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Product Ordering Information

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Voltage Organization DDR3-1866 (13-13-13) DDR3-2133 (14-14-14) Package
?1'.)51;:; 512M x 8 JSR364GOSSNHW-SU JSR364GOSSNHW-A-SU 7SFBGA
3'.?5%3) 256M x 16 JSR364G168NHR-SU JSR364G168NHR-A-SU 96FBGA
‘()1‘312% 512Mb x 8 JSR364GOSSNHW-L-SU JSR364GOSSNHW-LA-SU 78FBGA
1()11.)31;% 256Mb x 16 JSR364G16SNHR-L-SU JSR364G16SNHR-LA-SU 96FBGA
4Gb DDR3(L) SDRAM Specification
- Tcof -40°C to + 95°C
Description 64ms, 8192-cycle refresh at -10°C to +85°C

DDR3L SDRAM (1.35V) is a low voltage version
of the DDR3 (1.5V) SDRAM. Refer to the DDR3
(1.5V) SDRAM data sheet specifications when

running in 1.5V compatible mode.

Features

*Vpp = Vppa = 1.35V (1.283-1.45V)
» Backward compatible to Vpp = Vppaq = 1.5V

+0.075V

— Supports DDR3L devices to be backward
compatible in 1.5V applications

* Differential bidirectional data strobe

* 8n-bit prefetcharchitecture
* Differential clock inputs (CK, CKB)

* 8 internal banks

* Nominal and dynamic on-die termination
(ODT) for data, strobe, and mask signals

* Programmable CAS (READ) latency (CL)

* Programmable posted CAS additive latency (AL)
* Programmable CAS (WRITE) latency (CWL)
* Fixed burst length (BL) of 8 and burst chop (BC)

32ms at +85°C to +95°C
* Self refresh temperature (SRT)
* Automatic self refresh (ASR)
* Writeleveling
* Multipurposeregister
* Qutputdrivercalibration

Options
* Configuration
— 512Meg x 8
— 256 Meg x 16
* FBGA package (Pb-free) — x8
78-ball (7.5mm x 11.0mm)
* FBGA package (Pb-free) — x16
96-ball (7.5mm x 13.0mm)
* Timing — cycle time
— 0.938ns @ CL =14 (DDR3-2133)
- 1.071ns @ CL =13 (DDR3-1866)
— 1.250ns @ CL = 11 (DDR3-1600)
* Operating temperature

— Industrial (-40°C <T¢ < +95°C)

of 4 (via the mode register set [MRS])
* Selectable BC4 or BL8 on-the-fly (OTF)
* Selfrefreshmode

Key Timing Parameters

Speed Data Rate (MT/s) | 'RCD-'RP-CL oK REO e -
Grade (ns) (ns) (ns) (ns)
Atz 2133 14-14-14 0.938 13.09 13.09 13.09
-1 1866 13-13-13 1.071 13.91 13.91 13.91
1600 11-11-11 1.25 13.75 13.75 13.75
Notes: 1. Backward compatible to 1600, CL = 11

2. Backward compatible to 1866, CL = 13
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Addressing
Parameter 512 Meg x 8 256 Meg x 16
Configuration 64 Meg x 8 x 8 banks 32 Meg x 16 x 8 banks
Refresh count 8K 8K
Row address 64K (A[15:0]) 32K (A[14:0])
Bank address 8 (BA[2:0]) 8 (BA[2:0])
Column address 1K (A[9:0]) 1K (A[9:0])
Page size 1KB 2KB

JSR3 6 4G XX 8 N XX - XXX XX

JSR3 X XX XX X N XX - XX X XX

L——  Suntsu

Temperature Range
Blank : Industrial

Speed
Blank: 933Mhz (1866Mbps, 13-13-13)
A : 1066Mhz (2133Mbps, 14-14-14)

Voltage
Blank : DDR3 (1.5V, 1.5V)
L : DDR3L (1.35V, 1.35V)

Package
HW : 78-Ball FBGA(7.5x11.0)
HR : 96-Ball FBGA(7.5x13.0)

Bank
8 : 8 Banks

Organization
08 : x8 bits
16 : x16 bits

Density
4G : 4Gb

DRAM
6 : DRAM Supplier

JSC Commodity DDR3
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Functional Description

DDR3 SDRAM uses a double data rate architecture to achievehigh-speed
operation. The double data rate architecture is an 8n-prefetch architecture with
an interface designed to transfertwo data words per clock cycle at the I/O pins. A
single read or write operation for the DDR3 SDRAM effectively consists of asingle
8n-bit-wide, four-clock- cycle data transfer at the internal DRAM core and eight
corresponding n- bit-wide, one- half-clock-cycle data transfers at the I/O pins.

The differential data strobe (DQS, DQS#) is transmitted externally, along with data, for
use in data capture at the DDR3 SDRAM input receiver. DQS is center-aligned with
data for WRITEs. The read data is transmitted by the DDR3 SDRAM and edge-aligned
to the data strobes.

The DDR3SDRAM operates from a differential clock(CKandCKB). The crossing of
CK going HIGH and CKB going LOW is referred to as the positive edge of CK.
Control, command, and address signals are registered at every positive edge of CK.
Input data is registered on the first rising edge of DQS after the WRITE preamble,
and output data is referenced on the first rising edge of DQS after the READ
preamble.

Read and write accesses to the DDR3 SDRAM are burst-oriented. Accesses start ata
selected location and continue for a programmed number of locations in a
programmed sequence. Accesses begin with the registration of an ACTIVATE
command, which is then followed by a READ or WRITE command. The address bits
registered coincident with the ACTIVATE command are used to select the bank and
row to be accessed. The address bits registered coincident with the READ or WRITE
commands are used to select the bank and the starting column location for the
burst access.

The device uses a READ and WRITE BL8 and BC4. An auto precharge function
maybe enabled to provide a self-timed row precharge that is initiated at the
end of the burst access.

As with standard DDR SDRAM, the pipelined, multibank architecture of DDR3 SDRAM
allows for concurrent operation, thereby providing high band width by hiding row pre-
charge and activation time.

A self refresh mode is provided, along with a power-saving, power-down mode.

Industrial Temperature

The industrial temperature device requires that the case temperature not exceed

—40°C or 95°C. JEDEC specifications require the refresh rate to double when T¢ exceeds
85°C; this also requires use of the high-temperature self refresh option. Additionally,
ODT resistance and the input/output impedance must be derated when Tcis < -40°C or
>95°C.

General Notes

+ The functionality and the timing specifications discussed in this data sheet are for the
DLLenable mode of operation(normal operation).

» Through out this datasheet,various figures and textrefer to DQsas“DQ.”DQ is to
be interpreted as any and all DQ collectively, unless specifically stated otherwise.

+ The terms“DQS”and“CK” found through out this datasheet are to be
interpreted as DQS,DQS# andCK, CKB respectively, unless specifically
stated otherwise.
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Complete functionality may be described throughout the document; any page or dia-
gram may have been simplified to convey a topic and may not be inclusive of all
requirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated is considered undefined, illegal, and not sup-
ported, and can result in unknown operation.

Rowaddressingisdenoted as A[n:0]. For example, 1Gb: n=12(x16);1Gb: n=13 (x4,
x8);2Gb:n =13(x16)and2Gb:n =14(x4,x8);4Gb:n = 14(x16);and4Gb:n =15(x4,
x8).

Dynamic ODT has a special use case: when DDR3 devices are architected for use in a
single rank memory array, the ODT ball can be wired HIGH rather than routed. Refer
to the Dynamic ODT Special Use Case section.

A x16 device's DQ bus iscomprisedof two bytes. If only one of the bytes needs to be
used, use the lower byte for data transfers and terminate the upper byte as noted:

- Connect UDQS to ground via 1kQ* resistor.

- Connect UDQS# to Vpp via 1kQ* resistor.
- Connect UDM to Vpp via1kQ* resistor.
- Connect DQ[15:8] individually to either Vss, Vpp, or VREF via 1kQ resistors,* or float

DQJ[15:8].

10
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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.

512 Meg x 8 Functional Block Diagram
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Ball Assighments and Descriptions

78-Ball FBGA - x8 (Bottom View)
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Ball Assignments and Descriptions

96-Ball FBGA - x16 (Bottom View)
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Package Dimensions
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96-Ball FBGA-x16
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78-Ball FBGA — x8 Ball Descriptions

Symbol Type Description

Address inputs: Provide the row address for ACTIVATE commands, and the column
address and auto precharge bit (A10) for READ/WRITE commands, to select one
location out of the memory array in the respective bank. A10 sampled during a
PRECHARGE command determines whether the PRECHARGE applies to one bank
Input (A10 LOW, bank selected by BA[2:0]) or all banks (A10 HIGH). The address inputs also

A[15:13], A12, A11,

A10/AP, A[9:0] provide the op-code during a LOAD MODE command. Address inputs are referenced
to Vrerca. A12is sampled during READ and WRITE commands to determine whether
burst chop (on-the-fly) will be performed (HIGH = BL8 or no burst chop, LOW = BC4).
Bank address inputs: BA[2:0] define the bank to which an ACTIVATE, READ,
WRITE, or PRECHARGE command is being applied. BA[2:0] define which mode

BA[2:0] Input

register (MRO, MR1, MR2, or MR3) is loaded during the LOAD MODE command.
BA[2:0] are referenced to VRerca.

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

Clock enable: CKE enables (registered HIGH) and disables (registered LOW)
internal circuitry and clocks on the DRAM. The specific circuitry that is enabled/
disabled is dependent upon the DDR3 SDRAM configuration and operating mode.
Taking CKE LOW provides PRECHARGE POWER-DOWN and SELF REFRESH operations
CKE Input (all banks idle), or active power-down (row active in any bank). CKE is synchronous
for power-down entry and exit and for self refresh entry. CKE is asynchronous for
self refresh exit. Input buffers (excluding CK, CK#, CKE, RESET#, and ODT) are
disabled during POWER-DOWN. Input buffers (excluding CKE and RESET#) are disa-
bled during SELF REFRESH. CKE is referenced to VRerca.-

Chip select: CS# enables (registered LOW) and disables (registered HIGH) the
command decoder. 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. CS# is referenced to VReFca.

CS# Input

Input data mask: DM is an input mask signal for write data. Input data is masked
when DM is sampled HIGH along with the input data during a write access.

DM Input Although the DM ball is input-only, the DM loading is designed to match that of the
DQ and DQS balls. DM is referenced to VrRerpa. DM has an optional use.

On-die termination: ODT enables (registered HIGH) and disables (registered LOW)
termination resistance internal to the DDR3 SDRAM. When enabled in normal
oDT Input operation, ODT is only applied to each of the following balls: DQ[7:0], DQS, DQS#,
and DM for the x8; DQ[3:0], DQS, DQS#, and DM for the x4. The ODT input is
ignored if disabled via the LOAD MODE command. ODT is referenced to VReFca.

Command inputs: RAS#, CAS#, and WE# (along with CS#) define the command
being entered and are referenced to VRerca.
Reset: RESET# is an active LOW CMOS input referenced to Vss. The RESET# input re-

RESET# Input ceiver is a CMOS input defined as a rail-to-rail signal with DC HIGH = 0.8 x Vpp and
DC LOW = 0.2 x Vppqa. RESET# assertion and desertion are asynchronous.

RAS#, CAS#, WE# Input

16
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78-Ball FBGA -x8 Ball Descriptions (Continued)

Symbol Type Description
DAI7:0 1o Data input/output: Bidirectional data bus for the x8 configuration. DQ[7:0] are
[7:0] referenced to VrerDpa-
Data strobe: Output with read data. Edge-aligned with read data. Input with write data.
D@S, DQs# Vo Center-aligned to write data.
Vop Supply Power supply: 1.5V +0.075V.
DQ power supply: 1.5V £0.075V. Isolated on the device for improved noise immuni-
Vbpa Supply ty.
Y S | Reference voltage for control, command, and address: Vrerca must be
REFCA UPPY | maintained atalltimes(including selfrefresh) for proper device operation.
Vv Suool Reference voltage for data: Vrerpg must be maintained at all times (excluding self
REFDQ UPPY | refresh) for proper device operation.
Vss Supply  |Ground.
External reference ball for output drive calibration: This ball is tied to an
ZQ Reference : C
external 240Q resistor (RZQ), which is tied to Vssa.
NG No connect: These balls should be leftunconnected (the ball has no connectionto
- the DRAM or to otherballs).

17
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96-Ball FBGA - x16 Ball Descriptions

Symbol Type Description

Address inputs: Provide the row address for ACTIVATE commands, and the column
address and auto precharge bit (A10) for READ/WRITE commands, to select one
location out of the memory array in the respective bank. A10 sampled during a
A[14:13], A12, A1, PRECHARGE command determines whether the PRECHARGE applies to one bank
A10, A[9:0] Input (A10 LOW, bank selected by BA[2:0]) or all banks (A10 HIGH). The address inputs also
provide the op-code during a LOAD MODE command. Address inputs are referenced
to VRerca. A12 is sampled during READ and WRITE commands to determine whether
burst chop (on-the-fly) will be performed (HIGH = BL8 or no burst chop, LOW = BC4).

Bank address inputs: BA[2:0] define the bank to which an ACTIVATE, READ,
WRITE, or PRECHARGE command is being applied. BA[2:0] define which mode register
(MRO, MR1, MR2, or MR3) is loaded during the LOAD MODE command.

BA[2:0] are referenced to VRerca.

BA[2:0] Input

Clock: CK and CKB are differential clock inputs. All control and address input signals
CK, CKB Input are sampled on the crossing of the positive edge of CK and the negative edge of CKB.
Output data strobe (DQS, DQSB) is referenced to the crossings of CK and CKB.

Clock enable: CKE enables (registered HIGH) and disables (registered LOW) internal
circuitry and clocks on the DRAM. The specific circuitry that is enabled/ disabled is
dependent upon the DDR3 SDRAM configuration and operating mode.

Taking CKE LOW provides PRECHARGE POWER-DOWN and SELF REFRESH operations
CKE Input (all banks idle), or active power-down (row active in any bank). CKE is synchronous
for power-down entry and exit and for self refresh entry. CKE is asynchronous for self
refresh exit. Input buffers (excluding CK, CKB, CKE, RESETB, and ODT) are
disabled during POWER-DOWN. Input buffers (excluding CKE and RESETB) are disa-
bled during SELF REFRESH. CKE is referenced to VRerca.-

Chip select: CSB enables (registered LOW) and disables (registered HIGH) the
command decoder. All commands are masked when CSB is registered HIGH. CSB
provides for external rank selection on systems with multiple ranks. CSB is considered
part of the command code. CSB is referenced to Vrerca.

CSB Input

Inputdatamask:DML is alower-byte, inputmask signal for write data. Lower-byte inputdata
DML Inbut is masked when DML is sampled HIGH along with the input data during a write access.

P Although the DML ball is input-only, the DML loading is designed to match thatof the DQ
and DQS balls. DML is referenced to VREFDQ.

On-die termination: ODT enables (registered HIGH) and disables (registered LOW)
Termination resistance internal to the DDR3 SDRAM. When enabled in normal operation,
oDT Input ODT is only appliedto each of the following balls: DQL/DQU[7:0], DQSL, DQSLB,
DQSU,DQSUB, DML, and DMU for the x16. The ODTinput is ignored if disabledvia the LOAD
MODE command. ODT is referenced to VREFCA.

Command inputs: RASB, CASB,and WEB (along with CSB) define the command being
entered and are referenced to VREFCA.

Reset: RESETB is an active LOW CMOS input referenced to VSS. The RESETB input re-
RESETB Input ceiver is a CMOS input defined as a rail-to-rail signal with DC HIGH = 0.8 x VDD and DC
LOW =< 0.2 x VDDQ. RESETB assertion and desertion are asynchronous.

RASB, CASB, WEB Input

18
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96-Ball FBGA -x16 Ball Descriptions (Continued)

Symbol Type Description
Input data mask: DMU is an upper-byte, input mask signal for write data. Upperbyte input
DMU Inout data is masked when DMU is sampled HIGH along with that input data during a WRITE
P access. Although the DMUDball is input-only, the DMU loading is designedto matchthat of the
DQand DQS balls. DMU is referenced to VREFDQ.
DAL 1o Data input/output: Bidirectional data bus for the x16 configuration. DQL[7:0] are
QL{7:0] / referenced to VRerFDa.
DAUI70 /o Data input/output: Bidirectional data bus for the x16 configuration. DQU[7:0] are
QU[7:0] referenced to VRerDq.
Data strobe: Output with read data. Edge-aligned with read data. Input with write data.
DQSL, DQSLB Vo Center-aligned to write data.
Data strobe: Output with read data. Edge-aligned with read data. Input with write
DQSU, DQSUB Vo data. DQS is Center-aligned to write data.
Vop Supply Power supply: 1.5V £0.075V.
DQ power supply: 1.5V +0.075V. Isolated on the device for improved noise immuni-
Vbba Supply ty.
Y S | Reference voltage for control, command, and address: VrRerca must be
REFCA UPPY | maintained atalltimes(including selfrefresh) for proper device operation.
Y Supol Reference voltage for data: Vrerpq must be maintained at all times (excluding self
REFDQ UPPY | refresh) for proper device operation.
Vgs Supply Ground.
7Q Reference External reference ball for output drive calibration: This ball is tied to an
external 240Q resistor (RZQ), which is tied to Vssa.
NG No connect: These balls should be leftunconnected (the ball has no connectionto
- the DRAM or to otherballs).
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Electrical Specifications

Absolute Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a
stressrating only, and functional operation of the device at these or any other condi-
tions outside those indicated in the operational sections of this specification is not im-
plied. Exposure to absolute maximum rating conditions for extended periods may ad-
versely affect reliability.

Absolute Maximum Ratings

Symbol Parameter Min Max Unit | Notes
Vb Vpp supply voltage relative to Vss -0.4 1.975 Vv 1
Vbba Vpp supply voltage relative to Vssaq -0.4 1.975 \"
Vino Your | Voltage on any pin relative to Vss -0.4 1.975 \Y
Tc Operating case temperature — Industrial -40 95 °C 2,3
Tsta Storage temperature -55 150 °C

Notes: 1. Vpp and Vppa must be within 300mV of each other at all times, and Vrer must not
be greater than 0.6 x Vppa. When Vpp and Vppg are <500mV, Vrer can be <300mV.
2. MAX operating case temperature. Tc is measured in the center of the package.
3. Device functionality is not guaranteed if the DRAM device exceeds the maximum Tc dur-
ing operation.

20
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Input/Output Capacitance

DDRB3L Input/Output Capacitance

applies to the entire table

CKand CKB Cek |08 | 1.4 0.8 1.3 | pF

AC: CK to CKB Cpck | 0.0 [0.15 | 0.0 | 0.15 | pF

Single-end I/O: DQ, DM Co |14 |22 | 14 ] 21 | pF | 2

Differential 1/0: DQS, DQSB Cio 14 |22 14 2.1 pF 3

AC: DQS to DQSB 0.0 |0.15 | 0.0 | 0.15 | pF 3

CDDOS

AC: DQ to DQS Coo |-05]03 |-05| 03 | pF 4

Inputs (CTRL, CMD, ADDR) Ci 0.75 | 1.2 0.75 | 1.2 | pF 5

AC: CTRL to CK Cpictrl| 0.4 |02 | —0.4| 02 | pF | 6

AC: CMD_ADDR CoLomo| o4 |04 | 04| 04 | pF | 7
to CK _ADDR

ZQ pin capacitance Cza - 3.0 - | 30 | PF
Reset pin capacitance Cre |- 3.0 - 3.0 | pF

Notes: 1. Vpp = 1.35V (1.283-1.45V), Vppa = Vbb, VRer = Vss, f= 100 MHz, T¢c = 25°C. Vout(pc) = 0.5

x Vppa, Vout = 0.1V (peak-to-peak).

DM inputis grouped with I/O pins, reflecting the fact that they are matched in loading.
Includes .Cppaqs is for DQS vs. DQS# separately.

Cpio = Ciopaq) - 0-5 x (Ciopas) + Ciopas#)-

Excludes CK, CKB; CTRL = ODT, CSB, and CKE; CMD = RASB, CASB, and WEB; ADDR

= A[n:0], BA[2:0].

Cpi_crrL = Cictry - 0-5 x (Cekck) + Cek(cka))-

7. Coi_omp_apbr = Ciemp_aoor) - 0-5 x (Cek(ck) + Cek(cka))-

SARE I A

o
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Thermal Characteristics

Thermal Characteristics

apply to entire table

Operating temperature Tc -40to 95 °C 4

Notes: 1. MAX operating case temperature Tcis measured in the center of the package, as

shown below.

2. Athermal solution must be designed to ensure that the device does not exceed the
maximum T¢ during operation.

3. Device functionality is not guaranteed if the device exceeds maximum T¢ during
operation.

4. If Tc exceeds 85°C, the DRAM must be refreshed externally at 2x refresh, which is a 3.9us
interval refresh rate. The use of self refresh temperature (SRT) or automatic self refresh
(ASR), must be enabled.

Thermal Measurement Point

O

(L/2) -
Tc test point

- (W/2) —
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Electrical Specifications - | ppSpecificationsand Conditions

Within the following Ipp measurement tables, the following definitions and conditions
are used, unless stated otherwise:

+ LOW:ViNn=ViLacmax HIGH: ViIN=ViH(AC)min-

* Midlevel: Inputs are VREF = Vbp/2.

