 |1,2,3.4
Rreopaizo) 0.5 X Vong 09 | 1.0 1.15 11 Rzol2 |1,2,3,4
Voo = 0.8 X Vopg 09 | 1.0 1.45 1.4 Rzo/2 |1.2,3.4
(0.0.1) 60Q Vouog) = 0.2 X Vopo 09 | 1.0 1.45 1.4 Rzo/2 |1,2,3,4
Rrreoeuizo) 0.5 X Voo 09 | 1.0 1.15 1.1 Rzo/2 |1,2,3,4
Voo = 0.8 X Voo 06 | 1.0 1.15 1.1 Rzo/2 |1,2,3,4

Rre0 ViLac) 10 Vinac) 0.9 1.0 1.65 1.6 Rzo/4 | 1,2,5
Vouoe = 0.2 X Vong 06 | 1.0 1.15 1.1 Rzo/3 |1.2,3.4
Rrrao(easo) 0.5 X Vopo 09 | 1.0 1.15 11 Rzo/3 |1,2,3.4
Voo = 0.8 X Voo 09 | 1.0 1.45 1.4 Rzo/3 |1.2,3.4
0.1.1) 40Q Vouoc) = 0.2 X Voog 09 | 1.0 1.45 1.4 Rzo/3 |1,2,3,4
Rrrsoeuso) 0.5 X Voog 09 | 10 1.15 1.1 Rzof3 [1,2,3,4
Voo = 0.8 X Voo 06 | 1.0 1.15 1.1 Rzo/3 |1,2,3.4

Rrrao ViLag) 10 Virgao) 09 | 1.0 1.65 16 Rzo/6 | 1,2,5
Vouoe) = 0.2 X Voog 06 | 1.0 1.15 11 Rzo/4 |1,2,3,4
Rrraoeaso) 0.5 X Voog 09 | 10 1.15 1.1 Rzol4 [1,2,3,4
Vonpc) = 0.8 X Vopg 0.9 1.0 1.45 1.4 Rzo/4 |1,2,3,4
(1.0.1) 300 Vouoc) = 0.2 X Voog 09 | 1.0 1.45 1.4 Rzold |1,2,3,4
Rrraoeuso) 0.5 X Vopo 09 | 1.0 1.15 11 Rzo/4 |1,2,3,4
Voo = 0.8 X Voo 06 | 1.0 1.15 1.1 Rzo/4 |1,2,3,4

Rrrao ViLag) 10 Virgac) 09 | 1.0 1.65 16 Rzo/8 | 1,2,5
Vouoe) = 0.2 X Voog 06 | 1.0 1.15 11 Rzo/6 |1,2,3,4
Rrrao(eaao) 0.5 X Voo 09 | 10 115 11 Rzo/6 |1,2,3.4
Voo = 0.8 X Voo 09 | 1.0 1.45 1.4 Rzo/6 |1,2,3.4
(1,0,0) 200 Vouoc) = 0.2 X Voog 09 | 1.0 1.45 1.4 Rzo/6 |1,2,3,4
Rrr20(puio) 0.5 X Vopo 09 | 1.0 1.15 11 Rzo/6 |1,2,3,4
Voo = 0.8 X Voo 06 | 1.0 1.15 11 Rzo/6 |1,2,3.4

R720 ViLac) 10 Vinac) 0.9 1.0 1.65 1.6 Rzo/12| 1,2,5
Deviation of Vy W.r.t Vppo/2, AVM -5 - +5 +5 % (1,256

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 Vppg = Vpp and that Vssg = Vss.
3. Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x Vppg. Other calibration schemes may be used to
achieve the linearity spec shown above, e.g., calibration at 0.2 x VppQ and 0.8 X Vppg.
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Not a specification requirement, but a design guide line.
5. Measurement definition for Ryt
Apply Vinac) to pin under test and measure current |(Vinac), then apply Vigac) to pin under test and measure current 1(Vigac))

respectively.
Vinac) - ViLacy

Rrr=s —— i 5
1(Vikag)) = (ViLiac)
6. Measurement definition for VM and AVM: AMeasure voltage (VM) at test pin (midpoint) with no load:

2 x VM
-1) x 100

x
Vooa

AVM = (
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7.8.1 ODT DC Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 27 and Table 28.
AT =T - T(@calibration); AV = Vbpq - Vbopo(@calibration); Vop = Vopa.

Table 27 - ODT Sensitivity Definition

Min Max Unit

Rrr 0.9 - dRrrdT x |AT| - dRrrdV x|aV| | 1.6 + dRrdT x |AT| + dRrrdV x |AV] R20/2,4,6,8,12

Table 28 - ODT Voltage and Temperature Sensitivity

Min Max Unit
dRTTdT 0 1.5 %/°C
dRtrdV 0 0.15 %/mV

Note:
1. These parameters may not be subject to production test. They are verified by design and characterization.
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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 16.
Figure 16 - ODT Timing Reference Load

VDDO

DUT
DQ,OM —:_o Vir=Vssa

DQs, DOs#
Rrr=250

CK, CK#

Vssa

Timing Reference Points

7.9.2 ODT Timing Definitions

Definitions for taon, taonep, taor, taorpp and taoc are provided in Table 29 and subsequent figures. Measurement reference
settings are provided in Table 30.

Table 29 - 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 Vssg Figure 17
taonep |Rising edge of CK - CK# with ODT being first registered HIGH Extrapolated point at Vsso Figure 18
taor | Rising edge of CK - CK# defined by the end point of ODTLoff End point: E\)/(thTaTLp’)\‘oIated point at Figure 19
,Nom
taorrp |Rising edge of CK - CK# with ODT being first registered LOW End point: E\)/(irTaTLp;oIated point at Figure 20
,Nom

t Rising edge of CK - CK# defined by the end point of End point: Extrapolated points at Fiqure 21

ADC ODTLcnw, ODTLcwn4 of ODTLcwn8 Vrrrwr) and Vrrrnom respectively 9

Table 30 - Reference Settings for ODT Timing Measurements
Measured Parameter RrT.nom Setting Rr1wr) Setting Vswi[V] Vswz[V]
Rzol4 NA 0.05 0.10
taon
Rzq/12 NA 0.10 0.20
Rzol/4 NA 0.05 0.10
taonPD
Rzq/12 NA 0.10 0.20
Rzol/4 NA 0.05 0.10
taor
Rzq/12 NA 0.10 0.20
Rzol4 NA 0.05 0.10
taorPD
Rzo/12 NA 0.10 0.20
taoe DDR3L(1.35V) Rzo/12 Rzo/2 0.20 0.25
AD
DDR3(1.5V) Rzo/12 Rzo/2 0.20 0.30
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Figure 17 - Definition of taon

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

DQ,DM T/
DQS,DQS# WY -

End point: Extrapolated point at Vsgq

Figure 18 - Definition of taonep

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

End point: Extrapolated point at Vssg

Figure 19 - Definition of taor

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLon
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Figure 20 - Definition of taorpp

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

Figure 21 - Definition of tADC

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

Vit
End point: VRTT,Nom
DQ,DM Extrapolated Tswzz
DQS,DQS# point at Tewa

VRTT,Nom

l l VRTTwR)  End point: Extrapolated point at VRTT nom
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8 lop Current Measure Method

8.1 Ipp Measurement Conditions

In this chapter, Ibp and lope measurement conditions such as test load and patterns are defined.
Figure 23 shows the setup and test load for Iop and Ibbg measurements.

* lIpp currents (such as lppo, lop1, loban, looant, lop2po, Ioozp1, Ibp20, lopan, lopse, ooar, lopaw, Iopss, loos, lobset, looste @and lppz) are measured
as time-averaged currents with all Vpp balls of the DDR3 SDRAM under test tied together. Any lppg current is not included in Ipp
currents.

* lppg currents (such as Ippgont @nd Ippgar) are measured as time-averaged currents with all Vppg balls of the DDR3 SDRAM under
test tied together. Any Ipp current is not included in Ippg currents.

Attention: Ippg values cannot be directly used to calculate I/O power of the DDR3 SDRAM. They can be used to support
correlation of simulated 1/0 power to actual I/0O power as outlined in Figure 23. In DRAM module application, Ibpq cannot
be measured separately since Voo and Vbpg are using one merged-power layer in Module PCB.

For Iop and Ibbg measurements, the following definitions apply:
e "0"and"LOW" is defined as VIN < VIL.AC(max).
e "1"and "HIGH" is defined as VIN 2 VIH.AC(min).
e "FLOATING" is defined as inputs are Vgrer = Vpp/ 2.
*  "Timing used for Ipp and IppQ Measured - Loop Patterns" are provided in Table 4.
e "Basic Ipp and IppQ Measurement Conditions" are described in Table 32.
» Detailed Ipp and IppQ Measurement-Loop Patterns are described in Table 33 through Table 40.
* Ipp Measurements are done after properly initializing the DDR3 SDRAM. This includes but is not limited to setting:
RoN = Rzo/7 (34Q in MR1)
Qoff = 0b (Output Buffer enabled in MR1)
RTT.Nom = Rzo/6 (40Q in MR1)
RTTWR) = Rz0/2 (120Q in MR2)

Attention: The Ipp and Iope Measurement-Loop Patterns need to be executed at least one time before actual Ipp or
Iop@ measurement is started.

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

+ Define D# = {CS#, RAS#, CAS#, WE#} = {HIGH, HIGH, HIGH, HIGH}
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Figure 22 - Measurement Setup and Test Load for Iop and lopg Measurements
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Note: DIMM level Output test load condition may be different from above

Figure 23 — Correlation from Simulated Channel I/O Power to Actual Channel 1/0O Power Supported by lopo
Measurement
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Table 31 - Timing used for Iopo and Iopq Measured-Loop Patterns for 1866/2133

Data Sheet
SCB13H2G160FF
2Gbit DDR3 SDRAM

DDR3/DDR3L DDR3/DDR3L
Symbol 1866 2133 Unit
13-13-13 14-14-14

tex 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
NFAW 1KB page size 26 27 nCK
2KB page size 33 38 nCK
ARRD 1KB page size 5 6 nCK
2KB page size 6 7 nCK
nRFC 512Mb 85 97 nCK
nRFC 1Gb 103 118 nCK
nRFC 2Gb 150 172 nCK
nRFC 4Gb 243 279 nCK
nRFC 8Gb 328 375 nCK

Table 32 - Basic lpp and Iopg Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current
CKE: HIGH
External Clock: On
tck, NnRC, nRAS, nRCD, CL: See Table 31
BL: 8
AL: 0
CS#: HIGH between ACT and PRE

Iooo Command, Address, Bank Address Inputs: Partially toggling according to Table 33
Data 1/O: MID-LEVEL
DM: Stable at 0
Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 33)
Output Buffer and Rr: Enabled in Mode Registers®
ODT Signal: Stable at 0
Pattern Details: See Table 33
Operating One Bank Active-Read-Precharge Current
CKE: HIGH
External Clock: On
tck, NRC, nRAS, nRCD, CL: See Table 31
BL: 8.7
AL: 0

Ipp1 CS#: HIGH between ACT, RD and PRE

Command, Address, Bank Address Inputs, Data I/O: Partially toggling according to Table 34
DM: Stable at0

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2, ... (see Table 34)

Output Buffer and Rr7: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 34
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Symbol

Description

Ibp2n

Precharge Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 31

BL: 81

AL: 0

CS#: Stable at 1

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

DM: Stable at 0

Bank Activity: All banks closed

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

Pattern Details: See Table 35

Ibp2NT

Precharge Standby ODT Current

CKE: HIGH

External Clock: On

tck, CL: See Table 31

BL: 8W

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Partially toggling according to Table 36
Data I/0: 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 36

Pattern Details: Table 36

IopQ2nT

Precharge Standby ODT Ippq Current
Same definition like for Ibp2nt, however measuring lopq current instead of Ipp current.