* RonsettoRZQ/7(34Q).

* RTT,nomsetto RZQ/6 (40Q).

* Rrr(wr) set to RZQ/2 (120Q).

* Qorr is enabled in MR1.

* ODT is enabled in MR1(RTT,nom) and MR2(RTT(wR)).

* External DQ/DQS/DM load resistor is 25Q to Vppg/ 2.

* Burstlengths are BL8 fixed.

* ALequalso(exceptin Ippy).

 Ipp specifications are tested after the device is properly initialized.

* Input slew rateis specified by AC parametric test conditions.

* Optional ASR is disabled.

* Read burst type uses nibble sequential (MRo[3] = 0).

* Loop patterns must be executed at least once before current measurements begin.

\

Timing Parameters Used for Ipp Measurements - Clock Units

{CK (MIN) Ipp 1.25 1.07 0.938 ns
CL Ipp 10 11 13 14 CK
tRCD (MIN) Ipp 10 11 13 14 CK
tRC (MIN) Ipp 38 39 45 50 CK
tRAS (MIN) Ipp 28 28 32 36 CK
{RP (MIN) 10 11 13 14 CK
tFAW X8 24 24 26 27 CK
tFAW X16 32 32 33 38 CK
RRD Ibp X8 5 5 5 6 CK
RRD Ibp X16 6 6 6 7 CK

1Gb 88 88 103 118 CK
- 2Gb 128 128 150 172 CK

4Gb 208 208 243 279 CK

8Gb 280 280 328 375 CK
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Ipbo Measurement Loop

Toggling

Static HIGH

4Gb DDR3(L) SDRAM
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0 ACT 0 0 1 1 0 0 0 0 0 0 0 -

1 D 1 0 0 0 0 0 0 0 0 0 0 -

2 D 1 0 0 0 0 0 0 0 0 0 0 -

3 D# 1 1 1 1 0 0 0 0 0 0 0 -

4 D# 1 1 1 1 0 0 0 0 0 0 0 -

Repeat cycles 1 through 4 until nRAS - 1; truncate if needed
nRAS PRE oot ]oJofo]oJofo]o]o| -
0 Repeat cycles 1 through 4 until nRC - 1; truncate if needed

nRC ACT 0 0 1 1 0 0 0 0 0 F 0 -

nRC + 1 D 1 0 0 0 0 0 0 0 0 F 0 -

nRC + 2 D 1 0 0 0 0 0 0 0 0 F 0 -

nRC + 3 D# 1 1 1 1 0 0 0 0 0 F 0 -

nRC + 4 D# 1 1 1 1 0 0 0 0 0 F 0 -

Repeat cycles nRC + 1 through nRC + 4 until nRC - 1 + nRAS -1; truncate if needed

nRC + nRAS PRE [o o1 ]ofJofJo|]ofo|]o[F]o] -

Repeat cycles nRC + 1 through nRC + 4 until 2 x RC - 1; truncate if needed
1 2 x nRC Repeat sub-loop 0, use BA[2:0] = 1
2 4 x nRC Repeat sub-loop 0, use BA[2:0] = 2
3 6 x nRC Repeat sub-loop 0, use BA[2:0] = 3
4 8 x nRC Repeat sub-loop 0, use BA[2:0] = 4
5 10 x nRC Repeat sub-loop 0, use BA[2:0] = 5
6 12 x nRC Repeat sub-loop 0, use BA[2:0] = 6
7 14 x nRC Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQSB are midlevel.

2. DMis LOW.
3. Only selected bank (single)active.
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4Gb DDR3(L) SDRAM

N\ JSR364Gxx8xxx-SU

Ipp1 Measurement Loop

0 ACT 0 0 1 1 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
4 D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat cycles 1 through 4 until nRCD - 1; truncate if needed
nRCD Rb Jo |1 ]of[t1]ofo]o]o]o]o]|o | 00000000
Repeat cycles 1 through 4 until nRAS - 1; truncate if needed
nRAS PRE Jofo|1]ofJo]oJofo]o]o]o] -
Repeat cycles 1 through 4 until nRC - 1; truncate if needed
0 nRC ACT 0 0 1 1 0 0 0 0 0 F 0 -
nRC + 1 D 1 0 0 0 0 0 0 0 0 F 0 -
o | & nRC+2 | D | 1|lofloflofofo0ofO0]|O0O]|O]|F/|oO]| -
5|5 nRC + 3 p# |1 |1 |1 |1 |lo]o|oOo O ]|O|F|O]| -
.Sg nRC + 4 op# |1 |1 |1 |1t |lo]o]|oO0O]O]|O|F|]O]| -
Repeat cycles nRC + 1 through nRC + 4 until nRC + nRCD - 1; truncate if needed
nRC + nRCD rRo o t1]of1]ofJofo|o]o]|F]|o] oottoot11
Repeat cycles nRC + 1 through nRC + 4 until nRC + nRAS - 1; truncate if needed
nRC + NRAS PRE oo |1 ]ofofo]ofo]o]|F][o] -
Repeat cycle nRC + 1 through nRC + 4 until 2 x nRC - 1; truncate if needed
1 2 x nRC Repeat sub-loop 0, use BA[2:0] = 1
2 4 x nRC Repeat sub-loop 0, use BA[2:0] = 2
3 6 x nRC Repeat sub-loop 0, use BA[2:0] = 3
4 8 x nRC Repeat sub-loop 0, use BA[2:0] = 4
5 10 x nRC Repeat sub-loop 0, use BA[2:0] = 5
6 12 x nRC Repeat sub-loop 0, use BA[2:0] = 6
7 14 x nRC Repeat sub-loop 0, use BA[2:0] = 7

Notes: 1. DQ, DQS, DQSB are midlevel unless driven as required by the RD command.
2. DMis LOW.
3. Burst sequence is driven on each DQ signal by the RDcommand.
4. Only selected bank (single) active.
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Ipp Measurement Conditions for Power-Down Currents

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Timing pattern N/A N/A N/A N/A
CKE LOW LOW HIGH LOW
External clock Toggling Toggling Toggling Toggling
ICK ICK (MIN) Ipp ICK (MIN) Ipp ICK (MIN) Ipp ICK (MIN) Ipp
'RC N/A N/A N/A N/A
'RAS N/A N/A N/A N/A
'RCD N/A N/A N/A N/A
'RRD N/A N/A N/A N/A
RC N/A N/A N/A N/A
CL N/A N/A N/A N/A
AL N/A N/A N/A N/A
CSB HIGH HIGH HIGH HIGH
Command inputs LOW LOW LOW LOW
Row/column addr LOW LOW LOW LOW
Bank addresses LOW LOW LOW LOW
DM LOW LOW LOW LOW
Data I/0O Midlevel Midlevel Midlevel Midlevel
Output buffer DQ, DQS Enabled Enabled Enabled Enabled
ODT? Enabled, off Enabled, off Enabled, off Enabled, off
Burst length 8 8 8 8
Active banks None None None All
Idle banks All All All None
Special notes N/A N/A N/A N/A

Notes: 1. MRO[12] defines DLL on/off behavior during precharge power-down only; DLL on (fast
exit, MRO[12] = 1) and DLL off (slow exit, MRO[12] = 0).

2. “Enabled, off’ means the MR bits are enabled, but the signal is LOW.
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Ipp2n and Ipp3n Measurement Loop

Toggling

Static HIGH

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -

0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -

1 4-7 Repeat sub-loop 0, use BA[2:0] = 1

2 8-11 Repeat sub-loop 0, use BA[2:0] = 2

3 12-15 Repeat sub-loop 0, use BA[2:0] = 3

4 16-19 Repeat sub-loop 0, use BA[2:0] = 4

5 20-23 Repeat sub-loop 0, use BA[2:0] = 5

6 24-27 Repeat sub-loop 0, use BA[2:0] = 6

7 28-31 Repeat sub-loop 0, use BA[2:0] = 7

Ippant Measurement Loop

Toggling

Static HIGH

Notes: 1. DQ, DQS, DQSB are midlevel.

2. DMis LOW.

3. All banks closed during Ipp2n; all banks open during Ippan.

0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -

0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -

1 4-7 Repeat sub-loop 0, use BA[2:0] = 1; ODT =0

2 8-11 Repeat sub-loop 0, use BA[2:0] = 2; ODT =1

3 12-15 Repeat sub-loop 0, use BA[2:0] = 3; ODT =1

4 16-19 Repeat sub-loop 0, use BA[2:0] = 4; ODT =0

5 20-23 Repeat sub-loop 0, use BA[2:0] = 5; ODT =0

6 24-27 Repeat sub-loop 0, use BA[2:0] = 6; ODT =1

7 28-31 Repeat sub-loop 0, use BA[2:0] = 7; ODT =1

Notes: 1. DQ, DQS, DQSB are midlevel.

2. DMis LOW.

3. All banks closed.
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Ippar Measurement Loop

Toggling

Static HIGH

A\

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

0 RD 0 1 0 1 0 0 0 0 0 0 0 00000000
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 1 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
0 4 RD 0 1 0 1 0 0 0 0 0 F 0 00110011
5 D 1 0 0 0 0 0 0 0 0 F 0 -
6 D# 1 1 1 1 0 0 0 0 0 F 0 -
7 D# 1 1 1 1 0 0 0 0 0 F 0 -
1 8-15 Repeat sub-loop 0, use BA[2:0] = 1
2 16-23 Repeat sub-loop 0, use BA[2:0] = 2
3 24-31 Repeat sub-loop 0, use BA[2:0] = 3
4 32-39 Repeat sub-loop 0, use BA[2:0] = 4
5 40-47 Repeat sub-loop 0, use BA[2:0] = 5
6 48-55 Repeat sub-loop 0, use BA[2:0] = 6
7 56-63 Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQSB are midlevel when not driving in burst sequence.

2. DMis LOW.

3. Burst sequence is driven on each DQ signal by the RDcommand.

4. All banks open.
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Ippaw Measurement Loop

Toggling

Static HIGH

A\

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

0 WR 0 1 0 0 1 0 0 0 0 0 0 00000000
1 D 1 0 0 0 1 0 0 0 0 0 0 -
2 D# 1 1 1 1 1 0 0 0 0 0 0 -
3 D# 1 1 1 1 1 0 0 0 0 0 0 -
0 4 WR 0 1 0 0 1 0 0 0 0 F 0 00110011
5 D 1 0 0 0 1 0 0 0 0 F 0 -
6 D# 1 1 1 1 1 0 0 0 0 F 0 -
7 D# 1 1 1 1 1 0 0 0 0 F 0 -
1 8-15 Repeat sub-loop 0, use BA[2:0] = 1
2 16-23 Repeat sub-loop 0, use BA[2:0] = 2
3 24-31 Repeat sub-loop 0, use BA[2:0] = 3
4 32-39 Repeat sub-loop 0, use BA[2:0] = 4
5 40-47 Repeat sub-loop 0, use BA[2:0] = 5
6 48-55 Repeat sub-loop 0, use BA[2:0] = 6
7 56-63 Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQSB are midlevel when not driving in burst sequence.

2. DMis LOW.

3. Burst sequence is driven on each DQ signal by theWR command.

4. All banks open.
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Ippse Measurement Loop

Toggling

Static HIGH

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

0 0 REF 0 0 0 1 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -

1a 2 D 1 0 0 0 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
4 D# 1 1 1 1 0 0 0 0 0 F 0 -

1b 5-8 Repeat sub-loop 1a, use BA[2:0] = 1

1c 9-12 Repeat sub-loop 1a, use BA[2:0] = 2

1d 13-16 Repeat sub-loop 1a, use BA[2:0] = 3

1e 17-20 Repeat sub-loop 1a, use BA[2:0] = 4

1f 21-24 Repeat sub-loop 1a, use BA[2:0] = 5

1g 25-28 Repeat sub-loop 1a, use BA[2:0] = 6

1h 29-32 Repeat sub-loop 1a, use BA[2:0] = 7

2 | 33-nRFC -1 Repeat sub-loop 1a through 1h until nRFC - 1; truncate if needed

Notes: 1. DQ, DQS, DQSB are mid level.

2. DM is LOW.
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4Gb DDR3(L) SDRAM

N\ JSR364Gxx8xxx-SU

Ipp Measurement Conditions for Ipps and Ipps

CKE LOW Midlevel
External clock Off, CK and CKB = LOW Midlevel
ICK N/A N/A
RC N/A N/A
RAS N/A N/A
'RCD N/A N/A
'RRD N/A N/A
RC N/A N/A
CL N/A N/A
AL N/A N/A
CSB Midlevel Midlevel
Command inputs Midlevel Midlevel
Row/column addresses Midlevel Midlevel
Bank addresses Midlevel Midlevel
Data I/0O Midlevel Midlevel
Output buffer DQ, DQS Enabled Midlevel
OoDT! Enabled, midlevel Midlevel
Burst length N/A N/A
Active banks N/A None
Idle banks N/A All
SRT Disabled (normal) N/A
ASR Disabled N/A

Notes: 1. “Enabled, midlevel” means the MR command is enabled, but the signal is midlevel.

2. During a cold boot RESET (initialization), current reading is valid after power is stable
and RESET has been LOW for 1ms; During a warm boot RESET (while operating), current
reading is valid after RESET has been LOW for 200ns + 'RFC.
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Iob7 Measurement Loop

Toggling

Static HIGH

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

0 ACT 0 1 1 0 0 0 0 0 0 0 -
1 RDA 1 0 1 0 0 0 1 0 0 0 | 00000000
0 2 D 0 0 0 0 0 0 0 0 0 -
3 Repeat cycle 2 until nRRD - 1
nRRD ACT 0 1 1 0 1 0 0 0 F 0 -
nRRD + 1 RDA 1 0 1 0 1 0 1 0 F 0 | 00110011
1 nRRD + 2 D 0 0 0 0 1 0 0 0 F 0 -
nRRD + 3 Repeat cycle nRRD + 2 until 2 x nRRD - 1
2 2 x nRRD Repeat sub-loop 0, use BA[2:0] = 2
3 3 x nRRD Repeat sub-loop 1, use BA[2:0] = 3
A 4 x nRRD D[1]oJoJoJo|sa]oJo]Jo]F]o] -
4 x nRRD + 1 Repeat cycle 4 x nRRD until nFAW - 1, if needed
5 nFAW Repeat sub-loop 0, use BA[2:0] = 4
6 nFAW + nRRD Repeat sub-loop 1, use BA[2:0] = 5
7 nFAW + 2 x nRRD Repeat sub-loop 0, use BA[2:0] = 6
8 nFAW + 3 x nRRD Repeat sub-loop 1, use BA[2:0] = 7
o nFAW + 4 x nRRD D |t1]ofJoJofJo[7]ofJo]o]F[o] -
nFAW + 4 x nRRD + 1 Repeat cycle nFAW + 4 x nRRD until 2 x nFAW - 1, if needed
2 x nFAW ACT 0 1 1 0 0 0 0 0 F 0 -
10 2 x nFAW + 1 RDA 1 0 1 0 0 0 1 0 F 0 | 00110011
2 x nFAW + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
2 x nFAW + 3 Repeat cycle 2 x nFAW + 2 until 2 x nFAW + nRRD - 1
2 x nFAW + nRRD ACT| O 0 1 1 0 1 0 0 0 0 0 -
» 2 x nFAW + nRRD +1 | RDA 1 0 1 0 1 0 1 0 0 0 | 00000000
2 x nFAW + nRRD + 2 D 0 0 0 0 1 0 0 0 0 0 -
2 x nFAW + nRRD + 3 Repeat cycle 2 x nFAW + nRRD + 2 until 2 x nFAW + 2 x nRRD - 1
12 2 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] = 2
13 2 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] = 3
14 | 2% nFAW +4 x nRRD D |[1]oJoJoJo|3]oJo]o]o]o|] -
2 x nFAW + 4 x nRRD + 1 Repeat cycle 2 x nFAW + 4 x nRRD until 3 x nFAW - 1, if needed
15 3 x nFAW Repeat sub-loop 10, use BA[2:0] = 4
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Ipb7 Measurement Loop (Continued)

Toggling

Static HIGH

A\

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

16 3 x nFAW + nRRD Repeat sub-loop 11, use BA[2:0] =5
17 3 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] = 6
18 3 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] =7
1q |37 NFAW + 4 x nRRD D |t]ofoJoJo[7]ofJofo]o]o] -

3 x nFAW + 4 x nRRD + 1

Repeat cycle 3 x nFAW + 4 x nRRD until 4 x nFAW - 1, if needed

Notes: 1. DQ, DQS, DQSB are midlevel unless driven as required by the RD command.
2. DMis LOW.

3. Burst sequence is driven on each DQ signal by the RDcommand.

4. AL =CL-1.
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4Gb DDR3(L) SDRAM

» B\ JSR364Gxx8xxx-SU

Electrical Characteristics - Operating Iop Specifications

Ipp Maximum Limits Die for 1.35/1.5V Operation

Speed Bin
P . DDR3/3L | DDR3/3L DDR3/3L Units Notes
Parameter Symbol Width -1600 -1866 -2133
Operating current 0: X8 47 49 51 mA 1,2
One bank ACTIVATE-to- Iobo
PRECHARGE X16 57 59 61 mA 1,2
Operating current 1: X8 61 64 67 mA 1,2
One bank ACTIVATE-to- Ipp1
READ-to-PRECHARGE X16 81 84 87 mA 1,2
Precharge power-down current:
Slow exit Ibp2po Al 8 8 8 mA 1,2
Precharge power-down current: | All 14 16 18 mA 1,2
Fast exit DD2P1
Precharge quiet standby current Ipp2q All 24 26 28 mA 1,
Precharge standby current Ippan All 24 26 28 mA 1,
Prech tandby ODT ) | X8 28 30 32 mA 1,
recharge stan curren
g y PPENT X16 31 33 35 mA 1,
Active power-down current Ibpsp All 26 28 30 mA 1,
. X8 30 32 34 mA 1,
Active standby current Ippan
X16 38 40 42 mA 1,
) X8 95 105 115 mA 1,
Burst read operating current Ibpar
X16 155 165 175 mA 1,
Burst writ ’ ; | X8 95 105 115 mA 1,
urst write operating curren
peraiing Ry X16 155 165 175 mA 1,
Burst refresh current Ibpsg All 235 242 245 mA 1,
Room temperature self refresh Ibps All 12 12 12 mA 1,2,3
Extended temperature self refresh IbpeeT All 16 16 16 mA 2,4
) X8 130 140 150 mA 1,2
All banks interleaved read current Ipp7
X16 190 200 210 mA 1,2
Ibpzp + Ibpzp + Ibpzp +
|
Reset current DD8 All omA omA omA mA 1,2
Notes: 1. Tc=85°C; SRT and ASR aredisabled.
2. Enabling ASR could increase Ippx by up to an additional 2mA.
3. Restricted to Tc (MAX) =85°C.
4. Tc=85°C; ASR and ODT are disabled; SRT is enabled.
5. The Ipp values must be derated (increased) on IT-option devices when operated outside

of the range 0°C < T¢ < +85°C:

5a. When T¢ < 0°C: Ippzpo, Ipp2p1 and Ippsp must be derated by 4%; Ippsar and Ippaw must
be derated by 2%; and Ipps, lppeeT and Ipp7 must be derated by 7%.

5b. When TC> 85°C: IDDO! IDD1! IDD2N7 IDD2NT1 |DDZQ7 IDDSN! IDDSP! IDD4F§: IDD4W: and IDDSB
must be derated by 2%; Ipp2px must be derated by 30%.

34



N

4Gb DDR3(L) SDRAM

» B\ JSR364Gxx8xxx-SU

Electrical Specifications - DC and AC

DC Operating Conditions

DDRB3L 1.35V DC Electrical Characteristics and Operating Conditions

All voltages are referenced to Vss

Parameter/Condition Symbol Min Nom Max Unit Notes
Supply voltage Vob 1.283 1.35 1.45 Vv 1-7
I/O supply voltage Vbba 1.283 1.35 1.45 Vv 1-7
Input leakage current
Any input OV < ViN < Vpp, VRerpin OV < ViNs 1.1V I ) - 2 HA
(All other pins not under test = 0V)
VRer supply leakage current
VRerpa = Vpo/2 0f Vrerca = Vpp/2 lyRer -1 - 1 HA 8,9
(All other pins not under test = 0V)

Notes: 1. Vpp and Vppq must track one another. Vppg must be < Vpp. Vss = Vssa.

2. Vppand Vppq may include AC noise of +50mV (250 kHz to 20 MHz) in addition to the
DC (0 Hz to 250 kHz) specifications. Vpp and Vppq must be at same level for valid AC
timing parameters.

3. Maximum DC value may not be greater than 1.425V. The DC value is the linear average
of Vpp/Vppa(t) over a very long period of time (for example, 1 second).

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

5. If the maximum limitis exceeded, input levels shall be governed by DDR3specifications.

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

7. Once initialized for DDR3L operation, DDR3 operation may only be used if the device is
in reset while Vpp and Vppq are changed for DDR3 operation (see VDD Voltage Switch-
ing .

8. The minimum limit requirementis for testing purposes. The leakage current onthe Vrer
pin should be minimal.

9. VREr.
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4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

U

Input Operating Conditions

DDRB3L 1.35V DC Electrical Characteristics and Input Conditions

All voltages are referenced to Vss

Parameter/Condition Symbol Min Nom Max Unit | Notes
Vin low; DC/commands/address busses Vi Vss N/A Vv
Vi high; DC/commands/address busses Viu N/A Voo \Y
Input reference voltage command/address bus VRerca@e) 0.49 x Vpp| 0.5 x Vpp 0.51 x Vpp \Y 1,2
I/O reference voltage DQ bus Vrerpa(oe) 0.49 x Vpp| 0.5 x Vpp 0.51 x Vpp \Y 2,3
I/O reference voltage DQ bus in SELF REFRESH VRrerpa(sr) Vss 0.5 x Vpp Vb \Y 4
Command/address .termination yoltage v ~ 0.5 x V ~ v 5
(system level, not direct DRAM input) i bba

Notes: 1. VrRerca(pc) is expected to be approximately 0.5 x Vpp and to track variations in the DC
level. Externally generated peak noise (non-common mode) on VrRerca may not exceed
+1% x Vpparound the Vrerca(pc) value. Peak-to-peak AC noise on Vrerca should not ex-
ceed 2% of VRercA(DC)-

2. DC values are determinedto be less than 20 MHz in frequency. DRAM must meet specifi-
cations if the DRAM induces additional AC noise greater than 20MHz in frequency.

3. VRerDq(DC) is expected to be approximately 0.5 x Vpp and to track variations in the DC
level. Externally generated peak noise (non-common mode) on VrRerpq maynot exceed
+1% x Vpparound the Vrerpq(pc) value. Peak-to-peak AC noise on Vrerpa should not ex-
ceed +2% of VRerpa(DC)-

4. VRerpq(Dc)May transition to Vrerpa(sr) and back to Vrerpapc) when in SELF REFRESH,
within restrictions outlined in the SELF REFRESHsection.

5. VrTris not applied directly to the device. V1tis a system supply for signal termination re-
sistors. Minimum and maximum values are system-dependent.
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DDR3L 1.35V Input Switching Conditions - Command and Address

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Parameter/Condition Symbol | DDR3L-1600 | DUFSL | Units
Command and Address
ViH(ac160)min° 160 _ mv
Input high AC voltage: Logic 1 VIH(AC135),min5 135 135 mV
ViH(AC125) min° - 125 mV
Input high DC voltage: Logic 1 ViH(DC90),min 90 90 mV
Input low DC voltage: Logic 0 ViL(Dc90),min -90 -90 mV
ViL(AC125),min° - -125 mV
Input low AC voltage: Logic 0 ViL(AC135)min° -135 -135 mV
ViL(AC160)min” —160 - mV
DQ and DM
VIH(AC160),minb 160 - mV
Input high AC voltage: Logic 1 ViH(Ac13s) mi ” 135 135 mV
VIH(AC125),mind - 130 mV
Input high DC voltage: Logic 1 ViH(DC20),min 90 90 mV
Input low DC voltage: Logic 0 ViL(Dc90),min -90 -90 mV
ViLact 25),min5 - -130 mV
Input low AC voltage: Logic 0 ViL(ac138)min° -135 -135 mV
ViL(ac160)min” -160 - mV

Notes: 1. All voltages are referenced to Vrer. VRrer is Vrerca for control, command, and address.
All slew rates and setup/hold times are specified at the DRAM ball. Vrer is VRerpq for

DQ and DM inputs.

Input setup timing parameters ('IS and 'DS) are referenced at V(ac)/ViH(ac), not VREr(DC).
Input hold timing parameters ('IH and 'DH) are referenced at ViLipc)/ViHpc), hot VREF(DC).

w

4. Single-ended input slew rate = 1 V/ns; maximum input voltage swing under test is
900mV (peak-to-peak).
5. When two Viqac) values (and two corresponding Vi ac) values) are listed for a specific
speed bin, the user may choose either value for the input AC level. Whichever value is
used, the associated setup time for that AC level must also be used. Additionally, one
ViH(ac) value may be used for address/command inputs and the other Vinac) value may
be used for datainputs.
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DDRB3L 1.35V Differential Input Operating Conditions (CK, CKB and DQS, DQS#)

Parameter/Condition Symbol Min Max Units Notes
Differential input logic high — slew V1, diff(AC)slew 180 N/A mV 4
Differential input logic low — slew VL diff(AC)slew N/A -180 mV 4
Differential input logic high Vi giff(AC) 2 x (Vyyac) - VRer) Voo/Voba mV 5
Differential input logic low VL dif(AC) Vss/Vssq 2 x (Vigac) - Vrer) mV 6
Differential input crossing voltage
relative to Vpp/2 for DQS, DQS#; CK, Vix VRer(pc) - 150 VRerpc) + 150 mV 57,9
CKB
r[v)allfrjn(tei\r/(?emttclaa\llIDnDr/);J tf;r %S;,I rEJQK\I/EsOHane Vix (175) VRerpc) - 175 VRer(po) + 175 mV S5, 7-9
Single-ended high level for strobes v Vppa/2 + 160 Vbpag mV 5
Single-ended high level for CK, CKB SEH Voo/2 + 160 Voo mV 5
Single-ended low level for strobes v Vssq Vbpa/2 - 160 mV 6
Single-ended low level for CK, CKB SEL Vgs Vpp/2 - 160 mV 6

Notes: 1. Clock is referenced to Vpp and Vss. Data strobe is referenced to Vppq and Vssa.

2. Reference is Vrerca(pc) for clock and Vrerpa(c) forstrobe.

3. Differential input slew rate = 2 V/ns.

4. Defines slew rate reference points, relative to input crossing voltages.

5. Minimum DC limit is relative to single-ended signals; overshoot specifications are appli-
cable.

6. Maximum DC limit is relative to single-ended signals; undershoot specifications areap-
plicable.

7. Thetypicalvalue of Vixac)is expected to be about 0.5 x Vpp of the transmitting device,
and Vx(ac)is expectedtotrack variationsin Vpp. Vix(ac)indicates the voltage at which
differential input signals mustcross.

8. The Vixextended range (x175mV) is allowed only for the clock; this Vix extended range
is only allowed when the following conditions are met: The single-ended input signals
are monotonic, have the single-ended swing VseL, Vsen of at least Vpp/2 £250mV, and
the differential slew rate of CK, CKB is greater than 3 V/ns.

9. Vixmust provide 25mV (single-ended) of the voltages separation.
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DDR3L 1.35V Input Signal

Vi, and V,, levels with ringback

Vpp + 0.4V
Narrow pulse width
Voo
Minimum V,; and V) levels
)/
Vi MIN(AQ) A Vpgr + 125/135/160mV
V,y MIN(DO Viger + 90mV

AAX 2% Total Vper DEMAX + 1%
Vper DCMAX S51xVpp
Vier - Veer = Vppf2 ==
DC MIN A49xV,

DD,
Vags DEMIN - 1% Vpyp

AAX 2% Total X

V. MINDO) Vo - 90mV

V. MIN(AQ) Vier - 125/135/160mV

0.0v

Vs - 0.40V
Narrow pulse width

Note: 1. Numbers in diagrams reflect nominal values.
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Vppg + 0.4V
Overshoot

Vinpg

+ AC noise
ﬁ + DCerror

Vagrng - DC error

|<#—Vaeeng - AC noise

Vu.(DO

Vs - 0.40V
Undershoot
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DDR3L 1.35V AC Overshoot/Undershoot Specification

DDR3L Control and Address Pins

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Maximum peak ampli- tude allowed for over- shoot area 0.4V 0.4V 0.4V
Maximum peak ampli- tude allowed for under- shoot area 0.4V 0.4V 0.4V
Maximum overshoot area above Vpp 0.33 V/ns 0.28 V/ns 0.25 Vins
Maximum undershoot area below Vss 0.33 V/ns 0.28 V/ns 0.25 V/ns

DDR3L 1.35V Clock, Data, Strobe, and Mask Pins

Maximum peak ampli- tude allowed for over- shoot area 0.4v 0.4v 0.4v
Maximum peak ampli- tude allowed for under- shoot area 0.4v 0.4v 0.4v
Maximum overshoot area above Vpp/Vbpa 0.13 V/ns 0.11 V/ns 0.10 V/ns
Maximum undershoot area below Vss/Vssa 0.13 V/ns 0.11 V/ns 0.10 V/ns

Overshoot
Maximum amplitude

=]

Volts (V)

Overshoot area

Voo/Voba
Time (ns)
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Undershoot

4Gb DDR3(L) SDRAM

R364Gxx8xxx-SU

Vss/Vssa

Undershoot area

Volts (V)
Maximum amplitude

Time (ns)

Vix for Differential Signals

Voo Voog

Voo Voog
a® ‘.
CK# DQS# www /\/\-_\. teetara /\/\~\ b S e % sea CK# DOSH
‘ - — Va
: : :
'.. Vix :. :
Vop/2, Vpog/2 3 A Voo/2, Vpog/2
. * :
. . Y |-
. . .
, - : A — Vi
angs .‘u n... ‘..: \/\/’/ " ".oo" CK, DQs
Vss Vssg Vsy Vssq
Single-Ended Requirements for Differential Signals
VbpOrVppq
i
VSEH,min

Vpp/2 or Vppa/2

\IKorDQS

VSEL,max

N/

1
Ve

Vss0rVsgq
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Definition of Differential AC-Swing and '‘DVAC

VIH,diff(AC)min

VH diff, min

0.0

VIL diff,max

VL diff(AC)max

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

tDVAC
4,/\ .
CK - CKB
DQS - DQS#
N_
_ -~
Half cycle tDVAC

DDR3L 1.35V - Minimum Required Time 'DVAC for CK/CKB, DQS/DQS# Differential for AC Ringback

>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 55
1.2 Note 1 44 5 22 24
1.0 Note 1
<1.0 Note 1

Note: 1. Rising input signal shall become equal to or greater than Viyac) level and Falling
input signal shall become equal to or less than Vi c) level.
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DDR3L 1.35V Slew Rate Definitions for Single-Ended Input Signals

Setup('IS and'DS) nominal slew rate for a rising signal is defined as the slew rate
between the last crossing of Vrer and the first crossing of Vigac)min-
Setup(tISand!DS) nominal slew rate for a falling signal is defined as the slew rate
between the last crossing of VRer and the first crossing of ViLac)max.

Hold(‘THand'DH) nominal slew rate for arising signal is defined as the slew rate between
the last crossing of ViL(bc)max and the first crossing of VrRer. Hold({IH and'DH) nominal
slew rate for a falling signal is defined as the slew rate between the last crossing of
VIH(DC)min and the first crossing of VRrEFr.

Single-Ended Input Slew Rate Definition

ViHac),min - VRer

Rising Vrer ViHac),min ATRSee
Setup
. VRer - VIL(AC),max
Falling Vrer ViLac),max ATFSse
VRer - ViL(c),max
Rising ViL(pc),max VRer ATF"(|se :
Hold

_ Viroc),min - VRer
Falling ViHDC),min Vrer ATRSHse
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Nominal Slew Rate Definition for Single-Ended Input Signals

Setup

Hold

Single-ended input voltage (DQ, CMD, ADDR)

Single-ended input voltag e (DQ, CMD, AD DR)

)

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

ATRSse

-

—

\

/J V' IHAC)min

ViH(Dc)min

VReFDQ OF

VREFCA

ViLDC)max

ViLAC)max

ATFSse

ATRHse

—

/ ViH(AC)min

VIH(DC)min

VRerpq OF
VRerca

VIL(DC)max

VIL(AC)max
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DDR3L 1.35V Slew Rate Definitions for Differential Input

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Signals

Input slew rate for differential signals (CK, CKB and DQS, DQS#) are defined and meas-
ured. The nominal slew rate for a rising signal is defined as the slew rate between
VIL,diff, max and V1H,diff, min.The nominal slew rate for a falling signal is defined as the

slew rate between Viy ditf min and VI giff max-

DDR3L 1.35V Differential Input Slew Rate Definition

CK and DQS reference

Risi v v ViH,diff,min = VIL,diff,max
Ising IL,diff, IH,diff,mi
ITT,max I, min ATRdlff
. Vi diff.min ~ ViLdiff,max
Falling VH,diff,min VL diff, max ATF gy

DDRB3L 1.35V Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CKB

ATR i

-

Vi diff,min

Differential input voltage (DQS, DQS#; CK, CKB)

AT Fdiff

45
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ODT Characteristics

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

The ODT effective resistance Rt is definedby MR1[9,6, and2]. ODT is applied to
the DQ, DM, DQS, DQS#, balls (x8 devices only). The ODT target values and a
functional representation are listed. The individual pull-up and pull-down resistors
(RtT(Pu) and Rrr(pp)) are defined as follows:

* Rrreev)= (Vbpo - VouT)/ |Tout|, under the condition that Rrr(pp)is turned off
» Rrrep)= (Vour)/ |Iout|, under the condition that Rrrpu)is turned off

ODT Levels and I-V Characteristics

Chip in termination mode

DT
T : Vopg
: II:'l..l |
| : lout =lpp - lpy
[
To | Ry |
other | |
circuitry | I DQ
such as | | | lout
RCW, ... | !
[
|
I l'PD !
| [
; I A
:_ _________ I 1Illl||5!~}IZEI
On-Die Termination DC Electrical Characteristics
Parameter/Condition Symbol Min Nom Max Unit Notes
R effective impedance Rr7Err) 1,2
Deviation of VM with respect to AVM _5 5 % 1,2.3
Vbbpa/2

Notes: 1. Tolerance limits are applicable after proper ZQ calibration has been performed at a

stable temperature and voltage (Vboba = Vop, Vssa= Vss). Refer to ODT Sensitivity if
either the temperature or voltage changes after calibration.
Measurement definition for Rtt: Apply ViHac) to pin under test and measure current
I[V|H(AC)1} then aE}aIy ViLac) to pin under test and measure current I[Viac)]:
RT IHAC) ~ VIL(AC)

v Y —)
IH(AC) IL(AC)
Measurg go\l}mge (VM) at the tested pin with no load:
AVM == —1

x 100
Vooa

For IT and AT devices, the minimum values are derated by 6% when the device operates
between —40°C and 0°C(Tc¢).
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1.35V ODT Resistors

provides an overview of the ODT DC electrical characteristics. The values pro-
vided are not specification requirements ; however, they can be used as design
guidelines to indicate what Rrris targeted to provide:

* Rpr120Q is made up of Rrri00(PD240) a0A Rri20(PU240)

+ Ry 60Q is made up of Rrreo(ppi2o) and Rrreopuizo)

* Ryr40Qismadeup of Rrryoppso) and Rrryopuso)

* Ryr30Qismadeup of Rrrg0ppeo) and Rrrgopuso)

* Ryr20Qismadeup of Rrrao(ppgo) and Rrraopugo)

1.35V Rt Effective Impedance

0.2 x Vppa 0.6 1.0 1.15 RzQ/N

RTT 120PD240 0.5 x Vbpa 0.9 1.0 1.15 RzQ/1

0.8 x Vbpa 0.9 1.0 1.45 RzQ/1

0,1,0 1200 0.2 x Vbpa 0.9 1.0 1.45 RzQ/1
R11 120PU240 0.5 x Vbpa 0.9 1.0 1.15 RzQ/1

0.8 x Vppa 0.6 1.0 1.15 RzQ/N

120Q ViLac) 10 Vinac) 0.9 1.0 1.65 RzQ/2

0.2 x Vpbpq 0.6 1.0 1.15 RzQ/2

Rrr.60PD120 0.5 x Vppa 0.9 1.0 1.15 RzQ/2

0.8 x Vbpa 0.9 1.0 1.45 RzQ/2

0,0, 1 600 0.2 x Vooa 0.9 1.0 1.45 RZQ/2
Rrr.60PU120 0.5 x Vppa 0.9 1.0 1.15 RzQ/2

0.8 x Vbpa 0.6 1.0 1.15 RzQ/2

60Q ViLac) 10 Vinac) 0.9 1.0 1.65 RzQ/4

0.2 x Vbpq 0.6 1.0 1.15 RzQ/3

Rer 40pD80 0.5 x Voo 0.9 10 115 RZQ/3

0.8 x Vbpa 0.9 1.0 1.45 RzQ/3

0,1, 1 400 0.2 x Vppa 0.9 1.0 1.45 RzQ/3
R 40PU80 0.5 x Vbpa 0.9 1.0 1.15 RzQ/3

0.8 x Vbpaq 0.6 1.0 1.15 RzQ/3

40Q ViLac) 10 Vinac) 0.9 1.0 1.65 RzQ/6

0.2 x Vppa 0.6 1.0 1.15 RzQ/4

Rt 30PD60 0.5 x Vbpa 0.9 1.0 1.15 RzQ/4

0.8 x Vbpa 0.9 1.0 1.45 RzQ/4

1,0, 1 300 0.2 x Vopa 0.9 1.0 1.45 RZQ/4
RTT.30PU60 0.5 x Vbpa 0.9 1.0 1.15 RzQ/4

0.8 x Vbpa 0.6 1.0 1.15 RzQ/4

30Q ViLac) 10 Vinac) 0.9 1.0 1.65 RzQ/8

47



\

iy
4Gb DDR3(L) SDRAM

N\ JSR364Gxx8xxx-SU

1.35 V RtT Effective Impedance(Continued)

0.2 x Vppa 0.6 1.0 1.15 RzQ/6
R'I'I',ZOPD4O 0.5 x Vppa 0.9 1.0 1.15 RZQ/6
0.8 x Vbpa 0.9 1.0 1.45 RzQ/6
1,0,0 200 0.2 x Vpoa 0.9 1.0 1.45 RZQ/6
RTT 20pU40 0.5 x Vbpa 0.9 1.0 1.15 RzQ/6
0.8 x Vppa 0.6 1.0 1.15 RzQ/6
20Q ViLac) 1o Vikac) 0.9 1.0 1.65 RzQ/12
ODT Sensitivity

If either the temperature or voltage changes after I/O calibration, then the
tolerance limitslisted can be expected to widen according to list.

ODT Sensitivity Definition

Ryt 0.9 - dR7rdT x |DT| - dRrrdV x |DV| 1.6 + dR1dT x |DT| + dRrdV x |DV| RZQ/(2, 4, 6, 8, 12)

Note: 1. AT =T - T(@ calibration), AV = Vppq - Vppa(@ calibration) and Vpp = Vppa.

ODT Temperature and Voltage Sensitivity

dRrrdT 0 1.5 %/°C
dRrrdV 0 0.15 Yo/mV

Note: 1. AT =T - T(@ calibration), AV = Vppq - Vopa(@ calibration) and Vpp = Vppa.

ODT Timing Definitions

ODT loading differs from that used in AC timing measurements. The reference load
for ODT timings is shown.Two parameters define when ODT turnsonoroff
synchronously, two define when ODT turns on or off asynchronously, and another
defines when ODT turns on or off dynamically. Outline and provide definition and
measurement references settings for each parameter.

ODT turn-on time begins when the output leaves High-Z and ODT resistance begins to
turn on.ODT turn-offtime begins when the outputleaves Low-Zand ODT
resistance begins to turn off.
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ODT Timing Reference Load

V /2
pUT  Veer|22@

DQ, DM RyT=25Q
CK,CKB—©- DQS, DQS# Vi =Vssq
L Timing refere Nce point
Z2Q

| RZQ = 2400
VVA/ | Vssa

ODT Timing Definitions

. Rising edge of CK — CKB defined by the end | Extrapolated point at Vssaq
AON | hoint of ODTLon
. Rising edge of CK — CKB defined by the end | Extrapolated point at VRTT nom
AOF | hoint of ODTLoff
. Rising edge of CK— CKB with ODT first being | Extrapolated point at Vssaq
AONPD registered HIGH
) Rising edge of CK— CKB with ODT first being | Extrapolated point at VRTT nom
AOFPD registered LOW
. Rising edge of CK — CKB defined by the end | Extrapolated points at VrTt(wr) and
ADC | 5ointof ODTLenw, ODTLcwn4, or ODTLewn8 | VAT nom

DDR3L(1.35V) Reference Settings for ODT Timing Measurements

t RZQ/4 (60Q) N/A 50mV 100mV
AON RZQ/12 (20Q) N/A 100mV 200mV

t RZQ/4 (60Q) N/A 50mV 100mV
ACF RZQ/12 (20Q) N/A 100mV 200mV

t RZQ/4 (60Q) N/A 50mV 100mV
AONPD RZQ/12 (20Q) N/A 100mV 200mV
t RZQ/4 (60Q) N/A 50mV 100mV
AOFPD RZQ/12 (20Q) N/A 100mV 200mV
tADC RZQ/12 (20Q) RZQ/2 (20Q) 200mV 250mV

49



A\

=

tAON and 'AOF Definitions

tAON

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

tAOF

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Begin point: Rising edge of CK - CKB
defined by the end point of ODTLoff

Vopa/2

DQ, DMDQS,
DQs# Vswe Vswz
; SSQ sz1
Vssa
End point: Extrapolated point at Vssq
tAONPD and 'AOFPD Definitions
tAONPD tAOFPD
Begin point: Rising edge of CK-CKB Begin point: Rising edge of CK - CKB
with ODT first registered high with ODT first registered low
)|
Vbpa/2

DQ, DM
DQS, DQS#

|
f

tAOFPD

| |}

/ End point: Extrapolated point at VRTT,nom

VSW2

Vssa

50

RTT,nom

Vswe

Vssa

End point: Extrapolated point at Vssq
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tADC Definition

Begin point: Rising edge of CK - CKB Begin point: Rising edge of CK - CKB defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8
CK § 5 ]
Vbpa/2
CKB i§ i i
< = tADC < WADC
V 3 v 4§
RTT,
nom x T swar / RTT,nom
DQ, DM DQS, End pointr———— Tswii1 Tswze
DQs# Extrapolated \ Vswz /
point at VRTT nom ! e
Vswi N Tswiz
VRTT(WR) End point: Extrapolatedpointat ~ VRTT(WR)
Vssa
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U

Output Driver Impedance

The output driver impedance is selected by MR1[5,1] during initialization. The selected
value is able to maintain the tight to lerances specified if proper ZQ calibration is per-
formed. Output specifications refer to the default output driver unless specifically sta-
ted otherwise. A functional representation of the output buffer is shown below. The out
put driver impedance Ron is defined by the value of the external reference resistor RZQ
as follows:

* Ron,x=RZQ/y(withRZQ=240Q+1%;x=34Qor40Qwithy=70r6,respectively)

The individual pull-up and pull-downresistors Ron(pu) and Ron(pp) are defined as follows:

* Roneu)= (Vbpo - Vour)/ |Ioutl, when Rox(pp)is turned off
* Ronep) = (Vour)/ |Iout|, when Rox(puyis turned off

Output Driver

Chip in drive mode

Output driver
| | “ 1I""[J[JQ
| l Iy |
[
To | R |
ather I O (PL)
circuitry | | | DQ
suchas || | lout
ROV 1 | Roneny |
I [ Vour
| lep |
! | : Vssg
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34 Ohm Output Driver Impedance

4Gb DDR3(L) SDRAM
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The 34Q driver(MR1[5, 1] = 01) is the default driver. Unless otherwise stated, all timings and
specifications listed here in apply to the 34Q driveronly. Its impedance Ronis

defined by the value of the external reference resistor RZQ as follows: Ronsg4 = RZQ/7

(with nominal RZQ = 240Q +£1%) and is actually 34.3Q +1%.