Ibb2ro

Precharge Power-Down Current Slow Exit

CKE: LOW

External Clock: On

tck, CL: See Table 31

BL: 8®

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at0
Data 1/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

Output Buffer and Rr: 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 31

BL: 8®

AL: 0

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at0
Data 1/O: MID-LEVEL

DM: Stable at 0

Bank Activity: All banks closed

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

Pecharge Power Down Mode: Fast Exit®
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Symbol

Description

Ibp2Q

Precharge Quiet Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 31

BL: 8®

AL: O

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at0
Data 1/O: MID-LEVEL

DM: Stable at0

Bank Activity: All banks closed

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

[[SokIN

Active Standby Current

CKE: HIGH

External Clock: On

tck, CL: See Table 31

BL: 8@

AL: 0

CS#: Stable at 1

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

DM: Stable at 0

Bank Activity: All banks open

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

Pattern Details: See Table 35

Iop3p

Active Power-Down Current

CKE: LOW

External Clock: On

tck, CL: See Table 31

BL: 8@

AL: O

CS#: Stable at 1

Command, Address, Bank Address Inputs: Stable at0
Data 1/O: MID-LEVEL

DM: Stable at0

Bank Activity: All banks open

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

Ibp4ar

Operating Burst Read Current

CKE: HIGH

External Clock: On

tck, CL: See Table 31

BL: 87

AL: 0

CS#: HIGH between RD

Command, Address, Bank Address Inputs: Partially toggling according to Table 37
Data I/O: Seamless read data burst with different data between one burst and the next one according to
Table 37

DM: Stable at0

Bank Activity: All banks open, RD commands cycling through banks: 0,0,1,1,2,2, ... (see Table 37)
Output Buffer and RrT: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 37

IbpQ4RrR

Operating Burst Read lppq Current
Same definition like for Ibpar, however measuring lopq current instead of Ipp current.
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Symbol Description
Operating Burst Write Current
CKE: HIGH
External Clock: On
tck, CL: See Table 31
BL: 8@
AL: 0
CS#: HIGH between WR
Ibpaw Command, Address, Bank Address Inputs: Partially toggling according to Table 38
Data I/0O: Seamless write data burst with different data between one burst and the next one accordingto
Table 38
DM: Stable at 0
Bank Activity: All banks open, WR commands cycling through banks: 0,0,1,1,2,2, ... (see Table38)
Output Buffer and RtT: Enabled in Mode Registers®
ODT Signal: Stable at HIGH
Pattern Details: See Table 38
Burst Refresh Current
CKE: HIGH
External Clock: On
tck, CL NRFC: See Table 31
BL: 8@
AL: 0
| CS#: HIGH between REF
bDsB Command, Address, Bank Address Inputs: Partially toggling according to Table 39
Data 1/O: MID-LEVEL
DM: Stable at 0
Bank Activity: REF command every nRFC (see Table 39)
Output Buffer and Rrr: Enabled in Mode Registers®
ODT Signal: Stable at 0
Pattern Details: See Table 39
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
Ipps CL: See Table 31
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®
ODT Signal: MID-LEVEL
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
IDD6ET CL: See Table 31
BL: 8
AL: 0
CS#, Command, Address, Bank Address, Data I/0O: 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
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Symbol

Description

lop7

Operating Bank Interleave Read Current

CKE: HIGH

External Clock: On

tck, NRC, nRAS, nRCD, nRRD, nFAW, CL: See Table 31

BL: 8

AL: CL-1

CS#: HIGH between ACT and RDA

Command, Address, Bank Address Inputs: Partially toggling according to Table 40

Data I/0: Read data bursts with different data between one burst and the next one according to Table 40
DM: Stable at0

Bank Activity: Two times interleaved cycling through banks (0, 1, ...7) with different addressing, see
Table 40

Output Buffer and Rrt: Enabled in Mode Registers®

ODT Signal: Stable at 0

Pattern Details: See Table 40

Ibps

RESET Low Current

RESET: LOW

External Clock: Off

CK and CK#: LOW

CKE: FLOATING

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

ODT Signal: FLOATING

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

Note:

1. 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.
RTTWR) enable: Set MR2 A[10,9] = 10b.

o g AW

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

Auto Self Refresh (ASR): Set MR2 A6 = 0Ob to disable or 1b to enable feature.

Self Refresh Temperature Range (SRT): Set MR2 A7 = 0b for normal or 1b for extended temperature range.
Read Burst Type: Nibble Sequential, set MRO A[3] = Ob.
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Table 33 - Iopo Measurement-Loop Pattern®
&
wn (@)
@] o o) w >
X |laol®o @ 3 ol 2|1Q|s|ol2|E|2Z2 2|28
Ol a5 £ 3 Qlo || T |9 |28 2|88
21 ™8 3 2 O e =S I = I e R
© o 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 -
34 D#, D# 1 1 1 1 0 0 00 0 0 0 0 -

repeat pattern 1...4 until nRAS - 1, truncate if necessary
NRAS PRE |0 | o] 1]ofo]o]o|o|]o]o]|o]-
repeat pattern 1...4 until nRC - 1, truncate if necessary
Ol 1xnrc+0 | acT o] o121 ]of]oJoo]o]o]F]|]ol]-
1xnRC+1,2 D,D 1 0 0 0 0 0 00 0 0 F 0 -

5 g 1xnRC+34 |D#D# | 1 | 1 [ 1| 1|0 |0 |00]| O] O]|F/| O] -
g FI> repeat pattern nRC + 1...4 until 1 x nRC + nRAS - 1, truncate if necessary
5@ 12£Eg+PRE001OOOOOOOFO-
repeat nNRC + 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] = 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.
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Table 34 - Ipp1 Measurement-Loop Pattern®
Q
(7)) o 0O
@) = 2 o w >
X laol|cs o 3 ol 2 1Q|s|ol2|E|2Z2|Z2|&2] §
0 7< — g 3 wn 7 7 m )] ~ al S © o N T
2 1™ 8 3 s | R R (R |= | TS lBEle e lL 5
* k=) o 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
3,4 D# D#| 1 1 1 1 0 0 00 0 0 0 0 -
repeat pattern 1...4 until nRCD - 1, truncate if necessary
NRCD RO o] 1 ]o]1]o0o]o|oo]o] o] o]o [oooooo00

repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE| o] o |1][o]o]ofoo|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 | O 0 F | O -
1xnRC+12 | D,D 1 0 0 0 0 0 |00 | O 0 F | O -
» g 1xnRC+34 |D#,D#| 1 1 1 1 0 0 |00 | O 0 F | O -
§ =2 repeat pattern nRC + 1...4 until nRC + nRCD - 1, truncate if necessary
5 | £ 1xnRC +
@ g nRCD RD 0 1 0 1 0 0 |00 | O 0 F | 0 (00110011
repeat pattern nRC + 1...4 until nRC + nRAS - 1, truncate if necessary
1;£Eg+ PRE| 0|0 |1|0|0]o0ofoo|lo|o|F]|oO -
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] = 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 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-LEVE
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Table 35 - IDD2N and IDD3N Measurement-Loop Pattern(1)

21| 8] o S lolzlolzlol8|2|2]2l2]2]%
QIR 5| 5 | 2 |%lele| R[S |Z|ElB|2]E 8|5
** S = 2| ke 8
0 D 1 0 0 0 0 0 0 0 0 0 0 -
0 1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 1 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
5 % 1 4-7 repeat Sub-Loop 0, use BA[2:0] = linstead
f-i 2 2 8-11 repeat Sub-Loop 0, use BA[2:0] = 2 instead
a g 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.

Table 36 - Ipp2nt and Iopoent Measurement-Loop Pattern®

@)
<
@) S Q)
9] 2 >
Qs 5| % S |ol2|QlslolB|lalz2l2|22]|9
oAl 5| E | 2 |¢|la|le|T|lg|¥|2|lB8|S%2|8 |8
~ 1™ 8 | 3 2 | F|E | R | x| A EIS|2le|lalB
#* o o o —
e
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 -
S gu,) 1 4-7 repeat Sub-Loop 0, but ODT = 0 and BA[2:0] =1
% % 2 8-11 repeat Sub-Loop 0, but ODT = 1 and BA[2:0] =2
e Q@ 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.
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21018 2o | § |olzlalslollZ]2l22]2] ¢
o |m|t| 2% | 2 |¢|2|2|T|S|R|E|B|S|2|8| &
2 o o ® 5 *oow S|le | = |=|=|= S
© o
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 -
2,3 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
5 D 1 0 0 0 0 0 00| O 0 F 0 -
5 % 6,7 D#,D#| 1 1 1 1 0 0 00| O 0 F 0 -
g |2 |1 8-15 repeat Sub-Loop 0, but BA[2:0] = 1
3 |9 |2 16- 23 repeat Sub-Loop 0, but BA[2:0] = 2
3 24 -31 repeat Sub-Loop 0, but BA[2:0] =3
4 32-39 repeat Sub-Loop 0, but BA[2:0] =4
5 40 - 47 repeat Sub-Loop 0, but BA[2:0] =5
6 48 - 55 repeat Sub-Loop 0, but BA[2:0] =6
7 56 - 63 repeat Sub-Loop 0, but BA[2:0] =7
Note:
1. DM must be driven LOW all the time. DQS, DQS# are used according to 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 38 - Iopaw Measurement-Loop Pattern®
2 ol E 120 | § |alzlals|lolBlZl2l2l2l2] g
o | = = 33 3 ool lalols|olE |99 | =
2 m S g ) 2 B I T T I N (= = S =) D
© o
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 -
0 2,3 D#,D# | 1 1 1 1 1 0 00| O 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 -
g gu,) 6,7 D#,D# | 1 1 1 1 1 0 00| O 0 F 0 -
§ g 1 8-15 repeat Sub-Loop 0, but BA[2:0] =1
a g’ 2 16 - 23 repeat Sub-Loop 0, but BA[2:0] =2
3 24 -31 repeat Sub-Loop 0, but BA[2:0] =3
4 32-39 repeat Sub-Loop 0, but BA[2:0] =4
5 40 - 47 repeat Sub-Loop 0, but BA[2:0] =5
6 48 - 55 repeat Sub-Loop 0, but BA[2:0] =6
7 56 - 63 repeat Sub-Loop 0, but BA[2:0] =7
Note:

1. DM must be driven LOW all the time. DQS, DQS# are used according to WR Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by WRITE Command. Outside burst operation, DQ signals are MID-LEVEL.
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Table 39 - Ippse Measurement-Loop Pattern ()

9]
<
21| g g S olalelslol2|2|2l2]2]2]g
o || Z | 2 | 3 |¢g|a|R|8|S|2|E|8|2|E ¢
2|1M] 2 3 R T I U T = = A= (e I B
o g o
0 0 REF 0 0 0 1 0 0 00| O 0 0 -
1,2 D,D 1 0 0 0 0 0 00| O 0 0 0 -
3,4 D#,D# | 1 1 1 1 0 0 00| O 0 F 0 -
5-8 repeat cycles 1 - 4, but BA[2:.0] =1
5 g 9-12 repeat cycles 1 - 4, but BA[2:0] =2
§ FI’ 1 13- 16 repeat cycles 1 - 4, but BA[2:0] =3
a g 17 - 20 repeat cycles 1 - 4, but BA[2:0] =4
21-24 repeat cycles 1 - 4, but BA[2:0] =5
25-28 repeat cycles 1 - 4, but BA[2:0] =6
29-32 repeat cycles 1 - 4, but BA[2:0] =7
2 |33-nRFC-1 repeat Sub-Loop 1, until nNRFC - 1. Truncate, if necessary.
Note:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
Table 40 - Ipp7 Measurement-Loop Pattern @
o) 0 z g >
2™ 38 8 o B TR |2 F |3 lE|e|2|elel %
© o
0 ACT| O 0 1 1 0 0 |00 O 0 0 0 -
0 RDA| O 1 0 1 0 0 |00 1 0 0 0 | 00000000
2 D | 1 0 0 0 0 0 |00 O 0| O 0 -
repeat above D Command until NnRRD - 1
nRRD ACT| O 0 1 1 0 10| 0 0 F| O -
1 nRRD + 1 RDA| O 1 0 1 0 1 ]00]| 1 0 F | 0 |00110011
nRRD + 2 D |1 o| O 0 0 10| 0 0 F| O -
repeat above D Command until 2 x nRRD - 1
2 x nRRD repeat Sub-Loop 0, but BA[2:0] =2
3 g 3 x nRRD repeat Sub-Loop 1, but BA[2:0] =3
%;’4 4 x NRRD p|l1]ofofo|o[3|oo|o|o[F|o0o] -
Q@ g 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
7 nFAW + 2 x nRRD repeat Sub-Loop 0, but BA[2:0] =6
8 nFAW + 3 x nRRD repeat Sub-Loop 1, but BA[2:0] =7
pl1]ofofo]o|7]oo]fo|o|F]o] -
9 nFAW + 4 x nRRD - -
assert and repeat above D Command until 2 x nFAW - 1, if necessary
2 xnFAW +0 ACT| O 0 1 1 0 0 |00 O 0 F | O -
10 2 x nFAW + 1 RDA| O 1 0 1 0 0 |00 1 0 F | 0 (00110011
2 x nFAW + 2 D |1 0 0 0 0 0 |00 O 0 F| O -
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() 0
0 pd o w | >
Xlol|s o S o|2Q|slol2|Bl2212|2| §
ol &2~ 3s S|¢lplplTd|C || BElC|2 | =
S 8 ® s || &R | = s |E[2|2el2| B
© o
repeat above D Command until 2 x NFAW + nRRD - 1
2 x nNFAW + nRRD ACT| O 0 1 1 0 10| 0 0 0 -
1 2xnFAW +nRRD +1 |RDA| 0 1 0 1 0 1 ]00]| 1 0 0 | 00000000
D 0 0 0 0 1 ]00]| 0 0| O 0 -
2 x nNFAW + nRRD + 2 -
repeat above D Command until 2 x NFAW + 2 x nRRD -1
12 | 2 x nFAW + 2 x nRRD repeat Sub-Loop 10, but BA[2:0] =2
13 | 2 xnFAW + 3 x nRRD repeat Sub-Loop 11, but BA[2:0] =3
pl1]ofofo]o|3]oo[o|o]o]o] -
14 | 2 x nFAW + 4 x nRRD - .
assert and repeat above D Command until 3 x nFAW - 1, if necessary
15 3 x nFAW repeat Sub-Loop 10, but BA[2:0] =4
16 3 x nFAW + nRRD repeat Sub-Loop 11, but BA[2:0] =5
17 | 3 xnFAW + 2 x nRRD repeat Sub-Loop 10, but BA[2:0] =6
18 | 3 x nFAW + 3 x nRRD repeat Sub-Loop 11, but BA[2:0] =7
pl1|ofofo]o|7]oofo|o]o]o] -
19 | 3 xnFAW +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.
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8.2 lpp Specifications