DDR3L 34 Ohm Driver Impedance Characteristics

0.2 x Vppa 0.6 1.0 1.15 RzQ/7
Ron,34rD 0.5 x Vppa 0.9 1.0 1.15 RzQ/7
0.8 x Vbpa 0.9 1.0 1.45 RzQ/7
0.1 3430 0.2 x Vppa 0.9 1.0 1.45 RzQ/7
Ron,z4pu 0.5 x Vpbpa 0.9 1.0 1.15 RzQ/7
0.8 x Vppa 0.6 1.0 1.15 RzQ/7
Pull-up/pull-down mismatch (MMpupp) ViLac) 10 Vikac) -10 N/A 10 %

Notes: 1. Tolerance limits assume RZQ of 240Q +1% and are applicable after proper ZQ

calibra- tion has been performed at a stable temperature and voltage: Vppa= Vbp;
Vssa= Vss). Refer to DDR3L 34 Ohm Output Driver Sensitivity if either the
temperature or the voltage changes after calibration.

. Measurement definition for mismatch between pull-up and pull-down (MMpypp).Meas-

ure both ROI\&PU) and Ronpp) at 0.5 x Vppa:
ON(PU) - NoN(PD)

MMpypp = Ron x 100
,nom

. For IT and AT (1Gb only) devices, the minimum values are derated by 6% when the de-

vice operates between —40°C and 0°C (Tc¢).
A larger maximum limit will result in slightly lower minimum currents.

53




\

) % % 4Gb DDR3(L) SDRAM
o JSR364Gxx8xxx-SU

DDR3L 34 Ohm Driver

The 34Q driver’s current range has been calculated and summarized Vpp = 1.35V, Vbp

=1.45V,Vpp = 1.283V.The individual pull-up and pull-down resistors Rons4(pp) and
Rons4(pu) are defined as follows:

 Rons4pp) = (Vout)/|Iout|; RoNz4pu)is turned off
* Rons4ru)= (VppQ - Voun)/|Iour|; RoNss(pp)is turned off

DDR3L 34 Ohm Driver Pull-Up and Pull-Down Impedance Calculations

RZQ =240Q +1% 237.6 240 242.4 Q

RZQ/7 = (240Q +1%)/7 33.9 34.3 34.6 Q

0.2 x Vbpa 20.4 34.3 38.1 Q

Rons4(pp) 0.5 x Vbpa 30.5 34.3 38.1 Q

0.8 x Vbpa 30.5 34.3 48.5 Q

0.1 3430 0.2 x Vppa 30.5 34.3 48.5 Q
Ronsa(pu) 0.5 x Vbpa 30.5 34.3 38.1 Q

0.8 x Vbpa 20.4 34.3 38.1 Q

DDR3L 34 Ohm Driver lon/loL Characteristics: Vpp = Vbpa = DDR3L@1.35V

loo@ 0.2 x Vbpa 13.3 7.9 71 mA

RON34(PD) IOL @ 05 X VDDQ 221 197 177 mA

loo@ 0.8 x Vpbpa 35.4 31.5 22.3 mA

0.1 3430 lon@ 0.2 x Vppa 354 31.5 22.3 mA
RON34(PU) IOH @ 05 X VDDQ 221 197 17.7 mA

lon @ 0.8 x Vppa 13.3 7.9 7.1 mA

DDR3L 34 Ohm Driver lon/loL Characteristics: Vbp = Vbpa = DDR3L@1.45V

lo.@ 0.2 x Vppa 14.2 8.5 7.6 mA

RON34(PD) IOL @ 05 X VDDQ 237 21 1 190 mA

lo.@ 0.8 x Vppa 38.0 33.8 23.9 mA

0.1 343Q lon@ 0.2 x Vppa 38.0 33.8 23.9 mA
RON34(PU) |OH @ 05 x VDDQ 237 21.1 190 mA

lon @ 0.8 x Vppa 14.2 8.5 7.6 mA
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DDR3L 34 Ohm Driver lon/loL Characteristics: Vpp = Vbpa = DDR3L@1.283

34.3Q

loL@ 0.2 x Vppa 126 75 6.7 mA
Rona4 (D) lo.@ 0.5 x Vopa 21.0 18.7 16.8 mA
lo. @ 0.8 x Vopa 33.6 29.9 21.2 mA
loh@ 0.2 x Vopa 33.6 29.9 21.2 mA
Rona4(pu) loh @ 0.5 x Vopa 21.0 18.7 16.8 mA
loh @ 0.8 x Vopa 126 75 6.7 mA

DDR3L 34 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after ZQ calibration, then the tolerance
limits listed can be expected to widen according to list.

DDR3L 34 Ohm Output Driver Sensitivity Definition

Ronpp) @ 0.2 x Vppq

0.6 - dRoNdTL * |AT| - dRondVL x AV

1.1 + dRondTL x |AT| + dRondVL x |AV]

RzQ/7

Ronpp) @ 0.5 x Vppg

0.9 - dRondTM x JAT| - dRondVM x |AV]

1.1 + dRondTM % |AT| + dRondVM % |AV|

RzQ/7

Ronpp) @ 0.8 x Vppq

0.9 - dRondTH x |AT| - dRondVH x |AV|

1.4 + dRondTH x |AT| + dRondVH x |AV|

RzQ/7

Ronpu) @ 0.2 x Vppq

0.9 - dRondTL x |AT| - dRondVL x |AV]

1.4 + dRondTL x |AT| + dRondVL x |AV|

RzQ/7

Ronpuy @ 0.5 x Vppg

0.9 - dRondTM x |AT] - dRondVM x |AV]

1.1 + dRondTM % |AT| + dRondVM % |AV|

RzQ/7

Ronpu) @ 0.8 x Vppq

0.6 - dRondTH x |AT| - dRondVH x |AV|

1.1 + dRondTH x |AT| + dRondVH x |AV|

RzQ/7

Note:

1.AT=T- T\ @cariBration;; AV=Vbpa- Vopa@caLisration); @and Vpp= Vppo.

DDR3L 34 Ohm Output Driver Voltage and Temperature Sensitivity

dRondTM 0 1.5 %/°C
dRondVM 0 0.13 %/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.13 %/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.13 %/mV
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DDR3L Alternative 40 Ohm Driver

DDR3L 40 Ohm Driver Impedance Characteristics

0.2 x Vbba 0.6 1.0 1.15 RzQ/6
RON,4OPD 05 X VDDQ 09 1 0 1 1 5 RZQ/S
0.8 x Vbba 0.9 1.0 1.45 RzQ/6
%0 Hon 0.2 x Vbpa 0.9 1.0 1.45 RzQ/6
RON,4OPU 05 X VDDQ 09 1 0 1 1 5 RZQ/S
0.8 x Vbpa 0.6 1.0 1.15 RzQ/6
Pull-up/pull-down mismatch o
(MMPSPFI;) VIL(AC) to VIH(AC) -10 N/A 10 Yo

Notes: 1. Tolerance limits assume RZQ of 240Q +1% and are applicable after proper ZQ calibra-

tionhasbeenperformed ata stable temperature andvoltage (Vppa= Vpp; Vssa= Vss).
Refer to DDR3L 40 Ohm Output Driver Sensitivity if either the temperature or the
voltage changes after calibration.

. Measurement definition for mismatch between pull-up and pull-down (MMpypp).Meas-

ure both Row:u) and Ronpp) at 0.5 x Vppa:
ON(PU) - NoN(PD)

=————— x 1
MMPUPD RON,nom 1P

. ForIT and AT (1Gb only) devices, the minimum values are derated by 6% when the de-

vice operates between —40°C and 0°C (Tc).
A larger maximum limit will result in slightly lower minimum currents.

DDR3L 40 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after I/O calibration, then the tolerance
limits listed can be expected to widen according.

DDR3L 40 Ohm Output Driver Sensitivity Definition

Rond) @ 0.2 x Vppg |0.6 - dRondTL x [AT| - dRondVL x [AV]  |1.1 + dRondTL x [AT| + dRondVL x |AV] RZQ/6

Rono) @ 0.5 x Voo |0.9 - dRondTM x [AT| - dRondVM x [AV]  |1.1 + dRondTM x |AT] + dRondVM x AV RZQ/6

Ronro) @ 0.8 x Voo |0.9 - dRondTH x |AT| - dRondVH x [AV] | 1.4 + dRondTH x [AT| + dRondVH x |AV] RZQ/6

Roneu) @ 0.2 x Voo |0.9 - dRondTL x |AT| - dRondVL x [AV]  |1.4 + dRondTL x [AT| + dRondVL x |AV] RZQ/6

Ronrt) @ 0.5 x Voo |0.9 - dRondTM x [AT| - dRondVM x [AV]  |1.1 + dRondTM x |AT] + dRondVM x AV RZQ/6

Ronu) @ 0.8 x Voo |0.6 - dRondTH x |AT| - dRondVH x [AV] 1.1 + dRondTH x [AT| + dRondVH x |AV] RZQ/6
Note: 1.AT=T-T@cariBration) AV=Vppa- Vopaw@caLisration); @nd Vpp= Vppo.
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40 Ohm Output Driver Voltage and Temperature Sensitivity

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

dRondTM 0 1.5 %/°C
dRondVM 0 0.15 Yo/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.15 Yo/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.15 Yo/mV
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Output Characteristics and Operating Conditions

DDR3L Single-Ended Output Driver Characteristics

All voltages are referenced to Vss

Parameter/Condition Symbol Min Max Unit Notes
Output leakage current: I?Q gre disabled ; . loz 5 5 uA 1
0V < VouT =< Vppa ; ODT is disabled ; ODT is HIGH
Output slew rate : Single-ended ; For rising and falling edges ,
measure between Vorac) = VRer - 0.09 x Vppag and Von(ac) = SRQse 1.75 6 Vins |[1,2,3,4
Vger + 0.09 x Vppaq
Single-ended DC high-level output voltage Vorine) 0.8 x Vppa Vv 1,2,5
Single-ended DC mid-point level output voltage Vomoc) 0.5 x Vppa Vv 1,2,5
Single-ended DC low-level output voltage e 0.2 x Vppa \Y 1,2,5
Single-ended AC high-level output voltage Vor(ac) V11+ 0.1 x VpDQ \Y 1,2,3,6
Single-ended AC low-level output voltage Vouac) V11- 0.1 x VbpQ \Y 1,2,3,6
Delta Ron between pull-up and pull-down for DQ/DQS MMpypp -10 ‘ 10 % 1,7
Test load for AC timing and output slew rates Output to V1T (Vbpa/2) via 25Q resistor 3

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after prop- er
ZQ calibration has been performed at a stable temperature and voltage (Vopa= Vbp; Vssa
=Vss).

2. Vrr=Vppo/2.

The test load configuration.

4. The 6 V/ns maximum is applicable for a single DQ signal when it is switching either from

HIGH to LOW or LOW to HIGH while the remaining DQ signals in the same byte lane are

either all static or all switching in the opposite direction. For all other DQ signal switch-

ing combinations, the maximum limit of 6 V/ns is reduced to 5 V/ns.

LV curve linearity. Do not use AC testload.

See Slew Rate Definitions for Single-Ended Output Signals for output slewrate.

Additional information.

An example of a single-ended output signal.

w

© N oo
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DQ Output Signal

MAX output

Vorac)

VoLac)

MIN output

DDR3L Differential Output Driver Characteristics

All voltages are referenced to Vss

Output leakage current: DQ are disabled; |

OV < Vour < Vppa; ODT is disabled; ODT is HIGH oz -5 5 WA !
DDRS3L Output slew rate: Differential; For rising and fall-

ing edges, measure between VoL giffac) = —0.18 x Vppa SRQgj 3.5 12 V/ns 1
and Vo giiac) = 0.18 x Vppq

Differential high-level output voltage VoH,diff(AC) +0.2 x Vppa \Y 1,4
Differential low-level output voltage VoL difi(Ac) —-0.2 x Vppa \Y 1,4
Delta Ron between pull-up and pull-down for DQ/DQS MMpypp -10 ’ 10 Y% 1,5
Test load for AC timing and output slew rates Output to V1T (Vbpa/2) via 25Q resistor 3

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after prop- er
ZQ calibration has been performed at a stable temperature and voltage (Vpopa= Vbp; Vssa
=Vss).

Vrer= Vppa/2; slew rate @ 5 V/ns, interpolate for faster slew rate.

The test load configuration.

The output slew rate.

Additional information.

An example of a differential output signal.

o gk wn
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N JSR364Gxx8xxx-SU

DDRB3L Differential Output Driver Characteristics Vox(ac)

All voltages are referenced to Vss

Output differential v Max | 90 105 135 | 155 180 205 205 205 205 | mV
crosspointvoltage | "OXA91 \iin | oo | _105 | —135 | -155 | —180 | -205 | —205 | —205 | —205 | mv

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after prop- er
ZQ calibration has been performed at a stable temperature and voltage (Vopa= Vbp; Vssa

=Vss).

2. The test load configuration.

An example of a differential outputsignal.

4. For a differential slew rate between the list values, the Vox(ac) value may be obtained
by linear interpolation.

et

Differential Output Signal

MAX output

Voxtacmax

Voxtacmin

A A
, x |

Voo

MIN output
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Reference Output Load

Represents the effective reference load of 25Q used in defining the relevant
device AC timing parameters (except ODTreference timing) as well as the output
slew rate measurements. It is not intended to be a precise representation of a
particular system environment or a depiction of the actualload presented by a
production tester. System designers should use IBIS or other simulation tools to
correlate the timing reference load to a system environment.

Reference Output Load for AC Timing and Output Slew Rate

Vbpa/2

DUT Vier
R11=25Q

DQ A V7 = Vppa/2
DQS
DQSH# L

ZQ Timing reference point

RZQ =240Q

| Vss

Slew Rate Definitions for Single-Ended Output Signals

The single-ended output driver is summarized. With the reference load for timing
measurements, the output slew rate for falling and rising edges is defined and
measured between Vor(ac) and Vonr(ac) for single-ended signals.

Single-Ended Output Slew Rate Definition

VoH(ac) - VoLac)
Rising VoL(ac) VoH(ac) ATRse

DQ
. VoH(ac) - VoLac)
Falling VoH(ac) VoLac) ATFse
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Nominal Slew Rate Definition for Single-Ended Output Signals

OL(AC)

ATF,

se
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Slew Rate Definitions for Differential Output Signals

The differential output driver is summarized. With the reference load for timing
measurements, the output slew rate for falling and rising edges is defined and
measured between Vorac) and Von(ac) for differential signals.

Differential Output Slew Rate Definition

Von,gifiac) = VoL diff(AC)

Rising VoL gifi(AC) VoH dift(AC) ATRy

DQS, DQS#
_ Von,gitiac) = VoL diff(AC)
Falling VoH,diff(AC) VoL difi(Ac) ATF gy

Nominal Differential Output Slew Rate Definition for DQS, DQS#

ATR it

<—>‘

|

|

|

|

|

|

Q ‘ VoHdiff(AC)
0
O VoL gifiac)

|
|
|
|
|
|
|
|
ATF gt
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Speed Bin Tables

DDR3L-1600 Speed Bins

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Internal READ command to first data AA 13.75 - ns
ACTIVATE to internal READ or WRITE delay time 'RCD 13.75 - ns
PRECHARGE command period RP 13.75 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period ‘RC 48.75 - ns

ACTIVATE-to-PRECHARGE command period 'RAS 35 9 x 'REFI ns 2

CWL=5 'CK (AVG) 3.0 3.3 ns 3

CL=5 CWL=6,7,8 {CK (AVG) Reserved ns 4

CWL=5 'CK (AVG) 2.5 3.3 ns 3

CL=6 CWL=6 ICK (AVG) Reserved ns 4

CWL=7,8 ICK (AVG) Reserved ns 4

CWL=5 ICK (AVG) Reserved ns 4

CWL=6 {CK (AVG) 1.875 <25 ns 3

cL=7 CWL=7 {(CK (AVG) Reserved ns 4

CWL =8 ICK (AVG) Reserved ns 4

CWL=5 ICK (AVG) Reserved ns 4

CWL=6 {CK (AVG) 1.875 <25 ns 3

cL-8 CWL=7 {CK (AVG) Reserved ns 4

CWL =8 ICK (AVG) Reserved ns 4

CWL=5,6 'CK (AVG) Reserved ns 4

CL=9 CWL =7 {CK (AVG) 1.5 | <1875 ns 3

CWL=8 ICK (AVG) Reserved ns 4

CWL=5,6 ICK (AVG) Reserved ns 4

CL=10 CWL=7 {CK (AVG) 15 | <1875 ns 3

CWL =8 ICK (AVG) Reserved ns 4

CWL=5,6,7 ICK (AVG) Reserved ns 4

CL=11 CWL =8 'CK (AVG) 125 | <15 ns 3
Supported CL settings 5,6,7,8,9,10, 11 CK
Supported CWL settings 56,7,8 CK

Notes:

1. This speed grade is backward compatible with 1333, CL=9 and 1066, CL =7.
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DDR3L-1866 Speed Bins

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Internal READ command to first data AA 13.91 20
ACTIVATE to internal READ or WRITE delay time 'RCD 13.91 - ns
PRECHARGE command period RP 13.91 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period 'RC 47.91 - ns
ACTIVATE-to-PRECHARGE command period RAS 34 9 x 'REFI ns 2
CWL=5 {CK (AVG) 3.0 3.3 ns 3
CL=5 CWL=6,7,8,9 'CK (AVG) Reserved ns 4
CWL=5 'CK (AVG) 25 | 33 ns 3
CL=6 CWL=6,7,8,9 {CK (AVG) Reserved ns 4
CWL=5,7,8,9 'CK (AVG) Reserved ns 4
CcL=7 CWL =6 {CK (AVG) 1875 | <25 ns 3
CWL=5,8,9 'CK (AVG) Reserved ns 4
cL=8 CWL =6 {CK (AVG) 1875 | <25 ns 3
CWL=7 ICK (AVG) Reserved ns 4
CWL=5,6,8,9 'CK (AVG) Reserved ns 4
CL=9 CWL =7 'CK (AVG) 15 ] <1.875 ns 3
CWL=5,6,9 ICK (AVG) Reserved ns 4
CL=10 CWL =7 {CK (AVG) 15 ] <1.875 ns 3
CWL =38 ICK (AVG) Reserved ns 4
CWL=5,6,7 'CK (AVG) Reserved ns 4
CL=11 CWL =8 {CK (AVG) 125 | <15 ns 3
CWL=9 ICK (AVG) Reserved ns 4
CWL=5,6,7,8 ICK (AVG) Reserved ns 4
CL=12 CWL=9 {CK (AVG) Reserved ns 4
CWL=5,6,7,8 ICK (AVG) Reserved ns 4
CL=13 CWL=9 {CK (AVG) 1.07 <1.25 ns 3
Supported CL settings 5,6,7,8,9,10,11,13 CK
Supported CWL settings 5,6,7,8,9 CK

Notes:

1. This speed grade is backward compatible with 1600, CL =11 , 1333, CL=9 and

1066, CL=7.
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DDR3L-2133 Speed Bins

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

Internal READ command to first data AA 13.09 20
ACTIVATE to internal READ or WRITE delay time 'RCD 13.09 - ns
PRECHARGE command period RP 13.09 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period 'RC 46.09 - ns
ACTIVATE-to-PRECHARGE command period RAS 33 9 x 'REFI ns 2
CWL=5 {CK (AVG) 3.0 3.3 ns 3
CL=5 CWL=6,7,8,9 'CK (AVG) Reserved ns 4
CWL=5 {CK (AVG) 25 | 33 ns 3
CL=6 CWL=6,7,8,9 'CK (AVG) Reserved ns 4
CWL=5,7,8,9 'CK (AVG) Reserved ns 4
cL=7 CWL =6 {CK (AVG) 1875 | <25 ns 3
CWL=5,8,9 ICK (AVG) Reserved ns 4
cL=8 CWL =6 {CK (AVG) 1875 | <25 ns 3
CWL=7 ICK (AVG) Reserved ns 4
CWL=5,6,8,9 ICK (AVG) Reserved ns 4
CL=9 CWL =7 {CK (AVG) 15 ] <1.875 ns 3
CWL=5,6,9 'CK (AVG) Reserved ns 4
CcL=10 CWL=7 {CK (AVG) 15 | <1.875 ns 3
CWL=8 ICK (AVG) Reserved ns 4
CWL=5,6,7 'CK (AVG) Reserved ns 4
CL =11 CWL=8 {CK (AVG) 125 | <15 ns 3
CWL=9 ICK (AVG) Reserved ns 4
CWL=5,6,7,8 'CK (AVG) Reserved ns 4
cL=12 CWL=9 {CK (AVG) Reserved ns 4
CWL=5,6,7,8 'CK (AVG) Reserved ns 4
CL=13 CWL =9 {CK (AVG) 1.07 | <1.25 ns 3
CWL=5,6,7,8,9 ICK (AVG) Reserved
CL=14 CWL =10 {CK (AVG) 0938 | <1.07
Supported CL settings 5,6,7,8,9,10, 11, 13,14 CK
Supported CWL settings 5,6,7,8,9,10 CK

Notes:
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Electrical Characteristics and AC Operating Conditions
Electrical Characteristics and AC Operating Conditions

Notes 1-8 apply to the entire table

Clock Timing
Clock period average: DLL disable Tc=85°C ICK 8 7800 ns 9, 42
mode Tc=>85°C to 95°C | (DLL_DIS) 8 3900 ns 42
Clock period average: DLL enable mode 'CK (AVG) ns 10, 11
High pulse width average ICH (AVG) 0.47 0.53 CK 12
Low pulse width average ICL (AVG) 0.47 0.53 CK 12
o DLL locked UlTper -70 70 ps 13
Clock period jitter DLL locking UlTper,ick 60 60 oS 13
_ CK (ABS) | MIN=tCK(AVG)MIN +tJITper MIN; MAX =tCK (AVG) MAX +
Clock absolute period tITper ps
Clock absolute high pulse width CH (ABS) 043 - CK 14
(AVG)
Clock absolute low pulse width CL (ABS) 043 - CK 15
(AVG)
) DLL locked YUITee 140 ps 16
Cycle-to-cycle jitter DLL locking UITcc, Ick 120 oS 16
2 cycles 'ERR2per -103 103 ps 17
3 cycles 'ERR3per -122 122 ps 17
4 cycles 'ERR4per -136 136 ps 17
5 cycles 'ERR5per —147 147 ps 17
6 cycles '‘ERR6per -155 155 ps 17
7 cycles 'ERR7per -163 163 ps 17
. 8 cycles 'ERR8per -169 169 ps 17
Cumulative error across 9 cycles ERR9per 175 175 os 17
10 cycles 'ERR10per -180 180 ps 17
11 cycles 'ERR11per -184 184 ps 17
12 cycles 'ERR12per -188 188 ps 17
n=13,14...49,50 ‘ERRnper tERRnper MIN = (1 +0.68In[n]) x tJITper MIN ps 17
cycles tERRnperMAX=(1+0.68In[n]) x tJITper MAX

INVHAS 1€4aa 9i1xsx :qoy
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

DQ Input Timing

18, 19,
Data setup time to DQS, DQS# Base (specification) AESGO - - ps 44
VRer @ 1 V/ns ( ) - - ps 19, 20
Base (specification) DS 25 - ps 18’419’
Data setup time to DQS, DQS# (AC135)
VRer @ 1 V/ns 160 - ps 19, 20
Data hold time from DQS, DQS# Base (specification) DH o — PS 15,19
’ VRer @ 1 V/ns (DC90) 145 - ps 19,20
Minimum data pulse width DIPW 360 - ps 41
DQ Output Timing
DQS, DQS# to DQ skew, per access 'DQSQ - 100 ps
DQ output hold time from DQS, DQS# ‘QH 038 B (;?/'é) 21
DQ Low-Z time from CK, CKB 1LZDQ —450 225 ps 22,23
DQ High-Z time from CK, CKB 'HZDQ - 225 ps 22,23
DQ Strobe Input Timing
DQS, DQSH# rising to CK, CKB rising 'DQSS -0.27 0.27 CK 25
DQS, DQS# differential input low pulse width 'DQSL 0.45 0.55 CK
DQS, DQS# differential input high pulse width 'DQSH 0.45 0.55 CK
DQS, DQS# falling setup to CK, CKB rising 'DSS 0.18 - CK 25
DQS, DQS# falling hold from CK, CKB rising 'DSH 0.18 - CK 25
DQS, DQSt# differential WRITE preamble 'WPRE 0.9 - CK
DQS, DQS# differential WRITE postamble WPST 0.3 - CK
DQ Strobe Output Timing
DQS, DQS# rising to/from rising CK, CKB 'DQSCK -225 225 ps 23
DQS, DQS# rising to/from rising CK, CKB when DLL is disabled 'DQSCK 1 10 ns 26
(DLL_DIS)
DQS, DQS# differential output high time 'QSH 0.40 - CK 21
DQS, DQS# differential output low time fQsL 0.40 - CK 21

INVHAS 1€4aa 9ixgx:qoy
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1600
Parameter Symbol . Unit Notes
Min Max
DQS, DQS# Low-Z time (RL - 1) 1LZDQS —450 225 ps 22,23
DQS, DQS# High-Z time (RL + BL/2) 'HZDQS - 225 ps 22,23
DQS, DQS# differential READ preamble 'RPRE 0.9 Note 24 CK 23,24
DQS, DQS# differential READ postamble RPST 0.3 Note 27 CK 23,27
Command and Address Timing
DLL locking time DLLK 512 - CK 28
CTRL, CMD, ADDR Base (specification) s 60 - ps 29, 30,
setup to CK,CKB (AC160) 44
VRer@ 1 V/ns 220 - ps 20, 30
CTRL, CMD, ADDR Base (specification) IS 185 - ps 29, 30,
setup to CK,CKB (AC135) 44
VRer @ 1 V/ns 320 - ps 20, 30
CTRL, CMD, ADDR Base (specification) H 130 - ps 29, 30,
setup to CK,CKB (DC90 44
VRer @ 1 V/ns 220 - ps 20, 30
Minimum CTRL, CMD, ADDR pulse width IPW 560 - ps 41
ACTIVATE to internal READ or WRITE delay 'RCD See Speed Bin Tables for tRCD ns 31
PRECHARGE command period 'RP See Speed Bin Tables for tRP ns 31
ACTIVATE-to-PRECHARGE command period 'RAS See Speed Bin Tables for tRAS ns 31,32
ACTIVATE-to-ACTIVATE command period ‘RC See Speed Bin Tables for tRC ns 31,43
ACTIVATE-to-ACTIVATE X8 (1KB page size) 'RRD MIN = greater of 4CK or 6ns CK 31
minimum command period R e size) MIN = greater of 4CK or 7.5ns CK 31
Four ACTIVATE X8 (1KB page size) FAW 30 - ns 31
windows X16 (2KB page size) 40 ns 31
Write recovery time WR MIN = 15ns; MAX = N/A ns 31, 32,
33,34
Delay from start of internal WRITE transaction to WTR MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31,34
internal READ command
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31,32

INVHAS 1€4aa 91 xex:qoty
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1600 .
Parameter Symbol Min | Max Unit | Notes
CASB-to-CASB command delay {CCD MIN = 4CK; MAX = N/A CK
Auto precharge write recovery + precharge ‘DAL MIN = WR + 'RP/CK (AVG); MAX = N/A CK
time
MODE REGISTER SET command cycle time MRD MIN = 4CK; MAX = N/A CK
MODE REGISTER SET command update delay| 'MOD MIN = greater of 12CK or 15ns; MAX = N/A CK
MULTIPURPOSE REGISTER READ burstendto MIN = 1CK; MAX = N/A CK
mode register set for multipurpose register 'MPRR
exit
Calibration Timing
ZQCL command: Long |POWER-UP and RE-| tZQinit 512 _ CK
calibration time SET operation
Normal operation tZQoper 256 _ CK
ZQCS command: Short calibration time ZQCS 64 _ CK
Initialization and Reset Timing
Exit reset from CKE HIGH to a valid command XPR MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK
Begin power supply ramp to power supplies 'WDDPR MIN = N/A; MAX = 200 ms
stable
RESET# LOW to power supplies stable 'RPS MIN = 0; MAX = 200 ms
RESET# LOW to I/0 and Ryt High-Z 10z MIN = N/A; MAX = 20 ns 35
Refresh Timing
REFRESH-to-ACTIVATE or REFRESH 'RFC - 1Gb MIN = 110; MAX = 70,200 ns
command period 'RFC - 2Gb MIN = 160; MAX = 70,200 ns
'RFC - 4Gb MIN = 260; MAX = 70,200 ns
'RFC - 8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Tc=<85°C 64 (1X) ms 36
period Tc> 85°C - 32 (2X) ms 36
Maximum average Tc<85°C 7.8 (64ms/8192) V& 36
periodic refresh Tc> 85°C REFI 3.9 (32ms/8192) us 36
Self Refresh Timing
Exit self refresh to commands not requiring a
XS MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK

locked DLL

INVHAS 1€4aa 9ixgx:qoy
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

Exit self refresh to commands requiring a XSDLL MIN = 'DLLK (MIN); MAX = N/A CK 28
locked DLL
Minimum CKE low pulse width for self re- ICKESR MIN = 'CKE (MIN) + CK; MAX = N/A CK
fresh entry to self refresh exit timing
Valid clocks after self refresh entry or power- | 'CKSRE MIN = greater of 5CK or 10ns; MAX = N/A CK
down entry
Valid clocks before self refresh exit, ICKSRX MIN = greater of 5CK or 10ns; MAX = N/A CK
power-down exit, or resetexit
Power-Down Timing
CKE MIN pulse width ICKE (MIN) Greater of 3CK or 5ns CK
Command pass disable delay 'CPDED MIN = 1; MAX = N/A CK
Power-downentrytopower-downexittim- PD MIN = {CKE (MIN); MAX = 9 * tREFI CK
ing
Begin power-down period prior to CKE 'ANPD WL - 1CK CK
registered HIGH
Power-down entry period: ODT either PDE Greater of 'ANPD or 'RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous
Power-down exit period: ODT either PDX 'ANPD + XPDLL CK
synchronous or asynchronous
Power-Down Entry Minimum Timing

ACTIVATE command to power-down entry | 'ACTPDEN MIN = 1 CK
PRECHARGE/PRECHARGE ALL command to 'PRPDEN MIN = 1 CK
power-down entry
REFRESH command to power-down entry 'REFPDEN MIN = 1 CK 37
MRS command to power-down entry 'MRSPDEN MIN = tMOD (MIN) CK
READ/READ with auto precharge command | 'RDPDEN MIN=RL +4 + 1 CK
to power-down entry
WRITE command to BL8 (OTF, MRS) '\WRPDEN MIN = WL + 4 + 'WR/'CK (AVG) CK
power-down entry BC40TF

BC4MRS '\WRPDEN MIN = WL + 2 + 'WR/'CK (AVG) CK

INVHAS 1€HAQ 91X8X 4Dy
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit | Notes
WRITE with auto BL8 (OTF, MRS) 'WRAP- MIN = WL + 4 + WR + 1 CK
precharge command to| BC4OTF DEN
power-down entry BC4MRS 'WRAP- MIN = WL +2 + WR + 1 CK
DEN
Power-Down Exit Timing
DLL on, any valid command, or DLL off to XP MIN = greater of 3CK or 6ns; MAX = N/A CK
commands not requiring locked DLL
Precharge power-down with DLL off to XPDLL MIN = greater of 10CK or 24ns; MAX = N/A CK 28
commands requiring a locked DLL
ODT Timing
Rtt synchronous turn-on delay ODTLon CWL + AL - 2CK CK 38
Rtr synchronous turn-off delay ODTLoff CWL + AL - 2CK CK 40
Rt turn-on from ODTL on reference 'AON -225 225 ps 23, 38
R turn-off from ODTL off reference AOF 0.3 0.7 CK 39, 40
Asynchronous Rt turn-on delay 'AONPD MIN = 2; MAX = 8.5 ns 38
(power-down with DLL off)
Asynchronous Ryt turn-off delay tAOFPD MIN = 2; MAX = 8.5 ns 40
(power-down with DLL off)
ODT HIGH time with WRITE command and ODTH8 MIN = 6; MAX = N/A CK
BL8
ODT HIGH time without WRITE command or ODTH4 MIN = 4; MAX = N/A CK
with WRITE command and BC4
Dynamic ODT Timing
R nom-to-Rrr(wr) change skew ODTLcnw WL - 2CK CK
RrT1(wR)-to-RtT,nom change skew - BC4 ODTLcwn4 4CK + ODTLoff CK
Rrr1(wR)-to-R17nom change skew - BL8 ODTLcwn8 6CK + ODTLoff CK
Rttdynamic change skew tADC 0.3 0.7 CK 39
Write Leveling Timing
First DQS, DQS# rising edge 'WLMRD 40 - CK
DQS, DQS# delay 'WLDQSEN 25 - CK
Write leveling setup from rising CK, CKB 'WLS 165 - ps
crossing to rising DQS, DQS# crossing

INVHAS 1€HAA 91X8X:4DY
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1—8 apply to the entire table

Write leveling hold from rising DQS, DQS# 'WLH 165 - ps
crossing to rising CK, CKB crossing

Write leveling output delay WLO 0 7.5 ns
Write leveling output error 'WLOE 0 2 ns

INVHAS 1€4ada 91x8x:qoy
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4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU
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Notes: 1. AC timing parameters are valid from specified Tc MIN to Tc MAX values.

2. All voltages are referenced to Vss.

3. Output timings are only valid for Ronss4 output bufferselection.

4. The unit'CK (AVG) represents the actual 'ICK (AVG) of the input clock under operation.
The unit CK represents one clock cycle of the input clock, counting the actual clock
edges.

5. AC timing and Ipp tests may use a V_-to-V|4 swing of up to 900mV in the test environ-
ment, but input timing is still referenced to Vrer (except YIS, 'IH, 'DS, and 'DH use the
AC/DC trip points and CK, CKB and DQS, DQS# use their crossing points). The minimum
slew rate for the input signals used to test the device is 1 V/ns for single-ended inputs
and 2 V/ns for differential inputs in the range between Vi ac)and Vinc).

6. All timings that use time-based values (ns, us, ms) should use {CK (AVG) to determine the
correct number of clocks uses CK or 'CK [AVG] interchangeably). In the case of
noninteger results, all minimum limits are to be rounded up to the nearest whole integer,
and all maximum limits are to be rounded down to the nearest whole integer.

7. Strobe or DQSgitt refers to the DQS and DQS# differential crossing point when DQS is
the rising edge. Clock or CK refers to the CK and CKB differential crossing point when
CK is the rising edge.

8. This output load is used for all AC timing (except ODT reference timing) and slew rates.
The actual test load may be different. The output signal voltage reference point is
Vpbpa/2 for single-ended signals and the crossing point for differential signals.

9. When operating in DLL disable mode, JSC does not warrant compliance with normal
mode timings or functionality.

10. The clock’s'CK (AVG)is the average clock over any 200 consecutive clocks and ICK(AVG)
MIN is the smallest clock rate allowed, with the exception of a deviation due to clock
jitter. Input clock jitter is allowed provided it does not exceed values specified and must
be of a random Gaussian distribution in nature.

11, Spread spectrum is not included in the jitter specification values. However, the input
clock can accommodate spread-spectrum at a sweep rate in the range of 20-60 kHz with
an additional 1% of {CK (AVG) as a long-term jitter component; however, the spread
spectrum may not use a clock rate below 'CK (AVG) MIN.

12. The clock’s 'CH (AVG) and 'CL (AVG) are the average half clock period over any 200 con-
secutive clocks and is the smallest clock half period allowed, with the exception of a de-
viation due to clock jitter. Input clock jitter is allowed provided it does not exceed values
specified and must be of a random Gaussian distribution innature.

13. The periodjitter ({JITper) is the maximum deviation in the clock period from the average
or nominal clock. It is allowed in either the positive or negative direction.

14. 'CH (ABS) is the absolute instantaneous clock high pulse width as measured from one
rising edge to the following falling edge.

15. 'CL (ABS) is the absolute instantaneous clock low pulse width as measured from one fall-
ing edge to the following rising edge.

16. Thecycle-to-cyclejitter UITccis the amount the clock period can deviate fromone cycle
to the next. It is important to keep cycle-to-cycle jitter at a minimum during the DLL
locking time.

17." The cumulative jitter error 'ERRnper, where nis the number of clocks between 2 and 50, is
the amount of clock time allowed to accumulate consecutively away from the average clock
over n number of clock cycles.

18. DS (base) and 'DH (base) values are for a single-ended 1 V/ns slew rate DQs and 2 V/ns
slew rate differential DQS, DQS#; when DQ single-ended slew rate is 2V/ns, the DQS dif-
ferential slew rate is4V/ns.
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19. These parameters are measured from a data signal (DM, DQO, DQ1, and so forth) transi-
tion edge to its respective data strobe signal (DQS, DQS#) crossing.

20. The setup and hold times are listed converting the base specification values (to which
derating tables apply) to VrRer when the slew rate is 1 V/ns. These values, with a slew rate
of 1 V/ns, are forreferenceonly.

21. When the device is operated with input clock jitter, this parameter needs to be derated
by the actual UITper (larger of UITper (MIN) or UITper (MAX) of the input clock (output
deratings are relative to the SDRAM input clock).

22. Single-ended signalparameter.

23. The DRAM output timing is aligned to the nominal or average clock. Most output pa-
rameters must be derated by the actual jitter error when input clock jitter is present,
even when within specification. This results in each parameter becoming larger. The fol-
lowing parameters arerequiredto be derated by subtracting tERR10per (MAX):'DQSCK
(MIN), 'LZDQS (MIN),'LZDQ (MIN), and tAON (MIN). The following parameters are re-
quired to be derated by subtracting tERR10per (MIN): 'DQSCK (MAX), 'HZ (MAX), 'LZDQS
(MAX), 'LZDQMAX, and 'AON (MAX). The parameter 'RPRE (MIN) is derated by subtract-
ing UITper (MAX), while 'RPRE (MAX) is derated by subtracting 'UITper (MIN).

24. The maximum preamble is bound by ILZDQS (MAX).

25. These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its re-
spective clock signal (CK, CKB) crossing. The specification values are not affected by the
amount of clock jitter applied, as these are relative to the clock signal crossing. These
parameters should be met whether clock jitter is present.

26. The 'DQSCK (DLL_DIS) parameter begins CL + AL - 1 cycles after the READ command.

27. The maximum postamble is bound by 'tHZDQS(MAX).

28. Commands requiring alocked DLL are: READ (and RDAP) and synchronous ODT com-
mands. In addition, after any change of latency ’XPDLL, timing must be met.

29. YS(base)and!lH (base)valuesare forasingle-ended 1 V/nscontrol/command/address
slewrateand 2 V/ns CK, CKB differential slew rate.

30. These parameters are measured from a command/address signal transition edge to its
respective clock (CK, CKB) signal crossing. The specification values are not affected by
the amount of clock jitter applied as the setup and hold times are relative to the clock
signal crossing that latches the command/address. These parameters should be met
whether clock jitter is present.

31. Fortheseparameters,the DDR3L SDRAMdevice supportsinPARAM (nCK) = RU('PARAM
[ns]'CK[AVG] [ns]), assuming all input clock jitter specifications are satisfied. Forexam-
ple, the device will supporttnRP (nCK) = RU('RP/ACK[AV@G]) if all input clock jitter specifi-
cations are met. This means that for DDR3-800 6-6-6, of which 'RP = 5ns, the device will
support 'nRP = RU('RP/'CK[AVG]) = 6 as long as the input clock jitter specifications are
met. Thatis, the PRECHARGE command at TO and the ACTIVATEcommand at TO + 6 are
valid even if six clocks are less than 15ns due to input clockjitter.

32. During READs and WRITEs with auto precharge, the DDR3 SDRAM will hold off the in-
ternal PRECHARGE command until tRAS (MIN) has beensatisfied.

33. When operating in DLL disable mode, the greater of 4CK or 15ns is satisfied for 'WR.

34. The start of the write recovery time is defined as follows:

» For BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
» For BC4 (OTF): Rising clock edge four clock cycles after WL
» For BC4 (fixed by MRS): Rising clock edge two clock cycles after WL

35. RESET#shouldbe LOW as soon as power starts to ramp to ensure the outputs are in
High-Z. UntilRESET#isLOW, the outputs are at risk ofdriving and could resultin
excessive current, depending onbusactivity.
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36. The refresh period is 64ms when T¢ is less than or equal to 85°C. This equates to an aver-
age refresh rate of 7.8125us. However, nine REFRESH commands should be asserted at
least once every 70.3us. When Tc is greater than 85°C, the refresh periodis 32ms.

37. Although CKE is allowed to be registered LOW after a REFRESH command when
'REFPDEN (MIN) is satisfied, there are cases where additional time suchas 'XPDLL (MIN)
is required.