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

Table 41 - lop Specifications (1.35V)

Speed Grade Bin DDR3L-1866 DDR3L-2133 .
uUnit Note
Symbol Max Max
Ibbo 60 62.7 mA x16
Ibb1 88 92 mA x16
Ibpb2r(0) Slow exit 18.6 18.6 mA x16
Ibp2r(1) fast exit 21.6 21.6 mA x16
Ibp2n 36 37 mA x16
IpD2NT 37 39 mA x16
Ibp2Q 34 35 mA x16
Ippsp fast exit 39 39 mA x16
Ibp3n 47 49 mA x16
Ibp4ar 176 186 mA x16
Ippaw 168 176 mA x16
Ippse 186 196 mA x16
Ipps™® 12 12 mA x16
IppeeT® 20 20 mA x16
lbp7 206 216 mA x16
Ibps 10 10 mA x16
Note:

1. Applicable for MR2 setting A6 = Ob and A7 = Ob. Temperature range for IDD6 is O - 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.
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Table 42 - IDD Specifications (1.5V)

Speed Grade Bin DDR3-1866 DDR3-2133 )
Unit Note
Symbol Max Max
Ibpo 61 64 mA x16
Ibb1 90 94 mA x16
Ibp2r(o) Slow exit 19 19 mA x16
Ibp2p(1) fast exit 22 22 mA x16
Ipp2n 36 38 mA x16
Ibp2NT 38 40 mA x16
Ibb2g 35 36 mA x16
Iopap fast exit 40 40 mA x16
Ippan 48 50 mA x16
Ibbar 180 190 mA x16
IDDaw 172 180 mA x16
Ippse 190 200 mA x16
Iope 12 12 mA x16
IopeeT @ 20 20 mA x16
Iop7 210 220 mA x16
Ibps 10 10 mA x16
Note:

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

industrial temperature.
2. Applicable for MR2 setting A6 = Ob and A7 = 1b. Temperature range for Ippger 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 43 - 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
D1D5|?/3 14 | 30 | 14 | 27 |14 | 25| 14| 23
Co Input/output capacitance (1.5v) bF 123
(DQ. DM DQS.DOSH 1 bR | 1 4 | 55 | 14 | 25 | 14 | 23 | 14 | 22 B
(1.35V) . . . . . . . .
Cck Input capacitance, CK and CK# 08 |16 | 08|16 | 08|14 | 08| 14 pF 2,3

Cbck Input capacitance delta, CKandCK# | 0 |0.15| O |0.15| 0 |0.15|( 0 |0.15| pF 2,34

Input/output capacitance delta DQS

Copgs and DQS# 0 0.2 0 0.2 0 |015| O |015| pF | 2,35
DDR3 0.75| 14 |075]135|0.75| 1.3 |0.75| 1.3
Input capacitance (CTRL, (1.5v)
C ; . pF | 2,3,6
ADD, CMD input-only pins) | ppr3aL
(1.35V) 075 1.3 |0.75| 1.3 |0.75| 1.3 |0.75| 1.2
CoLcrr, | MPUtcapacitance delta (AICTRL | o5 | g3 | 95| 03 |-04| 02 [-04] 02 | pF [2378

input- only pins)

Input capacitance delta (All ADD/CMD

Cor_app_cwo input-only pins)

-05/05|-05(05|-04]04]|-04]| 4 pF |2,3,9,10

Input/output capacitance delta, DQ,

Coo DM, DQS, DQS#

-05,03|-05(03|-05|]03)|-05|]03]| pF |231

Czo 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 Vpp, Voo, Vss, Vsso applied
and all other pins floating (except the pin under test, CKE, RESET# and ODT as necessary). Vpp = Vppg = 1.35V, Veias = Vop/2 and
on-die termination off.

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

4. Absolute value of Cck - Coxs.

5. Absolute value of Ciopgs) - Ciopas#-

6. Cl applies to ODT, CS#, CKE, A0 - A13, BAO - BA2, RAS#, CAS#, WE#.

7. Cpi crrL applies to ODT, CS# and CKE.

8. Coictre= Cicrry) - 0.5 % (Cycky + Cerks)-

9. Coi aop_cwp applies to A0 —A13, BAO - BA2, RAS#, CAS# and WE#.

10. CDI_ADD_CMD = CI(ADD_CMD) -0.5x% (C|(cu<) + CI(CLK#))-

11. Coio = Cio g, omy - 0.5 X (Ciopas) + Ciopas)-

12. Maximum external load capacitance on ZQ pin: 5pF.
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Table 43 - DDR3L/DDR3-1866/2133 Input/Output Capacitance
1866 2133 )

Symbol Parameter Unit Note
Min Max Min Max
DDR3 (1.5V) 14 2.2 1.4 2.1

Input/output capacitance (DQ,

Cio DM, DQS, DQS#) pE | 123

DDR3L (1.35Vv)| 1.4 2.1 14 2.1
Cck Input capacitance, CK and CK# 0.8 1.3 0.8 1.3 pF 2,3

Cock Input capacitance delta, CK and CK# 0 0.15 0 0.15 pF 2,34

Copos  |Input/output capacitance delta DQS and DQS# 0 0.15 0 0.15 pF 2,3,5
DDR3 (1.5V) 0.75 1.2 0.75 1.2

Input capacitance (CTRL,

G ADD, CMD input-only pins) pF | 236
DDRS3L (1.35V)| 0.75 1.2 0.75 1.2

ColcTr Input capacitance dsil;[]as)(All CTRL input-only 04 0.2 04 0.2 pF 2378

Input capacitance delta (All ADD/CMD input- i i
Cbi_apbpb_cMp only pins) 0.4 0.4 0.4 0.4 pF 12,3,9,10
Input/output capacitance delta, DQ, DM, DQS,
Coio DQS# -0.5 3 -0.5 0.3 pF 23,11
Czq Input/output capacitance of ZQ pin - 3 - 3 pF 2,3,12
Note:

1. The DM pin load matches DQ and DQS.

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured according
to JEP147(“Procedure for measuring input capacitance using a vec-tor network analyzer (VNA)”) with Vpp, Vopa, Vss, VssQ applied
and all other pins floating (except the pin under test, CKE, RESET# and ODT as necessary).

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

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

4. Absolute value of Cck - Cck#-

5. Absolute value of Ciopgs) - CioDQs#).

6. Ciapplies to ODT, CS#, CKE, A0 —A13, BAO - BA2, RAS#, CAS#, WE#.

7. Cobi_cTrL applies to ODT, CS# and CKE.

8. Cbi_cTtrL= CicTRL) - 0.5 x (CicLk) + Ci(CLK#))-

9. Cbi_apbp_cmp applies to A0 — A13, BAO - BA2, RAS#, CAS# and WE#.

10. Coi_apb_cmp = Ciapp_cmp) - 0.5 x (CicLk) + Ci(CLK#))-

11. Coio = Cio (D@, bm) - 0.5 X (Ciop@s) + Cio(DQs#))-

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 tckave)

tekave) 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
tckavg) = (z tag) /N N=200
=

10.1.2 Definition for tckabs)

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

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

N
toravg) = ( Z ter) / (N % tokavg))  N=200
=

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

N
teL(avg) = (Ztcu) / (N x tekavg)) N=200
=

10.1.4 Definition for tarpery and tarr(per, ick)

taren is defined as the largest deviation of any signal tck from tckave).

tarpen = Min/max of {tcki - tckave) where i = 1 to 200}.

taren defines the single period jitter when the DLL is already locked.

tui (per, Ick) USES the same definition for single period jitter, during the DLL locking period only.
tarpen) @and taT (per, Ick) @re not subject to production test.

10.1.5 Definition for tarcc) and tar(ec, ick)

tare) is defined as the absolute difference in clock period between two consecutive clock cycles.
tatce) = max of |{texi +1 - tei}|-

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

tamee, Ick) USES the same definition for cycle to cycle jitter, during the DLL locking periodonly.
tumce) and taiT (cc, Ick) @re not subject to production test.

10.1.6 Definition for terr(npen)

terr is defined as the cumulative error across multiple consecutive cycles from tckave). terr is not subject to production test.
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10.2 Refresh Parameters By Device Density

Table 44 - Refresh Parameters by Device Density

Parameter Symbol 2Gb Unit Note
REF command to ACT or REF commandtime trrc 160 ns -
o . 0°C < Tcase< 85°C 7.8 ps -
Average periodic refreshinterval trerI
85°C < Tcase< 95°C 3.9 S -

10.3  Standard Speed Bins

DDR3 SDRAM Standard Speed Bins include tck, trep, trp, tras and trc for each corresponding bin.
Table 45 - DDR3L/DDR3-1866 Speed Bins and Operating Conditions

Speed Bin DDR3L/DDR3-1866
CL-nRCD-nRP 13-13-13 Unit Note
Parameter Symbol Min Max
Internal READ command to first data taa 13.91(13.125) 20 ns -
ACT to internal READ or WRITE delay time trcD 13.91(13.125) - ns -
PRE command period trP 13.91(13.125) - ns -
ACT to PRE command period trRAS 34 9 X trer ns -
ACT to ACT or REF command period trc 47.91(47.125) - ns -
CWL=5 tck(ave) 25 3.3 ns 1,2,3,5
CL=6 CWL=6 tckave) Reserved - 4
CWL=7,8,9 tekave) Reserved - 4
CWL =5 tek(ave) Reserved - 4
cL=7 CWL=6 tekave) 1875 | <25 ns 1,2,3,4,5
CWL=7,8,9 tekave) Reserved - 4
CWL=5 tck(ave) Reserved - 4
oLos CWL=6 tekave) 1875 | <25 ns 12,35
CwL=7 tck(ave) Reserved - 4
CwL=8,9 tck(ave) Reserved - 4
CWL=5,6 tck(ave) Reserved - 4
B CwL=7 tek(ave) 15 <1.875 ns 1,2,3,4,5
cL=9 CwWL =8 tck(ave) Reserved - 4
CWL=9 tckave) Reserved - 4
CWL=5,6 tck(ave) Reserved - 4
CL=10 CwL=7 tek(ave) 15 | <1.875 ns 1,2,35
CwWL =8 tckave) Reserved - 4
CWL =5,6,7 tekave) Reserved - 4
CL=11 CwL=8 tekave) 1.25 | <15 ns 1,2,3,4,5
CWL=9 tck(ave) Reserved - 4
CWL=5,6,7,8 tekave) Reserved - 4
CL=13
CWL=9 tekave) 1.07 | <1.25 ns 1,2,3
Supported CL Settings 6,7,8,9,10,11,13 nCK -
Supported CWL Settings 5,6,7,8,9 nCK -
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Table 46 - 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 trcD 13.09 - ns -
PRE command period trP 13.09 - ns -
ACT to PRE command period trRAS 33 9 X treF ns -
ACT to ACT or REF command period trc 46.09 - ns -
B CWL=5 tck(ave) Reserved - 4
cL=5 CWL =6,7,8,9,10 tekave) Reserved - 4
CWL=5 tck(ave) 25 3.3 ns 1,2,3,6
CL=6 CWL=6 tck(ave) Reserved - 4
CWL=7,8,9,10 tekave) Reserved - 4
CWL=5 tck(ave) Reserved - 4
B CWL=6 tck(ave) 1.875 <25 ns 1,2,3,6
cL=7 CwL=7 tck(ave) Reserved - 4
CwL=8,9,10 tckave) Reserved - 4
CWL=5 tck(ave) Reserved - 4
_ CWL=6 tekave) 1.875 <25 ns 1,2,3,6
cL=8 CwL=7 tckave) Reserved - 4
CwL=8,9,10 tckave) Reserved - 4
CWL=5,6 tek(ave) Reserved - 4
_ CWL=7 tekave) 15 <1.875 ns 1,2,3,4,6
cL=9 CwL=8 tckave) Reserved - 4
CWL=9,10 tck(ave) Reserved - 4
CWL=5,6 tck(ave) Reserved - 4
CWL=7 tekave) 15 <1.875 ns 1,2,3,6
CL=10 CwL=8 tckave) Reserved - 4
CWL=9 tckave) Reserved - 4
CwL=10 tck(ave) Reserved - 4
CWL =5,6,7 tek(ave) Reserved - 4
cL=11 CwL=8 tck(ave) 1.25 <15 ns 1,2,3,6
CWL=9 tck(ave) Reserved - 4
CwL=10 tck(ave) Reserved - 4
CWL =5,6,7,8 tekave) Reserved - 4
CL=13 CWL=9 tekave) 1.07 | <1.25 ns 1,2,3,6
CwL=10 tck(ave) Reserved - 4
cL=14 CWL =5,6,7,8,9 tek(ave) Reserved - 4
CWL =10 tekave) 093 | <107 ns 12,3
Supported CL Settings 5,6,7,8,9,10,11,13,14 nCK -
Supported CWL Settings 5,6,7,8,9,10 nCK -
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10.3.1 Speed Bin Table Note

Note:

1. The CL setting and CWL setting result in tckave)min @and tckave)max requirements. When selecting tekave), both need
to be fulfilled requirements from CL setting as well as requirements from CWL setting.