38. ODT turn-on time MIN is when the device leaves High-Z and ODT resistance begins to
turn on. ODT turn-on time maximum is when the ODT resistance is fully on. The ODT
reference load is shown. This output load is used for ODT timings.Designs that were
created prior to JEDEC tightening the maxi- mum limit from 9ns to 8.5ns will be
allowed to have a 9nsmaximum.

39. Half-clock output parameters must be derated by the actual 'ERR10per and JITdty
when input clock jitter is present. This results in each parameter becoming larger.
Theparame- ters tADC (MIN) and 'AOF (MIN) are each required to be derated by
subtracting both tERR10per (MAX) and WUITdty (MAX). The parameters 'ADC (MAX) and
AOF (MAX) are required to be derated by subtracting both tERR10per (MAX) and
YITdty (MAX).

40. ODT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turn-
off time maximum is when the DRAM buffer is in High-Z. The ODT reference load is shown.
This output load is used for ODT timings .

41. Pulse width of a input signal is defined as the width between the first crossing of
VRer(pc) and the consecutive crossing of VRer(pc)-

42. Should the clock rate be larger thantRFC (MIN), an AUTO REFRESH command should
have atleast one NOP command betweenitand another AUTO REFRESH command. Ad-
ditionally, if the clock rate is slower than 40ns (25 MHz), all REFRESH commands should
be followed by a PRECHARGE ALL command.

43. DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cessesto aparticular row address may resultin areduction of REFRESH characteristics or
product lifetime.

44. When two ViHac) values (and two corresponding ViLac) values) are listed for a specific
speed bin, the user may choose either value for the input AC level. Whichever value is
used, the associated setup time for that AC level must also be used. Additionally, one
ViHac) value may be used for address/command inputs and the other Viyac) value may
be used for datainputs.

For example, for DDR3-800, two input AC levels are defined: ViHac175),min and
ViH(ac150),min (corresponding Vi (ac175),min and ViLac1s0),min). For DDR3-800, the address/
command inputs must use either Vinac17s),min With 1IS(AC175) of 200ps or ViH(ac150),min
with IS(AC150) of 350ps; independently, the data inputs must use either ViHac175),min
with 'DS(AC175) of 75ps or ViHac150),min With 'DS(AC150) of 125ps.
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Electrical Characteristics and AC Operating Conditions

Electrical Characteristics and AC Operating Conditions for Speed Extensions

Notes 1-8 apply to the entire table

Clock Timing
Clock period average: Tc=0°Cto 85°C ICK 8 (8) 7800(7800) ns 9,42
DLL disable mode Tc=>85°Cto 95°C | (DLL_DIS) 8 (8) 3900(7800) ns 42
Clock period average: DLL enable mode 'CK (AVG) See Speed Bin Tables for 'CK range allowed ns 10, 11
High pulse width average ICH (AVG) 0.47 (0.47) 0.53 (0.53) CK 12
Low pulse width average ICL (AVG) 0.47 (0.47) 0.53 (0.53) CK 12
Clock period jitter DLL locked UlTper —60 (50) 60 (50) ps 13
DLL locking YlTper,lck -50 (40) 50 (40) ps 13
Clock absolute period 'CK (ABS) MIN ='CK (AVG) MIN +
UlTper MIN; MAX =
ICK (AVG) MAX +
UlTper MAX ps
Clock absolute high pulse width ICH (ABS) 0.43 (0.43) - ICK 14
(AVG)
Clock absolute low pulse width ICL (ABS) 0.43 (0.43) - ICK 15
(AVG)
Cycle-to-cycle jitter DLL locked UlTce 120 (120) ps 16
DLL locking YlITce,lck 100 (100) ps 16
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1866 (2133)

Parameter Symbol Min Max Unit | Notes
Cumulative error across |2 cycles 'ERR2per —88 (74) 88 (74) ps 17
3 cycles 'ERR3per -105 (87) 105 (87) ps 17
4 cycles 'ERR4per =117 (97) 117 (97) ps 17
5 cycles 'ERR5per —126 (105) 126 (105) ps 17
6 cycles 'ERR6per —133 (111) 133 (111) ps 17
7 cycles 'ERR7per -139 (116) 139 (116) ps 17
8 cycles 'ERR8per —145 (121) 145 (121) ps 17
9 cycles 'ERR9per —150 (125) 150 (125) ps 17
10 cycles 'ERR10per —-154 (128) 154 (128) ps 17
11 cycles 'ERR11per —-158 (132) 158 (132) ps 17
12 cycles 'ERR12per -161 (134) 161 (134) ps 17
n=13,14...49,50 | 'ERRnper 'ERRnper MIN = (1 + 0.68In[n]) x UITper MIN ps 17
cycles 'ERRnper MAX = (1 + 0.68In[n]) x UITper MAX
DQ Input Timing
Data setup time to Base (specification) DS 70(55) - ps 18,19
DQS, DQS# @ 2 V/ns (AC130)
VRer @ 2 V/ns 135(120.5) - ps 19, 20
Data hold time from Base (specification) 'DH 75(60) - ps 18, 19
DQS, DQS# @ 2 V/ns (DC90)
VRer @ 2 V/ns 110(105) - ps 19, 20
Minimum data pulse width 'DIPW 320(280) - ps 41
DQ Output Timing
DQS, DQS# to DQ skew, per access IDQSQ - 85 (75) ps
DQ output hold time from DQS, DQS# '‘QH 0.38(0.38) - ICK 21
(AVG)

DQ Low-Z time from CK, CKB 1LZDQ -390 (360) 195(180) ps 22,23
DQ High-Z time from CK, CKB 'HZDQ - 195(180) ps 22,23
DQ Strobe Input Timing
DQS, DQSH# rising to CK, CKB rising 'DQSS -0.27(0.27) 0.27(0.27) CK 25

DQS, DQS# differential input low pulse width 'DQSL 0.45(0.45) 0.55(0.55) CK
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Table 59: Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1866 (2133)

Parameter Symbol Min Max Unit | Notes
DQS, DQS# differential input high pulse 'DQSH 0.45(0.45) 0.55(0.55) CK
width
DQS, DQS# falling setup to CK, CKB rising DSS 0.18(0.18) _ CK 25
DQS, DQSt# falling hold from CK, CKB rising DSH 0.18(0.18) _ CK 25
DQS, DQS# differential WRITE preamble 'WPRE 0.9(0.9) _ CK
DQS, DQS# differential WRITE postamble 'WPST 0.3(0.3) _ CK
DQ Strobe Output Timing
DQS, DQS# rising to/from rising CK, CKB 'DQSCK —195 (180) 195 (180) ps 23
DQS, DQS#rising to/fromrising CK, CKB 'DQSCK 1 10 ns 26
when DLL is disabled (DLL_DIS)
DQS, DQS# differential output high time 'QSH 0.40 (0.4) _ CK 21
DQS, DQS# differential output low time 'QSL 0.40 (0.4) _ CK 21
DQS, DQS# Low-Z time (RL - 1) 'LZDQS —-390(360) 195(180) ps 22,23
DQS, DQS# High-Z time (RL + BL/2) 'HZDQS - 195(180) ps 22,23
DQS, DQS# differential READ preamble 'RPRE 0.9(0.9) Note 24 CK | 23,24
DQS, DQSt# differential READ postamble 'RPST 0.3(0.3) Note 27 CK | 23,27
Command and Address Timing
DLL locking time DLLK 512(512) _ CK 28
CTRL, CMD, ADDR Base (specification) s 65(60) _ ps |29, 30,
setup to CK,CKB (AC135) 44
VRer @ 1 V/ns 200(195) _ ps 20, 30
CTRL, CMD, ADDR Base (specification) s 150(135) _ ps |29, 30,
setup to CK,CKB (AC125) 44
VRer @ 1 V/ns 275(260) _ ps 20, 30
CTRL, CMD, ADDR hold | Base (specification) IH 110 (95) _ ps 29, 30
from CK,CKB VRer @ 1 V/ns (DC90) 200(195) ~ ps | 20,30
Minimum CTRL, CMD, ADDR pulse width PwW 535(470) _ ps 41
ACTIVATE to internal READ or WRITE delay 'RCD See Speed Bin Tables for tRCD ns 31
PRECHARGE command period 'RP See Speed Bin Tables for 'RP ns 31
ACTIVATE-to-PRECHARGE command period 'RAS See Speed Bin Tables for {RAS ns | 31,32
ACTIVATE-to-ACTIVATE command period 'RC See Speed Bin Tables for 'RC ns | 31,43
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—8 apply to the entire table

DDR3L-1866 (2133)

Parameter Symbol Min | Max Unit | Notes
ACTIVATE-to-ACTIVATE | 1KB page size 'RRD MIN = greater of 4CK or 5ns CK 31
migimum command pe-| 2KB page size MIN = greater of 4CK or 6ns CK 31
rio
Four ACTIVATE 1KB page size FAW 27 (25) - ns 31
windows 2KB page size 35 (35) _ ns 31
Write recovery time 'WR MIN = 15ns; MAX = N/A ns |31, 32,
33
Delay from start of internal WRITE transac- 'WTR MIN = greater of 4CK or 7.5ns; MAX = N/A CK | 31,34
tion to internal READ command
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31, 32
CASB-to-CASB command delay ICCD MIN = 4CK; MAX = N/A CK
Auto precharge write recovery + precharge DAL MIN = WR + 'RP/'CK (AVG); MAX = N/A CK
time
MODE REGISTER SET command cycle time 'MRD MIN = 4CK; MAX = N/A CK
MODE REGISTER SET command update delay| tMOD MIN = greater of 12CK or 15ns; MAX = N/A CK
MULTIPURPOSE REGISTERREADburstendto| 'MPRR MIN = 1CK; MAX = N/A CK
mode register set for multipurpose register
exit
Calibration Timing

ZQCL command: Long |POWER-UP and RE-| 'ZQinit MIN = N/A CK
calibration time SET operation MAX = MAX(512nCK, 640ns)

Normal operation ZQoper MIN = N/A CK

MAX = max(256nCK, 320ns)
ZQCS command: Short calibration time MIN = N/A CK
MAX = max(64nCK, 80ns) ZQCS
Initialization and Reset Timing

Exit reset from CKE HIGH to a valid command XPR MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK
Begin power supply ramp to power supplies 'WDDPR MIN = N/A; MAX = 200 ms
stable
RESET# LOW to power supplies stable ‘RPS MIN = 0; MAX = 200 ms
RESET# LOW to I/O and Ryt High-Z 10z MIN = N/A; MAX = 20 ns 35

Refresh Timing
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—8 apply to the entire table

DDRS3L-1866(2133)

Parameter Symbol Min | Max Unit | Notes
REFRESH-to-ACTIVATE or REFRESH 'RFC - 1Gb MIN = 110; MAX = 70,200 ns
command period 'RFC - 2Gb MIN = 160; MAX = 70,200 ns

'RFC — 4Gb MIN = 260; MAX = 70,200 ns

'RFC - 8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Tc<85°C - 64 (1X) ms 36
period Tc> 85°C 32 (2X) ms 36
Maximum average Tc<85°C 'REFI 7.8 (64ms/8192) us 36
periodic refresh Tc>85°C 3.9 (32ms/8192) us 36

Self Refresh Timing
Exit self refresh to commands not requiring a XS MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK
locked DLL
Exit self refresh to commands requiring a XSDLL MIN = 'DLLK (MIN); CK 28
locked DLL MAX = N/A
Minimum CKE low pulse width for self re- ICKESR MIN = ICKE (MIN) + CK; MAX = N/A CK
fresh entry to self refresh exit timing
Valid clocks after self refresh entry or power- | 'CKSRE MIN = greater of 5CK or 10ns; MAX = N/A CK
down entry
Valid clocks before self refresh exit, {CKSRX MIN = greater of 5CK or 10ns; MAX = N/A CK
power-down exit, or resetexit
Power-Down Timing
CKE MIN pulse width 'CKE (MIN) Greater of 3CK or 5ns CK
Command pass disable delay 'CPDED MIN = 2; CK
MAX = N/A

Power-downentrytopower-downexittim- PD MIN = 'CKE (MIN); CK
ing MAX = 9 * tREFI
Begin power-down period prior to CKE 'ANPD WL - 1CK CK
registered HIGH
Power-down entry period: ODT either PDE Greater of tANPD or '‘RFC - REFRESH command to CKE LOW time | CK
synchronous or asynchronous
Power-down exit period: ODT either PDX 'ANPD + XPDLL CK

synchronous or asynchronous

Power-Down Entry Minimum Timing
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—-8 a

ly to the entire table

ACTIVATE command to power-down entry | 'ACTPDEN MIN = 2 CK
PRECHARGE/PRECHARGE ALL command to 'PRPDEN MIN = 2 CK
power-down entry
REFRESH command to power-down entry 'REFPDEN MIN = 2 CK 37
MRS command to power-down entry 'MRSPDEN MIN = tMOD (MIN) CK
READ/READ with auto precharge command | 'RDPDEN MIN =RL + 4 + 1 CK
to power-down entry
WRITE command to BL8 (OTF, MRS) 'WRPDEN MIN = WL + 4 + CK
power-down entry BC40TF 'WRACK (AVG)

BC4MRS 'WRPDEN MIN = WL + 2 + CK

'WRACK (AVG)
WRITEwithautopre- |BL8 (OTF, MRS) 'WRAP- MIN = WL + 4 + WR + 1 CK
charge command to BC40TF DEN
power-down entry BC4MRS 'WRAP- MIN=WL +2 + WR + 1 CK
DEN
Power-Down Exit Timing
DLL on, any valid command, or DLL off to XpP MIN = greater of 3CK or 6ns; CK
commands not requiring locked DLL MAX = N/A
Precharge power-down with DLL off to XPDLL MIN = greater of 10CK or 24ns; MAX = N/A CK 28
commands requiring a locked DLL
ODT Timing

Rtt synchronous turn-on delay ODTL on CWL + AL - 2CK CK 38
Rt synchronous turn-off delay ODTL off CWL + AL - 2CK CK 40
Rt turn-on from ODTL on reference 'AON -195(180) -195(180) ps 23,38
Rt turn-off from ODTL off reference AOF 0.3 ‘ 0.7 0.3 ’ 0.7 CK | 39,40
Asynchronous Rt turn-on delay AONPD MIN = 2; MAX = 8.5 ns 38
(power-down with DLL off)
Asynchronous Rt turn-off delay 'AOFPD MIN = 2; MAX = 8.5 ns 40
(power-down with DLL off)
ODT HIGH time with WRITE command and ODTH8 MIN = 6; MAX = N/A CK

BL8
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1—8 apply to the entire table

ODT HIGH time without WRITE command or | ODTH4 MIN = 4; MAX = N/A CK
with WRITE command and BC4
Dynamic ODT Timing

RTT nom-to-Rrr(wr) change skew ODTLcnw WL - 2CK CK
Rrrwr)-to-RtT,nom change skew - BC4 ODTLcwn4 4CK + ODTLoff CK
Rrr1(wR)-to-Rt7nom change skew - BL8 ODTLcwn8 6CK + ODTLoff CK
Rtt dynamic change skew 'ADC 0.3(0.3) 0.7(0.7) CK 39

Write Leveling Timing
First DQS, DQS# rising edge 'WLMRD 40 (40) - CK
DQS, DQS# delay 'WLDQSEN 25 (25) - CK
Write leveling setup from rising CK, CKB 'WLS 140 (125) - ps
crossing to rising DQS, DQS# crossing
Write leveling hold from rising DQS, DQS# 'WLH 140 (125) - ps
crossing to rising CK, CKB crossing
Write leveling output delay WLO 0 7.5(7.0) ns
Write leveling output error 'WLOE 0 2(2) ns
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Notes: 1. AC timing parameters are valid from specified Tc MIN to Tc MAX values.

2. All voltages are referenced to Vss.

3. Output timings are only valid for Ronss output bufferselection.

4. The unit!CK (AVG) represents the actual 'CK (AVG) of the input clock under operation.
The unit CK represents one clock cycle of the input clock, counting the actual clock
edges.

5. AC timing and Ipp tests may use a V_-to-V|4 swing of up to 900mV in the test environ-
ment, but input timing is still referenced to Vrer (except YIS, 'IH, 'DS, and 'DH use the
AC/DC trip points and CK, CKB and DQS, DQS# use their crossing points). The minimum
slew rate for the input signals used to test the device is 1 V/ns for single-ended inputs
(DQs are at 2V/ns for DDR3-1866 and DDR3-2133) and 2 V/ns for differential inputs
in the range between Vi ac) and Vin(ac).

6. All timings that use time-based values (ns, ys, ms) should use !CK (AVG) to determine the
correct number of clocks uses CK or 'CK [AVG] interchangeably). In the case of
noninteger results, all minimum limits are to be rounded up to the nearest whole integer,
and all maximum limits are to be rounded down to the nearest whole integer.

7. Strobe or DQSdiff refers to the DQS and DQS# differential crossing point when DQS is
the rising edge. Clock or CK refers to the CK and CKB differential crossing point when
CKis the rising edge.

8. This output load is used for all AC timing (except ODT reference timing) and slew rates.
The actual test load may be different. The output signal voltage reference point is
Vppa/2 for single-ended signals and the crossing point for differential signals.

9. When operating in DLL disable mode, JSC does not warrant compliance with normal
mode timings or functionality.

10. The clock’s'CK (AVG)is the average clock over any 200 consecutive clocks and ICK(AVG)
MIN is the smallest clock rate allowed, with the exception of a deviation due to clock
jitter. Input clock jitter is allowed provided it does not exceed values specified and must
be of a random Gaussian distribution in nature.

11. Spread spectrum is not included in the jitter specification values. However, the input
clock can accommodate spread-spectrum at a sweep rate in the range of 20-60 kHz with
an additional 1% of {CK (AVG) as a long-term jitter component; however, the spread
spectrum may not use a clock rate below !CK (AVG) MIN.

12. The clock’s 'CH (AVG) and 'CL (AVG) are the average half clock period over any 200 con-
secutive clocks and is the smallest clock half period allowed, with the exception of a de-
viation due to clock jitter. Input clock jitter is allowed provided it does not exceed values
specified and must be of a random Gaussian distribution innature.

13. The periodjitter ({JITper) is the maximum deviation in the clock period from the average
or nominal clock. It is allowed in either the positive or negative direction.

14. 'CH (ABS) is the absolute instantaneous clock high pulse width as measured from one
rising edge to the following falling edge.

15. 'CL (ABS) is the absolute instantaneous clock low pulse width as measured from one fall-
ing edge to the following rising edge.

16. Thecycle-to-cyclejitter UITccis the amount the clock period can deviate fromone cycle
to the next. It is important to keep cycle-to-cycle jitter at a minimum during the DLL
locking time.

17. The cumulative jitter error 'ERRnper, where nis the number of clocks between 2 and 50, is
the amount of clock time allowed to accumulate consecutively away from the average clock
over n number of clock cycles.

18. DS (base) and 'DH (base) values are for a single-ended 1 V/ns slew rate DQs (DQs are at
2V/ns for DDR3-1866/2133) and 2 V/ns slew rate differential DQS, DQS#; when DQ
single- ended slew rate is 2V/ns, the DQS differential slew rate is 4V/ns.
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19.

20.

21.

22.
23.

24.
25.

26.
27.
28.
29.

30.

31.

32.

33.
34.

35.

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

These parameters are measured from a data signal (DM, DQO, DQ1, and so forth) transi-
tion edge to its respective data strobe signal (DQS, DQS#) crossing.

The setup and hold times are listed converting the base specification values (towhich
derating tables apply) to Vrer when the slewrateis 1 V/ns (DQs areat 2V/ns for
DDR3-1866/2133). These values, witha slew rate of 1 V/ns (DQs are at 2V/ns

for DDR3-1866/2133), are for reference only.

When the device is operated with input clock jitter, this parameter needs to be derated
by the actual UITper (larger of UITper (MIN) or UITper (MAX) of the input clock (output
deratings are relative to the SDRAM input clock).

Single-ended signal parameter.

The DRAM output timing is aligned to the nominal or average clock. Most output pa-
rameters must be derated by the actual jitter error when input clock jitter is present,
evenwhen within specification. Thisresults in each parameter becominglarger. The fol-
lowing parameters are requiredto be derated by subtracting'ERR10per (MAX):'DQSCK
(MIN),'LZDQS (MIN),'LZDQ (MIN), and tAON (MIN). The following parameters are re-
quired to be derated by subtracting tERR10per (MIN): IDQSCK (MAX), 'HZ (MAX), 'LZDQS
(MAX),'LZDQ(MAX), and!AON (MAX). The parameter'RPRE (MIN) isderated by sub-
tracting UITper (MAX), while tRPRE (MAX) is derated by subtracting UITper (MIN).
The maximum preamble is bound by 'LZDQS (MAX).

These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its re-
spective clock signal (CK, CKB) crossing. The specification values are not affected by the
amount of clock jitter applied, as these are relative to the clock signal crossing. These
parameters should be met whether clock jitter is present.

The 'DQSCK (DLL_DIS) parameter begins CL + AL - 1 cycles after the READ command.
The maximum postamble is bound by tHZDQS(MAX).

Commands requiring alocked DLL are: READ (and RDAP) and synchronous ODT com-
mands. In addition, after any change of latency'XPDLL, timing must be met.

IS (base) and'lH (base) valuesare for asingle-ended 1 V/ns control/command/address
slewrateand2 V/ns CK, CKB differential slew rate.

These parameters are measured from a command/address signal transition edge to its
respective clock (CK, CKB) signal crossing. The specification values are not affected by

the amount of clock jitter applied as the setup and hold times are relative to the clock

signal crossing that latches the command/address. These parameters should be met
whether clock jitter is present.

Forthese parameters,the DDR3L SDRAM device supportstnPARAM (nCK)=
RU('PARAM [ns]/'CK[AVG] [ns]), assuming all input clock jitter specifications are
satisfied. For exam- ple, the device will support 'nRP (nCK) = RU('RP/ICK[AVG)) if all
input clock jitter specifi- cations are met. This means that for DDR3-800 6-6-6, of which
'RP = 5ns, the device will support 'nRP = RU('RP/'CK[AVG]) = 6 as long as the input
clock jitter specifications are met. Thatis, the PRECHARGE command at TO and the
ACTIVATEcommand at TO + 6 are valid even if six clocks are less than 15ns due to input
clock jitter.

During READs and WRITEs with auto precharge, the DDR3 SDRAM will hold off the in-
ternal PRECHARGE command until 'tRAS (MIN) has beensatisfied.

When operating in DLL disable mode, the greater of 5CK or 15ns is satisfied for 'WR.
The start of the write recovery time is defined as follows:

» For BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
= For BC4 (OTF): Rising clock edge four clock cycles afterWL
» For BC4 (fixed by MRS): Rising clock edge two clock cycles afterWL

RESET# should be LOW as soon as power starts to ramp to ensure the outputs are in
High-Z. UntilRESET#isLOW, the outputs are at risk of drivingandcouldresultin
exces- sive current, depending on bus activity.
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36. The refresh period is 64ms when Tcis less than or equal to 85°C. This equates to an aver-
age refresh rate of 7.8125us. However, nine REFRESH commands should be asserted at
least once every 70.3us. When Tc is greater than 85°C, the refresh period is 32ms.

37. Although CKE is allowed to be registered LOW after a REFRESH command when
'REFPDEN (MIN)is satisfied, there are cases where additional time suchas 'XPDLL (MIN)
is required.

38. ODT turn-on time MIN is when the device leaves High-Z and ODT resistance begins to
turn on. ODT turn-on time maximum is when the ODT resistance is fully on. The ODT
reference load is shown. This output load is used for ODT timings.Designs that were
created prior to JEDEC tightening the maxi- mum limit from 9ns to 8.5ns will be
allowed to have a 9nsmaximum.

39. Half-clock output parameters must be derated by the actual 'ERR10per and YJITdtywhen
input clock jitter is present. This results in each parameter becoming larger. Theparame-
ters tADC (MIN) and 'tAOF (MIN) are each required to be derated by subtracting both
'ERR10per (MAX) and UITdty (MAX). The parameters tADC (MAX) and tAOF (MAX) are
required to be derated by subtracting both 'ERR10per (MAX) and WUITdty (MAX).

40. ODT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turn-
off time maximum is when the DRAM buffer is in High-Z. The ODT reference load is shown.
This output load is used for ODTtimings.

41. Pulse width of a input signal is defined as the width between the first crossing of
VRer(bc) and the consecutive crossing of VRer(pe).

42. Should the clock rate be larger thantRFC (MIN), an AUTO REFRESH command should
have atleast one NOP command betweenitand another AUTO REFRESH command. Ad-
ditionally, if the clock rate is slower than 40ns (25 MHz), all REFRESH commands should
be followed by a PRECHARGE ALL command.

43. DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cessesto aparticular row address may result in a reduction of REFRESH characteristics or
product lifetime.

44. When two ViHac) values (and two corresponding ViLac) values) are listed for a specific
speed bin, the user may choose either value for the input AC level. Whichever value is
used, the associated setup time for that AC level must also be used. Additionally, one
ViHac) value may be used for address/command inputs and the other Viyac) value may
be used for datainputs.

For example, for DDR3-800, two input AC levels are defined: ViHac175),min and
ViH(ac150),min (corresponding Vi (ac175),min and ViLac150),min). For DDR3-800, the address/
command inputs must use either Vinac17s),min With 1IS(AC175) of 200ps or ViH(ac150),min
with IS(AC150) of 350ps; independently, the data inputs must use either ViHac175),min
with 'DS(AC175) of 75ps or ViHac150),min With 'DS(AC150) of 125ps.
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The total 'IS (setuptime) and 'TH (holdtime) required is calculated by adding the
data sheet 'IS (base) and 'TH (base) values to the A'IS and A'TH derating values
respectively. Example: IS (totalsetuptime) ='IS (base) + A'IS. For a valid transition,
the input signal has to remain above/below Vincac)/ViLac) for some timetVAC.

Although the total setup time for slow slew rates might be negative (for example,a valid
input signal will not have reachedVinac)/ViLac) at  the time of the rising clock
transition), a valid input signal is still required to complete the transition and to reach
ViHcac)/ViLac) for input signal requirements). The derating values may be obtained by
linear interpolation.

Setup(IS) nominal slew rate for a rising signal is defined as the slew rate between
the last crossing of VRer(Dc) and the first crossing of ViHAC)min. Setup (tIS) nominal
slew rate for a falling signal is defined as the slew rate between the last crossing of
VREFDC) and the first crossing of Viracymax. If the actual signal is always earlier than
the nominal slew rate line between the shaded Vrer(pc)-to-AC region, use the
nominal slew rate for derat- ingvalue.If the actual signal is later than the nominal
slew rate line anywhere between the shaded Vrerc)-to-AC region, the slew rate of
a tangent line to the actual signal fromthe AC level to the DC level is used for
derating value.

Hold('IH) nominal slew rate for a rising signal is defined as the slew rate between
the last crossing of ViL(Dc)max and the first crossing of VRer(pc). Hold(tTH) nominal
slew rate for a falling signal is defined as the slew rate between the last crossing of
VIH(DO)min and the first crossing of VRer(pC). If the actual signal is always later than
the nominal slew rate line between the shaded DC-to-VREr(DC) region, use the
nominal slew rate for derating value. If the actual signal is earlier than the nominal
slew rate line anywhere between the shaded DC-to-VRrer(Dc) region, the slew rate of a
tangent line to the actual signal from the DC level to the VrRerC) level is used for
derating value .

DDR3L Command and Address Setup and Hold Values 1 V/ns Referenced - AC/DC-Based

Symbol 1600 1866 2133 Unit Reference
Y1S(base, AC160) 60 - - ps VinacyViLac)
1S(base, AC135) 185 65 60 ps Vinacy/ViLac)
Y1S(base, AC125) - 150 135 ps VinacyViLac)
IH(base, DC90) 130 110 105 ps Vinoey/ViLpe)
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DDR3L-1600 Derating Values for 'IS/'IH - AC135/DC90-Based

2.0 68 45 68 45 68 45 76 53 84 61 92 69 [ 100 | 79 | 108 | 95
1.5 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 16 16 24 24 32 34 40 50
0.9 2 -3 2 -3 2 -3 10 5 18 13 26 21 34 31 42 47
0.8 3 -8 3 -8 3 -8 11 1 19 9 27 17 35 27 43 43
0.7 6 -13 6 -13 6 -13 | 14 -5 22 3 30 11 38 21 46 37
0.6 9 -20 9 -20 9 -20 | 17 | 12 ] 25 -4 | 33 4 41 14 49 30
0.5 5 -30 5 -30 5 =30 [ 18 [ 22| 21 -14 | 29 -6 37 4 45 20
0.4 -3 | 45| 3 | 45| -3 | 45 6 =37 | 14 | 29| 22 | -21 30 [ 11| 38 5
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DDR3L-1866/2133 Derating Values for 'IS/'IH - AC125/DC90-Based (Continued)

0.9 3 | 3] 3| 3| 3| 3] 11 5 |19 | 13| 27 | 21 | 35 | 31 | 43 | 47
0.8 6 | 8| 6 | 8| 6| 814 ] 1 |22 9 3] 17 ]38 ]|27]46 ] 43
0.7 10 |-13| 10 [-13] 10 | 13| 18 | -5 | 26 | 3 | 34 | 11 | 42 [ 21 | 50 | 37
0.6 16 |20 | 16 | 20| 16 | 20| 24 [ —12| 32 | -4 | 40 | 4 | 48 [ 14 | 56 | 30
0.5 15 | 30| 15 |3 15 | 30| 23 [ 22|31 | 14| 3 [ 6|47 ]| 4 | 55 [ 20
0.4 13 |45 | 13 | 45| 13 | 45| 21 | 37 [ 29 | 29| 37 | 21 | 45 [ 11| 53 | 5

DDR3L Minimum Required Time 'VAC Above Vi4ac) (Below ViL[ac)) for Valid ADD/CMD

Transition
| DDR3L-18662133 |
>2.0 200 213 ‘ 200 205 ‘
2.0 200 213 200 205
1.5 173 190 178 184
1.0 120 145 133 143
0.9 102 130 118 129
0.8 80 111 99 111
0.7 51 87 75 89
0.6 13 55 43 59
0.5 Note 1 10 Note 1 18
<0.5 Note 1 10 Note 1 18

Note: 1. Rising input signal shall become equal to or greater than Viy(ac) level and Falling
input signal shall become equal to or less than Vi ac) level.
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Nominal Slew Rate and 'VAC for 'IS (Command and Address - Clock)

tis | tiH tis | tiH

CK

CKB

DQS#

DQS

Vboa

tvAC

ViHAC)min : J
RerF to AC

region
ViHoc)min : / he

Y
/ i ¢

Nominal \
| slew rate

VRer (Do) ‘
Nominal \
slew rate A

» |
VIL(DC)max

VIL(DC)max

<

tvAC

ATF ATR

Setup slew rate VRero) ~ ViL(ac)max Setup slew rate Vinacymin = VREF(DC)
falling signal = ATE rising signal = ATR

Note: 1. The clock and the strobe are drawn on different time scales.
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Nominal Slew Rate for 'IH (Command and Address - Clock)

lis tiH tis tiH
-+ -
o W/
CKB
DQS#
DQS
Vbba
r/-\
VIH(AC)min
ViH(DC)min Q{
DQ to VRer Nominal
egion slew rate T~
VReF(DC) \ w N¢
\ Nominal DC to VREr
slew rate ~ = region
VIL(DC)max
VIL(AC)max )
Vss
—_— et —_— et
ATR ATF
Hold slew rate  VREF(DC)™VIL(DC)max Hold slewrate  ViH©C)min "VREF(DC)
rising signal =
falling signal ATF

ATR
Note: 1. The clock and the strobe are drawn on different time scales.
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s | tH
CK
(0] (= J—
DQSt
DG
Vbpa
Nominal <t\/i’
line
ViH@ac)m \ X |
VRer toAC :
region
ViHDo)mi \
|
M Tangent \
line \
VReF(m) O & O/
Tangent
I_ine
v 3
4
ViLoc)ma
VREer toAC
regi0||1
ViLpcyma > |
Nominal B L -
line
'VAC ATR
Vg
Setupslewrate  Tangent line (Vypc)min - VRerDC))
rising signal = —
. .
ATF

Setup slew rate
falling signal =

Tangent line (VREF(DC) - VIL(AC)max)
ATF

Note: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'IH (Command and Address - Clock)

tis tH

CK

CKB
DQS#

DQS
Vbba

v . M N\

IH(AC)min Nominal
omina
line

ViH©oc)min 2 l
4

DC toVRer -
region Talrllr?:nt A
V L h
REF(DC) p¥ \wr
Tangen t fi >
be _\IREF tine
region
i Nominal
line
VIL(DC)max I"J
VIL(AC)max \-)\_/
Vss
D — Bl D —_— =]
ATR ATR

Note: 1. The clock and the strobe are drawn on different time scales.

Hold slew rate
rising signal =

Hold slew rate
falling signal =

Tangent line (VRer(Dc) - ViL(DC)max)

ATR

Tangent line (ViH(DC)min - VREF(DC))

ATF
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Data Setup, Hold, and Derating

For all input signals the total tDS (setup time) and tDH (hold time) required is
calculated by adding the data sheet tDS(base) and tDH(base) value to the

tDS and tDH (see Table 77) derating value respectively. Example: tDS (total setup time)
= tDS(base) + tDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between

the last crossing of VREF(dc) and the first crossing of VIH(ac)min. Setup (tDS)
nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of VREF(dc) and the first crossing of VIL(ac)max.

If the actual signal is always earlier than the nominal slew rate line between shaded
‘VREF(dc) 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 ‘VREF(dc) to ac
region’, the slew rate of a tangent line to the actual signal from the ac level to
VREF(dc) level is used for derating value.

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between
the last crossing of VIL(dc)max and the first crossing of VREF(dc). Hold (tDH)
nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of VIH(dc¢)min and the first crossing of VREF(dc).

If the actual signal is always later than the nominal slew rate line between shaded
‘dc level to VREF(dc) region’, use nominal slew rate for derating value. If the actual
signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to
VREF(dc) region’, the slew rate of a tangent line to the actual signal from the dc
level to VREF(dc) level is used for derating value.

DDR3L Data Setup and Hold Values at 1 V/ns (DQS, DQS# at 2 V/ns) - AC/DC-Based

Symbol 1600 1866 2133 Unit Reference
DS (base) AC160 - - - ps Vinacy ViLiac)
DS (base) AC135 25 - - ps
DS (base) AC130 70 55 ps
'DH (base) DC90 55 - - ps
'DH (base) DC90 - 75 60 ps
Slew Rate Referenced 1 2 2 Vins
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DDR3L Derating Values for 'DS/'DH - AC160/DC90-Based

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

DDR3L Derating Values for 'DS/'DH - AC135/DC90-Based

1.0 0 0 0 0 0 0 8 8 16 16

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

0.8 3 -8 11 1 19 9 27 17 35 27

0.7 14 -5 22 3 30 11 38 21 46 37
0.6 25 —4 33 4 41 14 49 30
0.5 39 -6 37 4 45 20
0.4 30 | 11| 38 5
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DDR3L Minimum Required Time 'VAC Above ViHc) (Below ViLac)) for Valid DQ Transition

>2.0 95
2.0 95
1.5 73
1.0 30
0.9 16
0.8 Note 1
0.7 -
0.6 -
0.5 -

<0.5 -

Note: 1. Rising input signal shall become equal to or greater than Vinc) level and Falling input

signal shall become equal to or less than Vi (ac) level.
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Nominal Slew Rate and 'VAC for 'DS (DQ - Strobe)

CK r—— .
CKB ot
DQS#
DQS
tDS tDH tbs tDH
| |
Vbba
tvAC
VIH(AC)min /\\\
REF t0AC
region
»

V .
IH(DC)min / / Nominal \

,1 / slewrate \

VREFDC) ~
x Nominal r
\\ sfew rate ( \
ViL(DC)max » (
VREF to AC
region
ViL(AC)max (,\/
tvAC
Vss
. » L By
ATF ATR
Setup slew rate  Vger(pe) ~ViL(Ac)max Setup slew rate  Vyyyacymin - VREF(DO)
falling signal = ATF rising signal = TR

Note: 1. The clock and the strobe are drawn on different time scales.
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Nominal Slew Rate for 'DH (DQ - Strobe)
CK

CKB

DQS#

DQS

tDs tDH

Vboa

VIH(AC)min

VIH(DC)min

DC to VREF
egion

VREF(DO)
Nominal
slew rate

\J
Nominal
slew rate
DC to VREE \

regio \

4

VIL(DC)max

V|L(AC)max \.\/

Vss
—_— > —_— >
ATR ATF
Hold slew rate  VRrer(pc) ~ViLpo)max Hold slew rate Vi (pcymin - VREF(DC)
rising signal = ATR falling signal = ATF

Note: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'DS (DQ - Strobe)

CK
CKB
DQS#
DQS
tps tDH tps tDH
Vopa
Nominal 'VAC
line
ViHac)min \\ J(r/
VREFtOAC x
region // \

ViHDC)min /

Tangent

ne

VREF(DC) \\

VIL(DC)maX \ 7)
N i
\

REF to AC
Y region
VIL(AC)max - I
I — I -
Nominal
line
tVAC ATR
Vs
—_— |-t

Setup slew rate Tangent line (ViH(AC)min - VREF(DC))
rising signal =

ATR
ATF Setup slew rate Tangent line(VREF(DC)-  VIL(AC)max)
falling signal = ATE

Note: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for'DH(DQ- Strobe)

CK
CKB
DQS#
DQS
‘DS ‘DS \DH
[
Vbba
ViH(ac)min
Nominal
line
ViHpC)min \"
/ \»
DC to VRer i
region r/ Tangent
line
VRer(D0) r) ©
v
T t ;
DC to VRer alri\g:n hi qulnal
region line
VIL(DC)max
VIL(AC)max \-). >
Vss
—_ |t —_— =
ATR ATF
Hold slew rate Tangent line (VRer(bc) - ViL(DC)max)
rising signal = ATR
Hold slew rate Tangent line (ViH(DC)min - VREF(DC))
falling signal = ATE

Note: 1. The clock and the strobe are drawn on different time scales.
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MODE REGISTER SET MRS H H L L L L BA OP code
REFRESH REF H H L L L H \ \" \" \Y Vv
Self refresh entry SRE H L L L L H Vv \" \" Vv Vv 6
Self refresh exit SRX L H H Vv V V V V V Vv Vv 6,7
L H H H
Single-bank PRECHARGE PRE H H L L H L BA \Y \Y L \Y
PRECHARGE all banks PREA H H L L H L \Y \ H \"
Bank ACTIVATE ACT H H L L H H BA Row address (RA)
WRITE BL8MRS, WR H H L H L L BA |RFU | V L CA 8
BC4MRS
BC40TF WRS4 H H L H L L BA | RFU L L CA
BL8OTF WRS8 H H L H L L BA |RFU | H L CA
WRITE BL8MRS, WRAP H H L H L L BA |RFU | V H CA
with auto BC4MRS
precharge BC40OTF | WRAPS4 H H L H L L BA | RFU L H CA
BL8OTF | WRAPS8 H H L H L L BA |RFU | H H CA
READ BL8MRS, RD H H L H L H BA |RFU | V L CA
BC4MRS
BC40TF RDS4 H H L H L H BA | RFU L L CA
BL8OTF RDS8 H H L H L H BA |RFU | H L CA
READ BL8MRS, RDAP H H L H L H BA |RFU | V H CA
with auto BC4MRS
precharge BC4OTF | RDAPS4 H H L H L H BA | RFU L H CA
BL8OTF | RDAPS8 H H L H L H BA |RFU | H H CA 8
NO OPERATION NOP H H L H H H Vv \ \ \" Vv
Device DESELECTED DES H H H X X X X X X X X 10
Power-down entry PDE H L L H H H Vv \ \ \" \" 6
H \Y \Y \
Power-down exit PDX L H L H H H V V V Vv Vv 6, 11
H \ \ \
ZQ CALIBRATION LONG | zZQCL H H L H H L X X X H X 12
ZQ CALIBRATION SHORT | ZQCS H H L H H L X X X L X

Notes: 1. Commands are defined by the states of CSB, RASB, CASB, WEB, and CKE at the rising
edge of the clock. The MSB of BA, RA, and CA are device-, density-, and configuration-

dependent.
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. RESETB is enabled LOW and used only for asynchronous reset. Thus, RESETB must

be held HIGH during any normal operation.

The state of ODT does not affect the states described in this table.

Operations apply to the bank defined by the bank address. For MRS, BA selects one of
four moderegisters.

“V”means “H” or “L” (a defined logic level), and “X” means “Don’t Care.”

Additional information on CKE transition.

Self refresh exit is asynchronous.

Burst READs or WRITEs cannot be terminated or interrupted. MRS (fixed) and OTF BL/BC
are defined in MRO.

. The purpose of the NOP command is to prevent the DRAM from registering any unwan-
ted commands. A NOP will not terminate an operation that isexecuting.

. The DES and NOP commands perform similarly.

. The power-down mode does not perform any REFRESHoperations.

. ZQCALIBRATION LONG is used for either ZQinit (first ZQCL command during initializa-
tion) or ZQoper (ZQCL command after initialization).
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Truth Table - CKE

Notes 1-2 apply to the entire table; for additional command details

Power-down L L “Don’t Care” Maintain power-down

L H DES or NOP Power-down exit
Self refresh L L “Don’t Care” Maintain self refresh

L H DES or NOP Self refresh exit
Bank(s) active H L DES or NOP Active power-down entry
Reading H L DES or NOP Power-down entry
Writing H L DES or NOP Power-down entry
Precharging H L DES or NOP Power-down entry
Refreshing H L DES or NOP Precharge power-down entry
All banks idle H L DES or NOP Precharge power-down entry 6

H L REFRESH Self refresh

Notes: 1. All states and sequences not shown are illegal or reserved unless explicitly
described elsewhere in this document.
2. 'CKE (MIN) means CKE must be registered at multiple consecutive positive clock edges.
CKE must remain at the valid input level the entire time it takes to achieve the required
number of registration clocks. Thus, after any CKE transition, CKE may not transition
from its valid level during the time period of IS +!CKE (MIN) + 'IH.
Current state = The state of the DRAMimmediately prior to clock edge n.
4. CKE (n)isthe logic state of CKE at clock edge n; CKE (n - 1) was the state of CKE at the
previous clock edge.
5. COMMAND is the command registered at the clock edge. Action is a result of
COMMAND. ODT does not affect the states described in this table and is notlisted.
6. ldle state = Allbanks are closed, no databursts are in progress, CKE is HIGH, and all tim-
ings from previous operations are satisfied. All self refresh exit and power-down exit pa-
rameters are also satisfied.

w
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Commands

DESELECT
The DESELT (DES) command (CSB HIGH) prevents new commands from being execu-
ted by the DRAM. Operations already in progress are not affected.