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

3. tek@ve)max limits: calculate tekave) = taamax’'CL SELECTED and round the resulting tckave) 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 tckave)max corresponding to CL SELECTED.

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

5. Any DDR3L/DDR3-1866 speed hin 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/trco/trRPmin must be 13.125ns. SPD
setting must be programed to match.
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UnilC
11 Electrical Characteristics and Ac Timing

11.1

Table 47 - Timing Parameters by Speed Bin

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

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
Clock Timing
Minimum clock cycle time (DLL off mode) tek(LL_oFF) 8 - 8 - 8 - 8 - ns 6
Average clock period tekave) See Standard Speed Bins - -
Average high pulse width tcH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 ‘32‘)“ -
Average low pulse width tcL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 t‘v’g’* -
¢ tckea teka
cKave VG)m VG)m
Absolute clock period teK(abs) tCK(AVG)mi.n"'tJIT ymax+ tCK(AVG)mi.n'*' ot tCK(AVG)mim + tCK(AVG)mi.n"' tekave)ma ps )
(per)min tJIT(per) tJIT(per)mln tJIT(per)mln tJIT(per)mln x+tJIT(per)
tarr(p i
max er)max erymax
Absolute clock high pulse width teH(abs) 0.43 - 0.43 ; 0.43 - 0.43 . tig‘)’* 26
Absolute clock low pulse width teL(abs) 0.43 - 0.43 - 0.43 - 0.43 - t\c/z()A 27
Clock period jitter JiT(pen -100 100 -90 90 -80 80 -70 70 ps -
Clock period jitter during DLL locking period T (per, 1ck) -90 90 -80 80 -70 70 -60 60 ps -
Cycle to cycle period jitter tom(ce) 200 180 160 140 ps -
Cycle to cycle period leter during DLL locking tTee, 64 180 160 140 120 ps i
period
Duty cycle jitter taT(duty) - - - - - - - - - -
Cumulative error across 2 cycles terRR(2per) -147 147 -132 132 -118 118 -103 103 ps -
Cumulative error across 3 cycles terRR(3per) -175 175 -157 157 -140 140 -122 122 ps -
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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 4 cycles terR(4per) -194 194 -175 175 -155 155 -136 136 ps -
Cumulative error across 5 cycles terRR(5per) -209 209 -188 188 -168 168 -147 147 ps -
Cumulative error across 6 cycles terRR(6per) -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 terR(8per) -241 241 -217 217 -193 193 -169 169 ps -
Cumulative error across 9 cycles terRR(9per) -249 249 -224 224 -200 200 -175 175 ps -
Cumulative error across 10 cycles terR(10per) -257 257 -231 231 -205 205 -180 180 ps -
Cumulative error across 11 cycles terRR(11per) 263 263 -237 237 -210 210 -184 184 ps -
Cumulative error across 12 cycles terR(12per) -269 269 -242 242 -215 215 -188 188 ps -
Cumulative error across n = 13, 14 . . . 49, 50 terr(npenmin = ((1 + 0.68In(n)) X ta(pen)_total min)
cveles tERR(nper) ps 25
Y tERR(npermax = ((1 + O68|n(n)) X 31T (per)_total max)
Data Timing
DQS, DQS# to DQ skew, per group, per 0050 ) 200 ) 150 _ 125 ) 100 ps 13
acces
DQ output hold time from DQS, DQS# ton 0.38 - 0.38 - 0.38 - 0.38 - t‘v’g’* 13, g
DQ low impedance time from CK, CK# tL200) -800 400 600 300 500 250 -450 225 | ps 13}1
DQ high impedance time from CK, CK# tHz(DQ) - 400 - 300 - 250 - 225 ps 1;’}1
1.5V
'Sll))s(baseACU 75 ) o5 ) ) ) ) ) ps d.18
Data setup time to DQS, DQS# referenced to | tbs(paseacis 125 ; 75 ; 30 ; 10 ; ps d.18
ViHacy/Viac) levels 0) :
1.35vV
tos(baseAct 90 ) 40 ) ) ) ) ) ps d.18
60)
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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
tDS(b::)eA“ 140 - 90 - 45 - 25 - ps | d,18
1.5V
_ tDH(pase, 150 - 100 - 65 - 45 - ps | d,18
Data hold time from DQS, DQS# referenced DC100)
to Vinooy/ViLpc) levels 1.35V
toH(pase, 160 - 110 - 75 - 55 - ps | d,18
DC90)
DQ and DM Input pulse width for each input toipw 600 - 490 - 400 - 360 - ps 29
Data Strobe Timing
. . Note Not Not teka | 13,2
DQS, DQS# differential READ preamble trRPRE 0.9 19 0.9 e 19 0.9 e 19 0.9 Note 19 ve) 0.9
. . Note Not Not teka | 11,1
DQS, DQS# differential READ preamble trpPsT 0.3 11 0.3 e 11 0.3 e 11 0.3 Note 11 ve) 3.9
DQS, DQS# differential output high time tosH 0.38 - 0.38 - 0.4 - 0.4 - tig‘)“ 13,9
DQS, DQS# differential output low time tosL 0.38 - 0.38 - 0.4 - 0.4 - t‘v’g’* 13,9
DQS, DQS# differential WRITE preamble twpre 0.9 - 0.9 - 0.9 - 0.9 - t\clz()A 1
DQS, DQS# differential WRITE preamble twpsT 0.3 - 0.3 - 0.3 - 0.3 - t\clz()A 1
DQS and DQS# low-impedance time 13,1
(Referenced from RL - 1) tLz(pQs) -800 400 -600 300 -500 250 -450 225 ps 51
DQS and DQS# high-impedance time _ _ _ ) 131
(Referenced from RL + BL/2) tz(Dgs) 400 300 250 225 ps 5,f
DQS and DQS# differential input low pulse toost 0.45 0.55 0.45 0.5 0.45 0.5 0.45 0.55 tex¢ | 30,3
width 5 5 AVG) 2
DQS and DQS# differential input high pulse tosH 0.45 0.55 0.45 0.5 0.45 0.5 0.45 0.55 tex¢ | 31,3
width 5 5 AVG) 2
DQS, DQS# ”S'”Q:C?;; to CK, CK¥# rising tooss -0.25 0.25 -0.25 0.25 -0.25 0.25 0.27 0.27 t‘v’g’* c
DQS, DQS# falling edge setup time to CK, i ) ) ) teka
CK# rising edge toss 0.2 0.2 0.2 0.18 o) c,33
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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# falling edge hold time from CK, ) ) ) _ teka
CKG# rising edge tosH 0.2 0.2 0.2 0.18 ve) c,33
Command and Address Timing
DLL locking time oLk 512 - 512 - 512 - 512 - nCK -
Internal READ command to PRECHARGE ¢ Max i Max i Max i Max i nCK e
command delay RTP (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns)
Delay from start of internal write transaction ¢ Max _ Max ) Max _ Max _ ncK | e19
to internal READ command WIR (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) '
WRITE recovery time twr 15 - 15 - 15 - 15 - ns e, 19
Mode register set command cycle time tMrD 4 - 4 - 4 - 4 - nCK -
Max Max Max Max
Mode register set command update delay tmob (12nC;<,15ns - (12nCK,15ns) - (12nCK,15ns) - (12nCK, 15ns) - nCK -
ACT to internal READ or WRITE delay time treD 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 tcep 4 - 4 - 4 - 4 - nCK -
Auto-Precharge Wrtlitr(]e1 éecovery precharge toALmin WR + round up (treltckave) nCK )
Multi-Purpose register recovery Time tMPRR 1 - 1 - 1 - 1 - nCK | 23
ACTIVE to PRECHARGE command period tras See Standard Speed Bins - e
ACTIVE to ACTIVE command period for 1KB ¢ Max i Max i Max i Max i nCK e
page size RRD (4nCK,10ns) (4nCK,7.5ns) (4nCK,6ns) (4nCK,6ns)
ACTIVE to ACTIVE command period for 2KB ¢ Max i Max i Max i Max i nCK e
page size RRD (4nCK,10ns) (4nCK,10ns) (4nCK,7.5ns) (4nCK,7.5ns)
Four activate window for 1KB page size traw 40 - 37.5 - 30 - 30 - ns e
Four activate window for 2KB page size traw 50 - 50 - 45 - 40 - ns e
1.5V
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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
Us(eAse, 200 - 125 - 65 - 45 - ps | b17
AC175)
tch(fng' 350 - 275 - 190 - 170 - ps | b,17
Command and address setup time to CK, ) 135V
CK# referenced to Vin@ac)/ViLac) levels " -
IS(BASE, 215 - 140 - 80 - 60 - ps | b17
AC160)
Us(oase, 365 - 290 - 205 - 185 - ps | b17
AC135)
1.5V
Uni(base, 275 - 200 - 140 - 120 - ps | b,17
Command and Address hold time from CK, DC100) ’
CK# referenced to ViHpco)/ViLpc) levels 1.35V
Uri(base, 285 - 210 - 150 - 130 - ps | b,17
DC90)
Control and Address input pulse width for tow 900 ) 780 ) 620 ) 560 ) ps 29
each input
Calibration Timing
Max Max Max Max
Power-up and RESET calibration time tzQinit (512nCK,640 - (512nCK,640 - (512nCK,640 - (512nCK,640 - nCK -
ns) ns) ns) ns)
Max Max Max
Normal operation full calibration time tzQoper (256nCK,320 - Ma);é%i?:)CK, - (256nCK,320 - (256nCK,320 - nCK -
ns) ns) ns)
. . . Max
Normal operation short calibration short Max Max Max
calibration time tzqes (64”C;<'80”5 - 64ncK,80ns) | ~ | (eanckgons) | | (64ncCK,80ns) - ncK | 24
Reset Timing
. . Max Max Max Max
Exit Reset f“’gﬁrﬁrﬂ@” to avalid ter | GNCKtrrcmin | - | (5nCK, trrcmint | - | (5nCK, trrcmn+ | - | (5nCK, trrcmin - ncK | -
+ 10ns) 10ns) 10ns) + 10ns)
Self Refresh Timing
. - Max Max Max Max
Fxit Self Refresh o commands not requiring txs (5nCK.trecmin | - | (BnCK, teecmin+ | - | (5nCK, trrcmint | - | (5nCK, trrcmin - ncK | -
+ 10ns) 10ns) 10ns) + 10ns)
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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
Valid Clock Requirement after Self Refresh ¢ Max i Max i Max i Max i nCK i
Entry (SRE) or Power-Down Entry (PDE) CKSRE (5nCK,10ns) (5nCK,10ns) (5nCK,10ns) (5nCK,10ns)
Exit Self Refreslr:)(t:(l)( ec((j)r[r;rljiands requiring a txSpLL toLLKmin ) toLLKmin 3 toLLKmin . tDLLKmiIn - ncK -
Minimum CKE low width for Self refresh entry tckemin + _ _ ) tckemin + ) )
to exit timing tekesr 1nCK - tekemin + 1INCK - tekemin + 1NCK 1nCK nCK
Valid Clock Requirement before Self Refresh Max Max Max Max
Exit (SRX) or Power Dovyn Exit (PDX) or teksrx (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - nCK -
Reset Exit
Power Down Timing.51
Exit Power Down with DLL on to any valid
command, Exit Precharge Power Down with ¢ Max ) Max ) Max ) Max ) )
DLL frozen to commands not requiring a xP (3nCK,7.5ns) (3nCK,7.5ns) (3nCK,6ns) (3nCK,6ns) nCK
locked DLL
Exit Precharge Power Down with DLL frozen ¢ (10nglix24ns _ Max ) Max ) Max ) 2
to commands requiring a locked DLL XPDLL ) ' (10nCK,24ns) (10nCK,24ns) (10nCK,24ns) nCK
Max Max Max Max
CKE minimum pulse width teke (3nCK,7.5ns) - (3nCK,5.625 - (3nCK,5.625 - (3nCK,5ns) - nCK -
ns) ns)
Command pass disable delay tcpoED 1 - 1 - 1 - 1 - nCK -
e 9 x 9 x 9 x
Power Down Entry to Exit Timing trp tckEmin tckemin tcKEmin tcKEmin 9 x trer | NCK 16
tREFI tREFI tREFI
Timing of ACT command to Power Down tACTPDEN 1 i 1 i 1 i 1 i nck | 21
entry
Timing of PRE or PREA command to Power
Down entry tPRPDEN 1 - 1 - 1 - 1 - nCK 21
Timing of RD/RDA cgrr]\::;]and to Power Down fROPDEN RL+4+1 _ RL+4+1 ) RL+4+1 ) RL+4+1 ) nCK )
Timing of WR command to Power Down entry ¢ WL+ 4+ i WL+ 4+ i WL+ 4 + i WL+ 4 + i nCK 9
(BLBOTF, BLBMRS, BC40TF) WRPDEN (twr/tckave) (twr/tck(ave) (twr/tckave) (twr/tckave)
Timing of WRA command to Power Down ¢ WL+ 4 +WR i WL+4+WR + i WL+ 4 +WR + i WL+ 4 + WR i nCK 10
entry (BLBOTF, BL8MRS, BC4OTF) WRAPDEN +1 1 1 +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
Timing of WR command to Power Down entry " WL+ 2 _ WL+ 2 + i WL+ 2+ i WL+ 2+ i nCK 9
(BC4MRS) \WRPDEN +(twr/tck(ave)) (twritck(ava)) (tWR/tckave)) (tWR/tckave))
Timing of WRA command to Power Down i WL +2+WR i WL+2+WR+ i WL+2+WR+ i WL+2+WR i nck | 10
entry (BCAMRS) WRAPDEN +1 1 1 +1
Timing of REF command to Power Down tREFPDEN 1 _ 1 ) > ) > ) nCK 21,2
entry 2
Timing of MRS Cor:r:?:;nd to Power Down tMRSPDEN tMoDmin - tMoDmin - tMoDmin - tMoDmin - nCK -
ODT Timing
ODT turn on Latency Obrion WL-2=CWL+AL-2 nCK -
ODT turn off Latency Obrioff WL-2=CWL+AL-2 nCK -
ODT high time without WRITE command or
with WRITE command and BC4 Oprria 4 ) 4 ) 4 ) 4 ) nekl -
ODT high time Wlthlgll\_/ngE command and Obris 6 i 6 i 6 i 6 i nCK i
Asynchronous RTT turn-on delay (Power- )
Down with DLL frozen) taonpo 2 8.5 2 8.5 2 8.5 2 8.5 ns
Asynchronous RTT turn-off delay (Power- )
Down with DLL frozen) taorPD 2 8.5 2 8.5 2 8.5 2 8.5 ns
Rt turn-on taon -400 400 -300 300 -250 250 -225 225 ps 7, f
RtT.Nom @and Rrrwr) turn-off time from ODTL thor 03 0.7 03 0.7 0.3 0.7 03 0.7 teka 8 f
off reference VG)
Rrr dynamic change skew tapc 03 0.7 03 0.7 03 0.7 03 0.7 t\CIZ‘)A f
Write Leveling Timing
First DQS/DQS# rising edge after write fWLMRD 20 i 20 i 20 i 20 i nCK 3
leveling mode is programmed
DQS/DQS# delay after write leveling mode is
programmed twLDQSEN 25 - 25 - 25 - 25 - nCK 3
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Speed DDR3L/DDR3-800 DDR3L/DDR3-1066 DDR3L/DDR3-1333 DDR3L/DDR3-1600 _
Parameter Symbol Min Max Min Max Min Max Min Max onit | Note
e eveingseup ime TSk O | s | s | - | s |- | s |- as | - [es | -
Write leveling hold time from rising
DQS/DQS# crossing_ to rising CK, CK# twir 325 - 245 - 195 - 165 - ps -
crossing

Write leveling output delay twro 0 9 0 9 0 9 0 7.5 ns -
Write leveling output error twLoe 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 48 - Timing Parameters by Speed Bin
Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit | Note
Parameter Syrrbo Min Max Min Max
Clock Timing
Minimum clock cycle time (DLL off texkoLL_ 8 ) 8 ) ns 6
mode) OFF)

Average clock period tek(ave) See Standard Speed Bins - -
Average high pulse width tcH(avg) 0.47 0.53 0.47 0.53 tig’* -
Average low pulse width teL(av) 0.47 0.53 0.47 0.53 t\clz()A -

tekave)min | tek@ave)max | tek@ave)min | tokave)max

Absolute clock period tck(abs) + + ps -

+ i + i
tJIT(per)mln tJIT(per)max tJIT(per)mln tJIT(per)max
Absolute clock HIGH pulse width tCH(abs) 0.43 - 0.43 - tig’* 26
Absolute clock LOW pulse width teL(abs) 0.43 - 0.43 - t\clz()A 27
Clock period jitter torm(per) -60 60 -50 50 ps -
Clock period jitter QUrlng DLL locking tum(per, 50 50 -40 40 ps )
period Ick)
Cycle to cycle period jitter tum(co) 120 100 ps -
Cycle to cycle period jitter during DLL )
locking period tam(ce, Ick) 100 80 ps
Duty cycle jitter tuT(duty) - - - - - -
Cumulative error across 2 cycles tERR(2per) -88 88 -74 74 ps -
Cumulative error across 3 cycles tERR(3per) -105 105 -87 87 ps -
Cumulative error across 4 cycles tERR(4per) -117 117 -97 97 ps -
Cumulative error across 5 cycles tERR(5per) -126 126 -105 105 ps -
Cumulative error across 6 cycles tERR(6per) -133 133 -111 111 ps -
Cumulative error across 7 cycles tERR(7per) -139 139 -116 116 ps -
Cumulative error across 8 cycles tERR(8per) -145 145 -121 121 ps -
Cumulative error across 9 cycles tERR(9per) -150 150 -125 125 ps -
Cumulative error across 10 cycles tERRgmpe -154 154 -128 128 ps -
I
. tERR(11pe
Cumulative error across 11 cycles ) -158 158 -132 132 ps -
I
. tERR(12pe
Cumulative error across 12 cycles ) -161 161 -134 134 ps -
I
Cumulative error across n=13, 14 . .. ¢ terr(npenmin = ((1 + 0.68In(N)) X taiT(pen_total min) s o5
49, 50 cycles ERR(nper) tERR(nper)max = ((1 + O68In(n)) X 31T (per)_total max) P
Data Timing
DQS,DQS# to DQ skew, per group, per 0050 ) 85 ) 75 ps 13
acces
DQ output hold time from DQS, DQS# ton 0.38 - 0.38 - tig’* 13,9
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit | Note
Parameter Syr?bo Min Max Min Max
. . 13,15
DQ low impedance time from CK, CK# tLz Q) -390 195 -360 180 ps f
S . 13,15
DQ high impedance time from CK, CK# | tHz (pg) - 195 - 180 ps f
1.5V
e |- : : e o
Data setup time to DQS, DQS# tDs(base, ) )
referenced to Vinac)/ViLac) levels AC135) 68 53 ps d.18
1.35V
tDS(base, 70 _ _ _ pS d,18
AC135)
1.5V
tDH(base, } )
Data hold time from DQS, DQS# DC100) /0 55 ps d.18
referenced to Vinac)/ViLac) levels 1.35V
tDH(base, 75 _ _ _ pS d,18
DC90)
DQ and DM Inpuitnp‘))lljjltse width for each torpw 320 i 280 i ps 29
Data Strobe Timing
DQS, DQS;S:r:qet;Femlal READ treRE 0.9 Note 19 0.9 Note 19 tig’* 13620
DQS, DQS;g;ﬁfg?e”“a' READ trpsT 03 Note 11 03 Note 11 tiz()’* 11.13
DQS, DQS# dlf:?nrqeentlal output high tosh 0.4 ) 0.38 ) t\c/z()A 13,9
DQS, DQS# differential output low time tost 0.4 - 0.38 - t\clz()A 13,9
DQS, DQS# differential WRITE — 0.9 ) 0.9 ) teka 1
preamble ) ) VG)
DQS, DQS# differential WRITE twesT 0.3 ) 0.3 ) teka 1
preamble ’ ) VG)
DQS, DQS# rising edge output access _ )
time from rising CK, CK# tbesck 195 195 180 180 ps 13,f
DQS and DQS# low-impedance time 13,15
Q (ReferQence Qa-impeda s tLz(009) -390 195 -360 180 ps f
DQS and DQS# high-impedance time i i 13,15
(Referenced from RL + BL/2) tHz(oes) 195 180 ps f
DQS and DQpSUTSg'UﬁéfQ“a' inputlow | oo 0.45 0.55 0.45 0.55 tiz()’* 30,32
DQS and DQSj Sde'ﬁv‘jirdetﬂt'a' inputhigh | o 0.45 0.55 0.45 0.55 tig’* 31,32
DQS, DQS#rri'ssi':g ee(;jg?: O CKCKF 1 tooss 027 0.27 0.27 0.27 tig’* c
DQS, DQS# falling edge setup time to ) ) teka
CK, CK# rising edge toss 0.18 0.18 o) c,33
DQS, DQS# falling edge hold time from ) ) teka
CK, CK# rising edge tosH 0.18 0.18 ve) c,33
Command and Address Timing
DLL locking time toLik 512 - 512 - nCK -
Max Max
Internal READ command to
PRECHARGE command delay trTP (4nCK),7.5n - (4nCK),7.5n - nCK e
s s
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit | Note
Parameter Syr?bo Min Max Min Max
. Max Max
Delay from start of internal WRITE
transaction to internal READ command twrR (4nC;<),7.5n i (4nC;<),7.5n i nCK | 19
Write recovery time twr 15 - 15 - ns e,19
MODE REGISTER. SET command RO 4 i 4 i nCK i
cycle time
MODE REGISTER SET command ¢ Max(12nC _ Max(12nC ) nCK )
update delay Mob K,15ns) K,15ns)
ACT to internal Rtlizn";\eD or WRITE delay trep See Standard Speed Bins i e
PRE command period trp See Standard Speed Bins - e
ACT to ACT or REF command period trc See Standard Speed Bins - e
CAS# to CAS# command delay tcep 4 - 4 - nCK -
Auto-prclzcr:‘g(z:arr]gafgv‘;/rtlitr‘?1 QECOVEW toALmin WR + roundup (tre/ tck(ave)) nCK -
Multi-Purpose register recovery time tMPRR 1 - 1 - nCK 23
ACTIVE to PRECHARGE command tras See Standard Speed Bins - e
period
. Max Max
ACTIVE to ACTIVE command period trro (4nCK.5.0n i (4nCK.5.0n i nCK e
for 1KB page size
s) s)
. Max Max
ACTIVE to ACTIVE command period trro (4nCK,6.0n _ (4nCK,6.0n ) nCK e
for 2KB page size
s) s)
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
trisBASE, _ _ _ _ ps b,17
AC150)
Command and address setup time to lis(oase, 150 - 135 . ps | b7
CK, CK# referenced to Vinpac)y/ViLac) AC129)
levels 1.35Vv
tis(base, 65 _ R - ps b,17
AC135)
Us(oase. 150 ; - - ps | b17
AC125)
1.5V
tIH(base,
Command and Address hold time from [ ¢4, 100 i 95 - ps | b7
CK, CK# referenced to ViHpc)/ViLpc)
levels 1.35vV
tiH(base, 110 - - - ps | b,17
DC90)
Control and address _Input pulse width tew 535 i 470 i ps 29
for each input
Calibration Timing
Max (512Ana()3(K 6
Power-up and Reset calibration time tzqinit (512:53K,6 - 40 ' - nCK -
ns) ns)
Max Max
Normal operation Full calibration time tzQoper (256nCK, - (256nCK, - nCK -
320ns) 320ns)
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit | Note
Parameter Syr?bo Min Max Min Max
. . . Max Max
Normal operatlgn short pallbratlon short tzocs (64nCK,80 _ (64nCK,80 ) nCK 24
calibration time
ns) ns)
Reset Timing
. . . Max Max
Exit Reset froc’gn?nfa'zn';'gh to avalid ter | (5NCK,trrc - (5nCK trrc - ncK | -
min + 10NS) min + 10NS)
Self Refresh Timing
Exit Self Refresh to commands not Max Max
requiring a locked DLL txs (5nCK,trFc - (5nCK,trFc - nCK -
a g min + 10NS) min + 10NS)
Exit Self Refresh to commands . _
requiring a locked DLL txspLL tDLLKmIn - tDLLKmin - nCK -
Minimum CKE low width for Self refresh t tckemin + ) tckemin + ) nCK )
entry to exit timing CKESR 1nCK 1nCK
Valid Clock Requirement after Self Max Max
Refresh Entry (SRE) or Power-Down tcksre (5nCK,10n - (5nCK,10n - nCK -
Entry (PDE) s) s)
Valid Clock Requirement before Self Max Max
Refresh Exit (SRX) or Power-Down Exit | tcksrx (5nCK,10n - (5nCK,10n - nCK -
(PDX) or Reset Exit S) S)
Power Down Timing
Exit Power Down with DLL on to any
valid command, Exit Precharge Power ¢ Max _ Max ) nCK )
Down with DLL frozen to commands XP (3nCK,6ns) (3nCK,6ns)
not requiring a locked DLL
Exit Precharge Power Down with DLL Max Max
frozen to commands requiring a locked txpDLL (10nCK,24 - (10nCK,24 - nCK 2
DLL ns) ns)
CKE minimum pulse width teke Max - Max - nCK -
(3nCK,5ns) (3nCK,5ns)
Command pass disable delay tcpoED 2 - 2 - nCK -
Power Down Entry to Exit Timing tep tcKEmin 9 X trEFI tcKEmin 9 xtrerr | NCK 16
Timing of ACT command to Power
Down entry tactpoEN 1 - 2 - nCK | 21
Timing of PRE or PREA command to
Power Down entry tPRPDEN 1 - 2 - nCK 21
Timing of RD/RDA command to Power
Down entry tropDEN | RL+4 + 1 - RL+4+1 - nCK -
Timing of WR command to Power WL+ 4+ WL+ 4 +
Down entry (BLBOTF, BLBMRS, WRPDEN | (g oft - twrlt - nCK 9
BC4OTF) (twr/tck(ave) (twr/tck(ave)
Timing of WRA command to Power
Down entry (BL8OTF, BL8MRS, tWRAPDE V\\/’\}'R’Lff - V\\/’\}'R’Lff ; nCK | 10
BC4OTF) N
Timing of WR command to Power ¢ WL+2+ _ WL+2+ ) nCK 9
Down entry (BC4MRS) WRPDEN | (tyr/tck(ave) (twr/tckave)
Timing of WRA command to Power twRAPDE WL+ 2+ _ WL+ 2+ i nCK
Down entry (BC4AMRS) N WR+1 WR+1 10
Timing of REF command to Power
Down entry tREFPDEN 1 - 2 - nCK | 21,22
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Speed DDR3L/DDR3-1866 DDR3L/DDR3-2133
Unit | Note
Parameter Syr?bo Min Max Min Max
Timing of MRS command to Power tMRSPDE t ) } t ! . . .
Down entry N MODmin MODmin
ODT Timing
ODT turn on Latency ObrLon WL-2=CWL+AL-2 nCK -
ODT turn off Latency Obrioff WL-2=CWL+AL-2 nCK -
ODT high time without WRITE
command or with WRITE command ObTH4 4 - 4 - nCK -
and BC4
ODT high time with WRITE command
and BLS ObtHs 6 - 6 - nCK -
Asynchronous Rrr turn-on delay
(Power- Down with DLL frozen) taonpD 2 8.5 2 8.5 ns i
Asynchronous Rt turn-off delay
(Power- Down with DLL frozen) tAoFPD 2 8.5 2 8.5 ns
Rt turn-on taoN -195 195 -180 180 ps 7, f
Rrtnom @nd Rrrwr) turn-off time from teka
ODTL off reference taor 0.3 0.7 0.3 0.7 o 8,f
Rrt dynamic change skew tanc 0.3 0.7 0.3 0.7 foxa f
VG)
Write Leveling Timing
First DQS/DQS# nsmg edge after write fWLMRD 40 i 40 i nCK 3
leveling mode is programmed
DQS/DQS# dglay after write leveling twLpQse o5 i o5 i nCK 3
mode is programmed N
Write leveling setup time from rising
CK, CK# crossing to rising DQS/DQS# twis 140 - 125 - ps -
crossing
Write leveling hold time from rising
DQS/DQS# crossing to rising CK, CK# tww 140 i 125 i pS i
Write leveling output delay twro 0 7.5 0 7.5 ns -
Write leveling output error twLoe 0 2 0 2 ns -
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11.3 Jitter Notes

Note:
a.

Unit ‘tekave)’ represents the actual wckave) of the input clock under operation. Unit ‘nCK’ represents one clock cycle of
the input clock, counting the actual clock edges.ex turo = 4 [NnCK] 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(ave) + tERR(per)min.

These parameters are measured from a command/address signal (CKE, CS#, RAS#, CAS#, WE#, ODT, BAO, A0,
Al, etc.) transition edge to its respective clock signal (CK/CK#) crossing. The spec values are not affected by the
amount of clock jitter applied (i.e., tur(pen, tat(cc), €tc.), as the setup and hold are relative to the clock signal crossing
that latches the command/address. That is, these parameters should be met whether clock jitter is present or not.
These parameters are measured from a data strobe signal (DQS(L/U), DQS(L/U) #) crossing to its respective clock
signal (CK, CK#) crossing. The spec values are not affected by the amount of clock jitter applied (i.e., tar(pen, tarcc),
etc.), as these are relative to the clock signal crossing. That is, these parameters should be met whether clock jitter
is present or not.

These parameters are measured from a data signal (DM(L/U), DQ(L/U)O, DQ(L/U)1, etc.) transition edge to its
respective data strobe signal (DQS(L/U), DQS(L/U) #) crossing.

For these parameters, the DDR3 SDRAM device supports taparam [NCK] = RU {traram [nS]/tckave) [NS]}, which is in
clock cycles, assuming all input clock jitter specifications are satisfied. For example, the device will support thre = RU
{trritck(ave)}, Which is in clock cycles, if all input clock jitter specifications are met. This means: For DDR3L/DDR3-800
6-6-6, of which trp = 15ns, the device will support thre = RU {treitckave)} = 6, as long as the input clock jitter
specifications are met, i.e. PRECHARGE command at Tm and ACTIVE command at Tm+6 is valid even if (Tm + 6 -
Tm) is less than 15ns due to input clock jitter.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual terr(mper), 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),act,max
=+ 193ps, then tbgsck, min(derated) = tpQsck,min - tERR(mpen),act,max = - 400ps - 193ps = - 593ps and tbgsck,max(derated) = tQSCK,max
- teErRR(mpen),actmin = 400ps + 172ps = + 572ps. Similarly, tizpg) for DDR3L-800 derates to tLzpq) min(derated) = - 800pS -
193ps = - 993ps and tLz(pQ)max(derated) = 400ps + 172ps = + 572ps. (Caution on the min/max usage).

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

When the device is operated with input clock jitter, this parameter needs to be derated by the actual tiit(pen, 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 tckave),act = 2500pS, tam(per),actmin = - 72ps and tam(pen,actmax = + 93ps, then trrrE,min(derated)
= trRPRE,min + taiT(pen,actmin= 0.9 X tckave)act + taT(en,actmin = 0.9 X 2500ps - 72ps = + 2178ps. Similarly, tqH,min(derated) =
toH,min + tuT(pen,actmin = 0.38 X tck(ave)act + tuT(pen,actmin = 0.38 x 2500ps - 72ps = + 878ps. (Caution onthe min/max
usage.)
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11.4  Timing Parameter Notes

Note:
1.

CONOOA~AWN

10.
. The maximum READ postamble is bound by toosckmin plus tosHmin 0n the left side and tHzpos)max on the right side. See

12.
13.
14.

15.
16.

17.

18.

19.
20.

21.

22.
23.

24.
25.

26.

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

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

The max values are system dependent.

WR as programmed in mode register.

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

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

For definition of RTT turn-on time taon.

For definition of RTT turn-off time taor.

twr is defined in ns, for calculation of twrepen it is necessary to round up twr/tck to the next integer.
WR in clock cycles as programmed in MRO.

“Clock to data strobe relationship”.
Output timing deratings are relative to the SDRAM input clock. When the device is operated with input clock jitter, this
parameter needs to be derated by t.b.d.
Value is only valid for Ronaa.
Single-ended signal parameter.
trerl depends on Torer.
tis(base) @nd tiH(base) Values are for 1V/ns CMD/ADD single-ended slew rate and 2V/ns CK, CK# differential slew rate.
Note for DQ and DM signals, Vrer(pc) = VRerpq(c). For input only pins except RESET#, Vrerpc) = VRerca(c). See
“Address/ Command Setup, Hold and Derating” in Section 11.5.
tos(base) @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) = VRerpq(pc). For input only pins except RESET#, Vrerpc) = VRercapc). See
“Data Setup, Hold and Slew Rate Derating” in Section 11.6.
Start of internal write transaction is defined as follows:
For BL8 (fixed by MRS and on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL.
For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.
The maximum READ preamble is bound by t.zpqs)min 0N the left side and tbesckmax 0N the right side.
CKE is allowed to be registered LOW while operations such as row activation, precharge, auto-precharge or refresh
are in progress, but power-down IDD spec will not be applied until finishing those operations.
Although CKE is allowed to be registered LOW after a REFRESH command once trerpoenmin is satisfied, there are
cases where additional time such as txeoLLmin is also required.
Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.
One ZQCS command can effectively correct aminimum of 0.5% (ZQ Correction) of RON and RTT impedance error
within 64 nCK for all speed bins assuming the maximum sensitivities specified in the ‘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 x Vdriftrate)

where TSens = max (dRtrdT, dRondTM) and VSens = max (dRrrdV, dRondVM) defines 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 3
(1.5 % 1) + (0.15 x 15) ~
n = from 13 cycles to 50 cycles. This row defines 38 parameters.
tch(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling
edge.
tcLbs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising
edge.

0.133 = 128ms
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27. The tnis(sast, 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 Vrerpc) and the consecutive crossing
of VRer(po).

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.togsH, act + togsL, act = 1tCK, act with txyz, act being the actual measured value of the respective timing parameter in
the application.

32. tobsH, act + toss, act = 1tCK, act with txyz, act being the actual measured value of the respective timing parameter in
the application.
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11.5 Address/Command Setup, Hold and Derating

For all input signals the total tis (setup time) and ti+ (hold time) required is calculated by adding the datasheet tispase) and
tiHbase) value (see Table 49) to the Atis and AtH derating value (see Table 51) respectively.

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

Setup (tis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer(oc) and the first
crossing of Vinacymin. Setup (tis) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vreroc) and the first crossing of Viiacymax. If the actual signal is always earlier than the nominal slew rate line between
shaded ‘Vrer(oc) to AC region’, use nominal slew rate for derating value (see Figure 24). If the actual signal is later than
the nominal slew rate line anywhere between shaded ‘Vrer(oc) to AC region’, the slew rate of a tangent line to the actual
signal from the AC level to Vrer(oc) level is used for derating value (see Figure 26).

Hold (t+) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLoc)max and the first
crossing of Vrer(oc). Hold (tiH) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
ViHocmin and the first crossing of Vrero). 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 25). If the actual signal is earlier than
the nominal slew rate line anywhere between shaded ‘DC to Vrer(c) region’, the slew rate of a tangent line to the actual
signal from the DC level to Vrer(oc) level is used for derating value (see Figure 26).

For a valid transition the input signal has to remain above/below ViHiL(ac) for some time tvac (see Table 58). Although for slow
slew rates the total setup time might be negative (i.e. a valid input signal will not have reached ViniL(ac) at the time of the
rising clock transition), a valid input signal is still required to complete the transition and reach ViniLac). For slew rates in
between the values listed in Table 51 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 49 - ADD/CMD Setup and Hold Base-Values for 1V/ns (1.35V)

Symbol Reference | DDR3L-800 [DDR3L-1066|DDR3L-1333|DDR3L-1600DDR3L-1866|DDR3L-2133| Unit
tis(BASE, AC160) VIHIL(AC) 215 140 80 60 - - ps
tis(base, AC135) VIHIL(AC) 365 290 205 185 65 60 ps
tis(base, AC125) VIHIL(AC) - - - - 150 135 ps

tiH(base, DCY0) 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# slew rate.

2. The tispase, ac13s) Specifications are adjusted from the tisgase, ac160) Specification by adding an additional 125ps for DDR3L- 800/1066
or 100ps for DDR3L-1333/1600 of derating to accommodate for the lower alternate threshold of 135mV and another 25ps to account
for the earlier reference point [(160mV - 135mV)/1V/ns].

3. The tigpase, ac12s) Specifications are adjusted from the tispase, ac13s) Specification by adding an additional 75ps for DDR3L-1866 and
65ps for DDR3L-2133 to accommodate for the lower alternate threshold of 125mV and another 10ps to account for the earlier
reference point [(135mV - 125mV)/1V/ns].
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Table 50 - 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
lis(BASE, AC175) VIHIL(AC) 200 125 65 45 - - ps
tris@ase, Ac150) | VIHIL(AC) 350 275 190 170 - - ps
lis(base, AC135) VIHIL(AC) - - - - 65 60 ps
tis(base, AC125) VIHIL(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.

Table 51 - Derating value DDR3L-800/1066/1333/1600 tis/tH — AC/DC based AC160 Threshold (1.35V)

Atis, Aty derating in [ps] AC/DC based
AC160 Threshold -> Viniac) = VRerpc) + 160mV, ViLac) = VRrer(c) - 160mV
CK, CK# Differential Slew Rate

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

20 | 80 (45| 8 | 45 |80 | 45 | 88 | 53 [ 96 | 61 | 104 | 69 | 112 | 79 | 120 | 95

15 | 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

CMDIADD 09 | -1 |(-3|-1(-3]|-1]-3 7 5 |15 (13 | 23 (21 | 31| 31 | 39 | 47
Slew Rate o8| -3(-8)|-3|-8]|-3]-8 5 1 (13| 9 |21 |17 | 29 | 27 | 37 | 43
vins 0.7 5 (-13| -5 [-13| -5 | -13 3 -5 11 3 19 M| 27| 21| 3 | 37
06 | -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 | -1 0 5
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Table 52 - Derating value DDR3L-800/1066/1333/1600 tis/tn — AC/DC based Alternate AC135 Threshold (1.35V)

Atis, Aty derating in [ps] AC/DC based
Alternate AC135 Threshold ->Vinac) = VRer(pc) + 135mV, ViLac) = VRer(pc) - 135mV
CK, CK# Differential Slew Rate

4.0Vins 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4V/ins 1.2V/Ins 1.0V/ns
Ats | Aty | Atis | Aty | Atis | Atp | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Aty

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

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

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

CMD/ADD 0.9 2 -3 2 -3 2 -3 10 5 18 | 13 | 26 | 21 | 34 | 31 | 42 | 47
Slew Rate 0.8 3 -8 3 -8 3 -8 1 1 19 9 27 | 17 | 35 | 27 | 43 | 43
Vins 0.7 6 -13 | 6 -13 | 6 -13 | 14 | -5 22 3 30 1| 38 | 21 | 46 | 37
0.6 9 20| 9 20| 9 -20 | 17 | 12 | 25 -4 33 4 41 | 14 | 49 | 30

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

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

Table 53 - Derating value DDR3L-1866/2133 tis/tn — AC/DC based Alternate AC125 Threshold (1.35V)
Atis, Atin derating in [ps] AC/DC based
Alternate AC125 Threshold -> Vinac) = VRerpc) + 125mV, ViLac) = Vrerc) - 125mV
CK, CK# Differential Slew Rate

4.0Vins 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4Vins 1.2V/Ins 1.0V/ns
Ats | Aty | Atis | Aty | Atis | Atp | Atis | Aty | Atis | Aty | Atis | Atp | Atis | Aty | Atis | Aty

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

CMD/ADD 0.9 3 -3 3 -3 3 -3 1 5 19 | 13 | 27 | 21 | 35 | 31 | 43 | 47
Slew Rate 0.8 6 -8 6 -8 6 -8 14 1 22 9 30 | 17 | 38 | 27 | 46 | 43
vins 0.7 10 | -13 | 10 | -13 | 10 | -13 | 18 | -5 26 3 34 n | 42 | 21 | 50 | 37
0.6 16 | -20 | 16 | -20 | 16 | -20 | 24 | -12 | 32 4 40 | -4 | 48 | 14 | 56 | 30

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

0.4 13 | 45| 13 | 45| 13 |45 | 21 | -837 | 29 |-29 | 37 | -21 | 45 | -11 | 53 5
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Table 54 - Derating value DDR3-800/1066/1333/1600 tis/tin — AC/DC based AC175 Threshold (1.5V)
Atis, Aty derating in [ps] AC/DC based
AC175 Threshold -> Vinac) = VRerpc) + 175mV, ViLac) = VRrer(c) - 175mV
CK, CK# Differential Slew Rate
4.0Vins 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4Vins 1.2V/ns 1.0V/ns
Ats | Aty | Atis | Aty | Atis | Atn | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Aty
20 | 88 | 50 | 8 | 50| 8 | 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
CMD/ADD 0.9 -2 -4 -2 -4 -2 -4 6 4 14 | 12 | 22 | 20 | 30 | 30 | 38 | 46
Slew Rate 0.8 6 |-10| 6 |-10| 6 |-10| 2 -2 10 6 18 | 14 | 26 | 24 | 34 | 40
Vins 07 |-1n|-16| -1 |-16 | -11 | -16 | -3 -8 5 0 13 8 21 | 18 | 29 | 34
06 |-17|-26 | -17 | -26 | -17|-26 | -9 |-18| -1 |-10| 7 -2 15 8 23 | 24
05 |-35|-40|-35|-40|-35|-40|-27|-32|-19|-24|-11|-16 | -2 -6 5 10
04 | -62|-60|-62|-60|-62|-60 |-54|-52|-46 | -44 | -38 | -36 | -30 | -26 | -22 | -10
Table 55 - Derating value DDR3-800/1066/1333/1600 tis/tin — AC/DC based AC150 Threshold (1.5V)
Atis, Atin derating in [ps] AC/DC based
Alternate AC150 Threshold -> Vinac) = Vrer(oc) + 150mV, ViLac) = VRrer(pc) -150mV
CK, CK# Differential Slew Rate
4.0Vins 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4V/ins 1.2V/Ins 1.0V/ns
Ats | Aty | Atis | Aty | Atis | Atp | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Aty | Atis | At
2.0 75 | 50 | 75 | 50 | 75 | 50 | 83|58 |91 |66 |99 | 74 |107| 84 | 115 | 100
15 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
CMD/ADD 0.9 0 -4 0 -4 0 -4 8 4 16 | 12 | 24 | 20 | 32 | 30 | 40 | 46
Slew Rate 0.8 0 -:10| O -:10| 0 | -10| 8 -2 16 6 24 | 14 | 32 | 24 | 40 | 40
Vins 0.7 0 -16 | O -16 | 0 | -16 | 8 -8 16 0 24 8 32 | 18 | 40 | 34
06 | -1 |26 -1 |-26|-1|-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
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Atis, Atin derating in [ps] AC/DC based
Alternate AC135 Threshold -> Vihac) = Vrerpc) + 135mV, ViLac) = Vrerpc) - 135mV
CK, CK# Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ins 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
Atis | At | Atis | At | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Atin | Atis | Atin | Atis | At
20 | 68 | 50 | 68 | 50 | 68 | 50 | 76 | 58 | 84 | 66 | 92 | 74 | 100 | 84 | 108 | 100
15 | 45 | 34 | 45 | 34 | 45 | 34 | 53 | 42 | 61 | 50 | 69 | 58 | 77 | 68 | 85 | 84
1.0 0 0 0 0 0 0 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
CMDJ/ADD 0.9 2 -4 2 -4 2 -4 | 10 4 18 | 12 | 26 | 20 | 34 | 30 | 42 | 46
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
Table 57 - Derating value DDR3-1866/2133 tis/tit — AC/DC based AC125 Threshold (1.5V)
Atis, Atin derating in [ps] AC/DC based
Alternate AC125 Threshold -> Vinac) = Vrer(oc) + 125mV, ViLac) = VRer(pc) -125mV
CK, CK# Differential Slew Rate
4.0Vins 3.0V/ns 2.0V/Ins 1.8V/ns 1.6V/ns 1.4V/ins 1.2V/ns 1.0V/ns
Atis | At | Atis | At | Atis | Aty | Atis | Aty | Atis | Aty | Atis | Atig | Atis | Atin | 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
CMD/ADD 0.9 4 -4 4 -4 4 -4 | 12 4 20 | 12 | 28 | 20 | 36 | 30 | 44 | 46
Slew Rate 0.8 6 |-10| 6 |-10| 6 |-10| 14 | -2 | 22 6 30 | 14 | 38 | 24 | 46 | 40
vins 0.7 1n|-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
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Table 58 - Required minimum time tvac above Viiac) {below Viiac)} for valid ADD/CMD transition (1.35V)
DDR3 DDR3L
Slew Rate [V/ns] 800/1066/1333/1600 1866/2133 800/1066/1333/1600 1866/2133
175mV 150mV 135mV 125mV 160mV 135mV 135mV 125mV
[ps] [ps] [ps] [ps] [ps] [ps] [ps] [ps]
>2.0 75 175 168 173 200 213 200 205
2.0 57 170 168 173 200 213 200 205
1.5 50 167 145 152 173 190 178 184
1.0 38 130 100 110 120 145 133 143
0.9 34 113 85 96 102 130 118 129
0.8 29 93 66 79 80 m 99 m
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 Viuac) level and falling input signal shall become equal to or less than Vi ac)

level.
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Figure 24 - lllustration of nominal slew rate and tvac for setup time tis (for ADD/CMD with respect to clock)
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Figure 25 - lllustration of nominal slew rate for hold time tin (for ADD/CMD with respect to clock)
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Figure 26 - lllustration of tangent line for setup time tis (for ADD/CMD with respect to clock)

CK

Vboa

ViHac)min

V .
H(ECmn Y Tangent

line
Vrerpe)  REEEE TS EEEETE SR

VIL(DC}max R D

region

ViL@acmax

VSS

ATF ATR

tangent line[Vigacymin — VREF(do)]
ATR

Setup Slew Rate Rising Signal =

tangent line[VREF(dc) - V]L(ac)max]
ATF

Setup Slew Rate Falling Signal =

UnilC Techdoc, Rev. B 2024-6
81/96



Qiil Data Sheet
SCB13H2G160FF

UnI|C 2Ghit DDR3 SDRAM
Figure 27 - lllustration of tangent line for hold time tiu (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 ime) required is calculated by adding the data sheet tbspase) and toHpase)
values to the Atps and Atpn 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 Vreroc) 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 28). 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 ‘Vrer(pc) 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 30).

Hold (tor) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpocymax 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
ViHpoymin @nd the first crossing of Vrerpc) (see Figure 29). If the actual signal is always later than the nominal slew rate line
between shaded ‘DC level to Vrer(pc) region’, use nominal slew rate for derating value. If the actual signal is earlier than the
nominal slew rateline anywhere between shaded ‘DC to Vrer(pc) region’, the slew rate of a tangent line to the actual signal
from the DC level to Vrer(pc) level is used for derating value (see Figure 31).

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

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation. These
values are typically not subject to production test. They are verified by design and characterization.

Data Setup and Hold Base-Values (1.35V)

Table 59 - Data Setup and Hold Base-Values (1.35V)

Symbol Reference |DDR3L-800 [DDR3L-1066|DDR3L-1333DDR3L-1600[DDR3L-1866|DDR3L-2133|Unit|Note
tDs(base, AC160) S;{/ : Z/T\A/C/)ns 90 40 - - - - ps | 2
tDs(base, AC135) s;a/ s 140 90 45 25 . - ps | 2
tbs(base, AC130) s ;2/ ! Z/LZ(Q/(?n s - - - - 70 55 ps 1
tDH(base, DC90) s;e/ |i/|_2(|\3/c/)n s - - - - 75 60 ps | 2
tDH(base, DC90) s;a/ s 160 110 75 55 . - ps | 1

Table 60 - Data Setup and Hold Base-Values (1.5V)

Symbol Reference | DDR3-800| DDR3-1066 |DDR3-1333|DDR3-1600|DDR3-1866|DDR3-2133|Unit|Note
tDs(base, AC175) S;{/ I:/L:K/(%s 75 25 - - - - ps | 2
tos(base, AC150) S;{/ IZILJ(_A\\ZLS 125 75 30 10 - - ps | 2
tos(base, AC135) S;{’ s | 165 115 60 40 - - ps | 2,3
tbs(base, AC135) S;{/ I:/LZ(Q/(% s - - - - 68 53 ps 1
tDH(base, DC100) S;{/ IZILJ(_A\\ZLS 150 100 65 45 - - ps| 3
tbH(base, DC100) SI;/ Ii”'z('i‘/(;:,] 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 61 - Derating values for DDR3L-800/1066 tps/tor - (AC160) (1.35V)

Data Sheet

SCB13H2G160FF

2Gbit DDR3 SDRAM

AC160 Threshold-> Vinac) = Vreroc) + 160mV, ViLac) = VRer(c) - 160mV
DQS, DQS# Differential Slew Rate
DDR3L 4.0Vins 3.0V/ns 2.0V/ns 1.8Vins 1.6V/ns 1.4V/Ins 1.2VIns 1.0V/ns
A tps| AtpH | A tps | AtpH | A tps| AtpH | A tps| AtpH | A tbs| AtpH | A tbs|AtpH| A tos | AtpH | A tos| AtpH
20 | 80 | 45 80 45 80 | 45 - - - - - - - - - -
15 | 53 | 30 53 30 53 30 61 | 38 - - - - - - - -
1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
DQ | 0.9 - - -1 -3 -1 -3 7 5 15 13 23 | 21 - - - -
2o | - | -] -] -85 |1|s|e|afwr|ae 2] -] -
Vins | 0.7 | - - - - - - 3 | 5|11 | 3 |19 |11]| 27 | 21| 35 | 37
0.6 - - - - - - - - 8 -4 16 4 24 14 32 30
0.5 - - - - - - - - - - 4 -6 12 4 20 20
0.4 - - - - - - - - - - - - -8 -11 0 5
Note:
1. Cell contents which is ‘-’ are defined as ‘not supported’.
Table 62 - Derating values for DDR3L-800/1066/1333/1600 tps/ton - (AC135) (1.35V)
AC135 Threshold-> Vinac) = Vreroe) + 135mV, ViLac) = VRer(c) - 135mV
DQS, DQS# Differential Slew Rate
DDR3L 4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0Vins
A tps| AtpH | A tps | AtpH | A tps| AtpH | A tps| AtpH | A tps| AtpH | A tps| AtpH| A tps | AtpH | A tps| AtpH
20 | 68 | 45 68 45 | 68 | 45 - - - - - - - - - -
15 | 45 | 30 45 30 | 45 34 | 53 | 38 - - - - - - - -
1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
DQ | 0.9 - - 2 -3 2 -3 10 5 18 13 26 | 21 - - - -
SRlstvg 0.8 - - - - 3 -8 11 1 19 9 27 | 17 | 35 27 - -
Vins | 0.7 - - - - - - 14 -5 22 3 30 | 11 38 21 46 37
0.6 - - - - - - - - 25 -4 33 4 41 14 | 49 30
0.5 - - - - - - - - - - 29 | -6 37 4 45 20
0.4 - - - - - - - - - - - - 30 -11 | 38 5
Note:
1. Cell contents which is ‘-’ are defined as ‘not supported’.
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Table 63 - Derating values for DDR3L-1866 tps/toH - (AC130) (1.35V)
AC130 Threshold-> Vinac) = Vreroc) + 130mV, ViLac) = Vrer(c) - 130mV
DQS, DQS# Differential Slew Rate
DDR3L 8.0V/ns 7.0Vins 6.0V/ns 5.0V/ins 4.0V/ins 3.0V/ns 2.0V/ins 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0V/ins
A tps| AtpH | A tps | AtpH | A tps| AtpH | A tbs| AtpH | A tps| AtpH | A tps | AtpH| A tos | AtpH | A tps| AtpH | A tpbs | AtpH | A tps| AtpH | A tbs| AtpH | A tps| AtoH
40 | 33 | 23 33 23 33 23 - - - - - - - - - - - - - - - - - -
35 | 28 19 28 19 28 19 28 19 - - - - - - - - - - - - - - - -
3.0 | 22 15 22 15 22 15 22 15 22 15 - - - - - - - - - - - - - -
2.5 - - 13 9 13 9 13 9 13 9 13 9 - - - - - - - - - - - -
2.0 - - - - 0 0 0 0 0 0 0 0 0 0 - - - - - - - - - -
15 - - - - - - 22 | -15 | -22 | -15 | -22 | -15| -22 | -15 | -14 -7 - - - - - - - -
F?eges\l/%vs 1.0 - - - - - - - - 65 | 45 | 65 | -45| -65 | -45 | -57 | -37 | -49 | -29 - - - - - -
0.9 - - - - - - - - - - -62 | -48 | -62 | 48 | -54 | 40 | 46 | -32 | -38 | -24 - - - -
0.8 - - - - - - - - - - - - -61 | -53 | 53 | 45 | 45 | -37 | -37 | -29 | -29 | -19 - -
0.7 - - - - - - - - - - - - - - 49 | 50 | 41 | 42 | -33 | -34 | -25 | -24 | -17 -8
0.6 - - - - - - - - - - - - - - - - 37 | 49 | -29 | 41 | -21 | -31 | -13 | -15
0.5 - - - - - - - - - - - - - - - - - - -31 | 51 | -23 | 41 | -15 | -25
0.4 - - - - - - - - - - - - - - - - - - - - -28 | -56 | -20 | -40
Note:

1. Cell contents which is ‘-" are defined as ‘not supported’.
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Table 64 - Derating values for DDR3-800/1066 tps/tpH - (AC175) (1.5V)

Data Sheet

SCB13H2G160FF
2Gbit DDR3 SDRAM

AC175 Threshold-> Vihac) = Vrerc) + 175mV, ViLac) = VRer@c) - 175mV
DQS, DQS# Differential Slew Rate
DDR3 4.0VIns 3.0V/ns 2.0VIns 1.8V/ns 1.6V/ns 1.4VIns 1.2V/ns 1.0V/ns
A tps| AtpH| A tps| AtpH | A tps| Atpn | A tps| Ator| A tos| Atpr| A tbs|Atpn| A tps| Atpn | A tps| Aton
20 |8 | 50 | 88 | 50 | 88 | 50 | - - - - - - - - - -
15 | 59 | 34 | 59 | 34 | 59 | 34 | 67 | 42 | - - -] - - - - -
1.0 0 | 0 0 o| oo | 8|8 |16]16 | - | - - - - -
DQ | 09 | - - -2 4 | -2 | -4 6 4 | 14 | 12 | 22 | 20 - - - -
a'aet"(‘e’ 08 | - - - - 6 |10 2 | 2| 10| 6 | 18 [14| 26 | 24 | - -
Vins | 0.7 | - - - - - - 3| 8|5 0 |13 | 8 | 21 | 18 | 29 | 34
06 | - - - - - - - - | 1 ]-10] 7 [ 2] 15| 8 | 23 | 24
05 | - - - - - - - - - - |11 -6 2 | -6 | 5 | 10
04 | - - - - - - - - - - - | - | 30| -26]|-22]-10
Table 65 - Derating values for DDR3-800/1066/1333/1600 tps/toH - (AC150) (1.5V)
AC150 Threshold-> Vihac) = Vrerc) + 150mV, ViLac) = VRer@c) - 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0VIns 3.0V/ns 2.0VIns 1.8V/ins 1.6V/ns 1.4VIns 1.2V/ns 1.0V/ns
A tps| AtpH| A tps| AtpH | A tps| AtpH | A tps| Ator| A tos| Atpr| A tbs|Atpn| A tps| AtpH | A tps| Aton
20| 75| 50 | 75 | 50 | 75 | 50 - - - - - - - - -
15|50 | 34 | 50 | 34 | 50 | 34 | 58 | 42 | - - - - - - - -
1.0 0 | 0 0 o | 0| o | 8| 8 [16]|16 | - | - - - - -
DQ | 09 | - - 0 -4 0 -4 8 4 | 16 | 12 | 24 | 20 - - - -
SeWlos | - | - | - | - [0 |08 | 2166 |24 |14] 3 |2a]| - |-
Vvins | 0.7 | - - - - - - 8 | 8 |16 | 0 | 24| 8 | 32 | 18 | 40 | 34
06 | - - - - - - - - |15 |10 23| 2] 31| 8 |39]| 24
05 | - - - - - - - - - - | 14 |-16| 22 | -6 | 30 | 10
04 | - - - - - - - - - - - | -] 7 | -26] 15 | -10
Table 66 - Derating values for DDR3-800/1066/1333/1600 tps/tpn - (AC135) (1.5V)
AC150 Threshold-> Vinac) = Vreroce) + 150mV, ViLac) = Vrer(oc) - 150mV
DQS, DQS# Differential Slew Rate
DDR3 4.0Vins 3.0V/ns 2.0V/ns 1.8Vins 1.6V/ins 1.4Vins 1.2Vins 1.0Vins
A tps| Atpr| A tps| AtpH | A tps| AtpH| A tps| Atpr| A tps| Atpn| A tbs|Atpn| A tps| AtpH | A tps| Atpn
20|68 |50 | 68 | 50 | 68 | 50 | - - - - -] - - - - -
1.5 | 45 34 45 34 45 35 53 42 - - - - - - - -
10/ 0 | O 0 0 0 0 8 16 | 16 | - - - - - -
DQ | 0.9 - - -4 2 -4 10 18 12 26 | 20 - - - -
SeWlos | - | - | - | -3 |a0|n| 2106 |27 |14]35 |24 - |-
Vins | 0.7 - - - - - - 14 -8 22 0 30 8 38 18 46 34
06 | - - - - - - - - | 25 |-10] 33| -2] 41| 8 | 49 | 24
05 | - - - - - - - - - - | 29 |-16| 37 | -6 | 45 | 10
04 | - - - - - - - - - - - - | 30 | -26 | 38 | -10
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Table 67 - Derating values for DDR3-1866/2133 tps/ton - (AC135) (1.5V)

AC135Threshold -> Vihac) = Vreroc) + 135mV, ViLac) = Vreroc) - 135mV DC100Threshold -> ViHpc) = Vreroc) + 100mV, ViLoc) = Vrerc) - 100mV

DQS, DQS# Differential Slew Rate
8.0V/ns 7.0Vins 6.0V/ns 5.0V/ns 4.0Vins 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4V/Ins 1.2Vins 1.0V/ns
A tps| AtpH | A tps| Ator | A tps| AtoH | A tps| AtpH | A tps| Ator | A tps | Aton | A tps| AtpH | A tos| AtpH | A tps| Aton | A tos| Atpn | A tps | Aton | A tbs| AtoH
40 | 34 | 25 | 34 | 25 | 34 | 25 - - - - - - - - - - - - - - - - - -
35|29 | 210 | 29 | 20 | 29 | 21 | 29 | 21 - - - - - - - - - - - - - - - -
3.0 | 23 17 | 23 17 | 23 17 | 23 17 | 23 17 - - - - - - - - - - - - - -
25 | - - |14 | 10| 14| 10| 14|10 14| 10| 14 | 10| - - - - - - - - - - - -
2.0 - - - - 0 0 0 0 0 0 0 0 0 0 - - - - - - - - - -
DQ | 15| - - - - - - | 23|27 | 23| 17| 23 |17 | 23| 17| 15| 9 | - - - - - - - -
SR'aet"; 10 | - - - - - - - - | 68| 50| 68 | 50 | 68 | -50 | -60 | -42 | 52 | 34 | - - - - - -
Vins | 09 | - - - - - - - - - - | 66 | 54 | -66 | 54 | 58 | -46 | 50 | -38 | -42 | -30 - -
08 | - - - - - - - - - - 64 | 60 | 56 | 52 | 48 | -44 | 40 | 36 | -32 | -26 | - -
07 | - - - - - - - - - - - - - - | 53| 59 | -45 | 51 | -37 | -43 | 29 | -33 | 21 | -17
06 | - - - - - - - - - - - - - - - - | 43| 61| -35 | 53 | 27 | -43 | -19 | -27
05 | - - - - - - - - - - - - - - - - - - | 39| 66 | -31 | 56 | -23 | -40
0.4 - - - - - - - - - - - - - - - - - - - - -36 -76 | -30 | -60
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Table 68 - Required time tvac above Vinac) {below ViLac)} for valid DQ transition

DDR3 (1.5V) DDR3L (1.35V)
[%l%] 80011066 | 2001900/ | S001000!) 1866 | 2133 | s00/066 |00 1000 1866 | 2133 | unit
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
1.5 50 80 90 70 50 138 90 73 50 ps
1.0 38 30 45 25 5 85 45 30 5 ps
0.9 34 13 30 Note Note 67 30 16 Note ps
0.8 29 Note 11 Note Note 45 11 Note Note ps
0.7 Note Note Note - - 16 Note - - ps
0.6 Note Note Note - - Note Note - - ps
0.5 Note Note Note - - Note Note - - ps
<0.5 Note Note Note - - Note Note - - ps
Note:

1. Rising input signal shall become equal to or greater than Vg level and falling input signal shall become equal to or less than Vi ac)
level.
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Figure 28 - lllustration of nominal slew rate and tvac for setup time tos (for DQ with respect to strobe)
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Figure 29 - lllustration of tangent line for hold time ton (for DQ with respect to strobe)

DQS#

DQs

vl} DQ

VIH(J\CJmin _______________________________________________

DC to Vrer Nominal
region slew rate

Vrerpg e ietietd ettty e © bbbttty

ViH(De)min

slew rate
ViLpeimax ~ ======%===f---—-mmmm e oo

Viiacmax ~ =========YQ-==-=======feun )

VSS ------------------------- i [ =-=r=-

Vrer@de) — ViL(deymax
ATR

Hold Slew Rate Rising Signal =

ViH@omin — VREF(do)
ATF

Hold Slew Rate Falling Signal =

UnilC Techdoc, Rev. B 2024-6 90/ 96



hiil Data Sheet
& SCB13H2G160FF
UnI|C 2Gbit DDR3 SDRAM

Figure 30 - lllustration of tangent line for setup time tps (for DQ with respect to strobe)
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Figure 31 - lllustration of tangent line for hold time ton (for DQ with respect to strobe)
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