NOOPERATION

The NO OPERATION (NOP) command (CSB LOW) prevents unwanted commands from
being registered during idle or wait states. Operations already in progress are not affec-
ted.

ZQ CALIBRATION LONG

The ZQ CALIBRATION LONG (ZQCL) command is used to perform the initial calibration
during a power-up initialization and reset sequence .

This command may be issued a tany time by the controller,depending on the system
environment. The ZQCL command triggers the calibration engine inside the DRAM. Af-
ter calibration is achieved, the calibrated values are transferred from the calibration en-
gine to the DRAM I/0, which are reflected as updated Rox and ODT values.

The DRAM is allowed a timing window defined by either 'ZQ init or ZQoper to
perform a full calibration and transfer of values. When ZQCL is issued during the
initialization sequence, the timing parameter 'ZQinit must be satisfied. When
initialization is complete, subsequent ZQCL commands require the timing parameter
tZQoper to be satisfied.

ZQ CALIBRATION SHORT

The ZQCALIBRATION SHORT(ZQCS) command is used to perform periodic calibra-
tions to account for small voltage and temperature variations. A shorter timing window
is provided to perform the reduced calibration and transfer of values as defined by tim-
ing parameter *ZQCS. A ZQCS command can effectively correct a minimum of 0.5% Ron
and Rrr impedance error within 64 clock cycles, assuming the maximum sensitivities
specified in DDR3L 34 Ohm Output Driver Sensitivity.

ACTIVATE

The ACTIVATE command is used to open(oractivate) a rowin a particular bank for
a subsequent access.The value on the BA[2:0] inputs selects the bank, and the
address provided on inputs A[n:0]selects the row. This row remains open(oractive)
for accesses until a PRECHARGE command is issued to that bank.

A PRECHARGE command must be issued before opening a different row in the same
bank.

READ

The READ command is used to initiate a burst read access to an active row. The address
provided on inputs A[2:0] selects the starting column address, depending on the burst
length and burst type selected (see Burst Order table for additional information). The
value on input A10 determines whether auto precharge is used. If auto precharge is se-
lected,the row being accessed will be precharged attheend of the READ burst. If auto
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precharge is not selected, the row will remain open for subsequent accesses. The value
oninput A12(ifenabledinthe moderegister) when the READcommand is issued de-
termines whether BC4(chop) or BL8 is used. After a READ command is issued, the
READ burst may not be interrupted.

READ Command Summary

READ BL8MRS, RD H L H L H BA | RFU Vv L CA
BC4MRS
BC40OTF RDS4 H L H L H BA | RFU L L CA
BL8OTF RDS8 H L H L H BA | RFU H L CA
READ with BL8MRS, RDAP H L H L H BA | RFU \Y H CA
auto BC4MRS
precharge BC40OTF RDAPS4 H L H L H BA | RFU L H CA
BL8OTF RDAPS8 H L H L H BA | RFU H H CA
WRITE

The WRITE command is used to initiate a burst write access to an active row. The value
on the BA[2:0] inputs selects the bank. The value on input A10 determines whether auto
precharge is used. The value on input A12(ifenabledinthe MR) when the WRITE com-
mand is issued determines whether BC4 (chop) or BL8 is used.

Input data appearing on the DQ is written to the memory array subject to the DM

input logic level appearing coincident with the data. If a given DM signal is
registered LOW, the corresponding data will be written to memory.If the DM signal
is registered HIGH, the corresponding data inputs will be ignored an da WRITE will
not be executed to that byte/column location.

WRITE Command Summary

WRITE BL8MRS, WR H L H L L BA RFU Vv L CA
BC4MRS

BC40TF WRS4 H L H L L BA RFU L L CA

BL8OTF WRSS8 H L H L L BA RFU H L CA

WRITE with BLSMRS, WRAP H L H L L BA RFU \Y H CA
auto BC4MRS

precharge BC40TF WRAPS4 H L H L L BA RFU L H CA

BL8OTF WRAPS8 H L H L L BA RFU H H CA
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The PRECHARGE command is used to deactivate the open row in a particular bank or the
open row in all banks. The bank(s) will be available for a subsequent row activation a
specified time (tRP) after the PRECHARGE command is issued, except in the case of
concurrent auto precharge, where a READ or WRITE command to a different bank is allowed
as long as it does not interrupt the data transfer in the current bank

and does not violate any other timing parameters. Once a bank has been precharged, it is in
the idle state and must be activated prior to any READ or WRITE commands being issued to
that bank. A PRECHARGE command is allowed if there is no open row in that bank (idle
state) or if the previously open row is already in the process of precharging. However, the
precharge period will be determined by the last PRECHARGE command issued to the bank.

The REFRESH command is used during normal operation of the DRAM and is an alo-
gous to CASB-before-RASB (CBR) refresh or auto refresh. This command is nonpersis-
tent, so it must be issued each time a refresh is required. The addressing is generated by
the internal refresh controller. This makes the address bits a “Don’t Care” during a RE-
FRESH command. The DRAM requires REFRESH cycles at an average interval of 7.8ps
(maximum whenTc< 85°C or 3.9us maximum when Tc < 95°C). The REFRESH period
begins when the REFRESH command is registered and ends 'RFC (MIN) later.

To allow for improved efficiency in scheduling and switching between tasks, some flexi-
bility in the absolute refresh interval is provided. A maximum of eight REFRESH com-
mands can be posted to any given DRAM, meaning that the maximum absolute interval
between any REFRESH command and then ext REFRESH command is nine times the
maximum average interval refresh rate. Self refresh may be entered with up to eight RE-
FRESH commands being posted. After exiting self refresh (when entered with posted
REFRESH commands), additional posting of REFRESH commands is allowed to the ex-
tent that the maximum number of cumulative posted REFRESH commands (both pre-
and post-self refresh) does not exceed eight REFRESH commands.

At any given time, a maximum of 16 REFRESH commands can be issued within
2x'REFI.
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T3 T4

Tb1

Tb2

Command

Address

A10

All banks

BA[2:0]

One bank

X sankisy® X A

=
|

BA>

DQs, Das#

=

plely

=

DM*

L e

= e ==

|
—

SELF REFRESH

‘ RFC(MIN)

J 'RFC?
» -

% |/] pontcare

Notes: 1. NOP commands are shown for ease of illustration; other valid commands may be possi-
ble at these times. CKE must be active during the PRECHARGE, ACTIVATE, and REFRESH
commands, but may be inactive at other times (see Power-Down Mode..
ThesecondREFRESHisnotrequired,buttwoback-to-backREFRESHcommandsare
shown.

“Don’t Care” if A10is HIGH at this point; however, A10 must be HIGH if more than one
bank is active (must precharge all active banks).

For operations shown, DM, DQ, and DQS signals are all “Don’t Care”/High-Z.

Only NOP and DES commands are allowed after a REFRESH command and until 'RFC
(MIN) issatisfied.

Indicates break
in time scale

The SELF REFRESH command is used to retain data in the DRAM, even if the rest of the
system is powered down. When in self refresh mode, the DRAM retains data without ex-
ternal clocking. Self refresh mode is also ac onvenient method used to enable/disable
the DLL as well as to change the clock frequency within the allowed synchronous oper-
atingrange (see Input Clock Frequency Change. All power supply inputs (including
VRrErca and VRerpQ) must be maintained at valid levels upon entry/exit and during self
refresh mode operation. VRerpg may float or not driveVppg/2while inself refresh mode
under the following conditions:

« Vss < VREFDQ < VDD ismaintained

« VRErDQ is valid and stable prior to CKE going back HIGH

« Thefirst WRITE operation may not occur earlier than 512 clocks after VrRerp(q is valid
All other self refresh mode exit timing requirements are met
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If the DLL is disabled by the mode register (MR1[0]can be switched during
initialization or later), the DRAM is targeted, but not guaranteed, to operate
similarly to the normal mode, with a few not able exceptions:

» The DRAM supports only one value of CAS latency(CL=6) and one value
of CAS WRITE latency (CWL =6).

« DLL disable mode affects there add at a clock-to-data strobe relationship
(*DQSCK), but not the read data-to-datastrobe relationship (‘DQSQ,'QH).
Specialattentionis required to line up the read data with the controller time
domain when the DLL is disabled.

+ In normal operation (DLLon), 'DQSCK starts from the rising clock edge AL+
CL cycles after the READ command. In DLL disable mode,'DQSCK starts
AL+CL-1cycles after the READ command. Additionally, with the DLL disabled,

the value of 'DQSCK could be larger than tCK.

The ODT feature (including dynamic ODT) is not supported during DLL disable mode.
The ODT resistors must be disabled by continuously registering the ODT ball LOW by
programming Rrrnom MR1[9,6,2] and Rrr(wr) MR2[10,9] too while in the DLL disable
mode.

Specific steps must be followed to switch between the DLL enable and DLL disable
modes due to a gap in the allowed clock rates between the two modes ({CK[AVG]
MAX and 'CK[DLL_DIS] MIN,respectively).The only time the clock is allowed to
cross this clock rate gap is during self refresh mode. Thus, the required procedure
for switching from the DLL enable mode to the DLL disable mode is to change
frequency during self refresh:

1. Starting fromthe idle state (all banks are precharged,all timings are fulfilled,
ODT is turned off, and RT,nom and Rrr(wr)are High-Z), set MR1[0] to 1 to
disablethe DLL.

2. Enter self refresh mode after '™MOD has been satisfied.

3. After 'CKSRE is satisfied, change the frequency to the desired clock rate.

4. Self refresh maybe exited when the clock is stable with the new frequency for
'CKSRX. After 'XS is satisfied, update the mode registers with appropriate values.

5. The DRAM will be ready for its next command in the DLL disable mode after
the greater of 'MRDor 'MOD hasbeen satisfied. AZQCL command should be
issued with appropriate timings met.
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.\ I
SF|{E3)aNOP % A B B Csre Y nop X BX(uRs® NOP
‘CKSIRE W ol 7\\ __'(:KSRX8 ol t>I<s ‘MIOD
[T T et 1T /
{( (( ' A (( {( {(

Indicates break )
intimescale I:l Don'tCare

Notes: 1. Any valid command.

® N o~ D

9.

Disable DLL by setting MR1[0] to 1.

Enter SELFREFRESH.

Exit SELFREFRESH.

Update the mode registers with the DLL disable parameters setting.

Starting with the idle state, Rrris in the High-Z state.

Change frequency.

Clock must be stable 'ICKSRX.

Static LOW in the case that Rt7,nom Or RT1(WR) is enabled; otherwise, static LOW orHIGH.

Asimilarprocedure isrequiredforswitching fromthe DLLdisable mode backto the
DLL enable mode. This also requires changing the frequency during self refresh
mode .Starting from the idle state (all banks are precharged, all timings are fulfilled,
ODT is turned off,and Rrr,nom and Rrr(wr) areHigh-Z),enter self refresh mode.

1.
2.

3.

4.

After 'CKSRE is satisfied, change the frequency to the new clock rate.

Self refresh may be exited when the clock is stable with the new frequency for
'CKSRX. After'XS is satisfied,update the mode registers with the appropriate
values. At a minimum, set MR1[0]to 0 to enable the DLL. Wait !MRD, then set
MRo[8] to 1to enable DLL RESET.

After another'™MRD delay is satisfied, update the remaining mode registers

with the appropriate values.

The DRAMwill be ready for its next command in the DLL enable mode after
the greater of '™MRD or 'MOD has been satisfied. However, before applying
any command or function requiring a locked DLL,a delay of '!DLLKafter
DLLRESET must be satisfied. A ZQCL command should be issued with the
appropriate timings met.
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DLL Disable Mode to DLL Enable Mode

T0 Ta0 Tal Tb0 TcO Tel Td0 Te0 Tf0 Tg0 ThO

£

Indicates break _
. ‘7 Don’tCare
intimescale iy

Notes: 1. Enter SELF REFRESH.
2. Exit SELFREFRESH.
3. Wait XS, then set MR1[0] to O to enable DLL.
4. Wait 'MRD, then set MRO[8] to 1 to begin DLL RESET.
5. Wait 'MRD, update registers (CL, CWL, and write recovery may be necessary).
6. Wait 'MOD, any valid command.
7. Starting with the idle state.
8. Change frequency.
9. Clock must be stable at least ICKSRX.
10. Static LOW in the case that Ryt nom Or RrT(WR) is €nabled; otherwise, static LOW orHIGH.

The clock frequency range for the DLL disable mode is specified by the parameter'CK

(DLL_DIS).Due to latency counter and timing restrictions,only CL=6 and CWL=6 are
supported.

DLL disable mode will affect the read data clock to data strobe relationship (\DQSCK)

but not the data strobe to data relationship (\DQSQ, 'QH). Special at tention is needed
to line up read data to the controller time domain.

Compared to the DLL on mode where 'DQSCK starts from the rising clock edge
AL+CL cycles afterthe READ command, the DLL disable mode'DQSCK starts AL+ CL-
1cycles after the READ command.

WRITE operations function similarly between the DLL enable and DLL disable modes;
however, ODT functionality is not allowed with DLL disable mode.
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T5 T6 T7 T8 T9 T10

Command 3( READ >< NOP >< NOP >< NOP > NOP NOP NOP m

5777 [T
LI e

nocvess X vaia WIS
‘ T

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

—

T
CL=6

N

-

DQS,DQS#DLLon ‘

DQBL8DLLon 0 0

RL (DLL DIS) = AL + (CL-1)=5

DQ BL8 DLL disable ‘

><m

‘( D

DQS, DQS#DLL off

17e7
iy A

I
\
DQS, DQS#DLL off ‘

- ><bfzu><brz. X

{DQSCK (DLL_DIS) MAX

DQ BL8 DLL disable DI DI 7 DI W7 DI DI \7 DI W7 DI o)
b b+1/\ b+2 b+3/\ b+4/\ b+5/\b+6/A\ b+7/
[ﬂ] Transitioning Data Don't Care
READ Electrical Characteristics, DLL Disable Mode
Access window of DQS from CK, CKB 'DQSCK (DLL_DIS) 1 10 ns
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Input Clock Frequency Change

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

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

frequency.

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

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

The second condition is when the DDR3 SDRAM is in Precharge Power-down
mode (either fast exit mode or slow exit mode). If the RTT NOM feature was
enabled in the mode register prior to entering Precharge power down mode, the
ODT signal must continuously be registered LOW ensuring RTT is in an off state.

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

110



N

4Gb DDR3(L) SDRAM

SN\ JSR364Gxx8xxx-SU

=

Change Frequency During Precharge Power-Down

Previous clock frequency New clock frequency

TO T T2 Tco Tet Tdo Td1 Te0 Tel

'CH CLy 'CH CLy
O O Lo

% @ / > -
b 1 i s S

Command NOP MRS
Address DLRESET )/
OoDT
DQS,DQs# |
DQ
DM
DLLK
Enter precharge Frequency Exit precharge
power-down mode change power-down mode

Indicates break
intime scale Don't Care

Notes: 1. Applicable for both SLOW-EXIT and FAST-EXIT precharge power-down modes.

2. 'AOFPD and'AOF must be satisfied and outputs High-Z prior to T1 (see On-Die Termina-
tion (ODT) for exactrequirements).

3. If the RtT,nom feature was enabled in the mode register prior to entering precharge
power-downmode, the ODT signalmustbe continuously registered LOW, ensuring Rtt
is in an off state. If the Rtt nom feature was disabled in the mode register prior to enter-
ing precharge power-down mode, Rrrwill remain in the off state. The ODT signal can
be registered LOW or HIGH inthis case.
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For better signal integrity, the DDR3 memory module adopted fly-by topology for the
commands, addresses, control signals, and clocks. The fly-by topology has benefits from
reducing number of stubs and their length, but it also causes flight time skew between clock
and strobe at every DRAM on the DIMM.

This makes it difficult for the Controller to maintain tDQSS, tDSS, and tDSH specification.
Therefore, the DDR3 SDRAM supports a ‘write leveling’ feature to allow the controller to
compensate for skew. The memory controller can use the ‘write leveling’ feature and
feedback from the DDR3 SDRAM to adjust the DQS - DQS# to CK - CK# relationship. The
memory controller involved in the leveling must have adjustable delay setting on DQS -
DQS# to align the rising edge of DQS - DQS# with that of the clock at the DRAM pin. The
DRAM asynchronously feeds back CK - CK#, sampled with the rising edge of DQS -DQS#,
through the DQ bus. The controller repeatedly delays DQS - DQS# until a transition from o
to 11is detected. The DQS - DQS# delay established though this exercise would ensure tDQSS
specification. Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way
to achieve this is to combine the actual tDQSS in the application with an appropriate duty
cycle and jitter on the DQS - DQS# signals.

Depending on the actual tDQSS in the application, the actual values for tDQSL and tDQSH
may have to be better than the absolute limits provided in the chapter "AC Timing
Parameters" in order to satisfy tDSS and tDSH specification.

Write Leveling Concept

TO T T2 T3 T4 T5 T6 T7

Source
Differential DQS
Tn TO T T2 T4 5 T6
CKB -, ‘ : . )
o A (X A A A A XA
Destination
Differential DQS ]
0o | 17X 0 X 0 XU
Destinatio
n
Push DQS tocapture
0-1 transition
Differential DQS

pa

[ X ! X ! X

Don’t Care

DQS - DQS# driven by the controller during leveling mode must be terminated by
the DRAM based on ranks populated. Similarly, the DQ bus driven by the DRAM
must also be terminated at the controller.
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One or more data bits should carry the leveling feedback to the controller across the
DRAM configurations X4, X8, and X16. On a X16 device, both byte lanes should be
leveled independently. Therefore, a separate feedback mechanism should be
available for each byte lane. The upper data bits should provide the feedback of the
upper diff _DQS(diff_UDQS) to clock relationship whereas the lower data bits
would indicate the lower diff DQS(diff LDQS) to clock relationship..

\

Write Leveling Matrix

Note 1 applies to the entire table

Disabled See normal operations Write leveling not enabled 0
Enabled Disabled n/a Low Off | Off |DQS not receiving: not terminated 1 2
@) (1) Prime DQ High-Z: not terminated
Other DQ High-Z: not terminated
20Q, 30Q, High On DQS not receiving: terminated by Rt 2
40Q, 60Q, or Prime DQ High-Z: not terminated
120Q Other DQ High-Z: not terminated
Enabled n/a Low Off DQS receiving: not terminated 3 3
0) Prime DQ driving CK state: not terminated
Other DQ driving LOW: not terminated
40Q, 60Q, or | High On DQS receiving: terminated by Rt 4
120Q Prime DQ driving CK state: not terminated
Other DQ driving LOW: not terminated

Notes: 1. Expected usage if used during write leveling: Case 1 may be used when DRAM are on a
dual-rank module and on the rank not being leveled or on any rank of a module not
being leveled on a multislot system. Case 2 may be used when DRAM are on any rank of
a module not being leveled on a multislot system. Case 3 is generally not used. Case 4 is
generally used when DRAM are on the rank that is being leveled.

2. Since the DRAM DQS is not being driven (MR1[12] = 1), DQS ignores the input strobe,
and all RtT,nom values are allowed. This simulates a normal standby state to DQS.

3. Since the DRAM DQS is being driven (MR1[12] = 0), DQS captures the input strobe, and
only some RtT,nom values are allowed. This simulates a normal write state to DQS.
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Write Leveling Procedure

The Memory controller initiates Leveling mode of all DRAMs by setting bit 7 of
MR1 to 1. When entering write leveling mode, the DQ pins are in undefined driving
mode. During write leveling mode, only NOP or DESELECT commands are allowed,
as well as an MRS command to change Qoff bit (MR1[A12]) and an MRS command
to exit write leveling (MR1[A7]). Upon exiting write leveling mode, the MRS
command performing the exit (MR1[A7]=0) may also change MR1 bits of A12-A11,
A9, A6-As, and A2-A1. Since the controller levels one rank at a time, the output of
other ranks must be disabled by setting MR1 bit A12 to 1. The Controller may assert
ODT after tMOD, at which time the DRAM is ready to accept the ODT signal.

The Controller may drive DQS low and DQS# high after a delay of tWLDQSEN, at
which time the DRAM has applied on-die termination on these signals. After tDQSL
and tWLMRD, the controller provides a single DQS, DQS# edge which is used by
the DRAM to sample CK - CK# driven from controller.

tWLMRD(max) timing is controller dependent.

DRAM samples CK - CK# status with rising edge of DQS - DQS# and provides
feedback on all the DQ bits asynchronously after tWLO timing. Either one or all
data bits ("prime DQ bit(s)") provide the leveling feedback. The DRAM's remaining
DQ bits are driven Low statically after the first sampling procedure.

There is a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits.
The tWLOE period is defined from the transition of the earliest DQ bit to the
corresponding transition of the latest DQ bit. There are no read strobes
(DQS/DQS#) needed for these DQs. Controller samples incoming DQ and decides
to increment or decrement DQS - DQS# delay setting and launches the next
DQS/DQS# pulse after some time, which is controller dependent. Once a 0 to 1
transition is detected, the controller locks DQS - DQS# delay setting and write
leveling is achieved for the device. Following describes the timing diagram and

parameters for the overall Write Leveling procedure
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Write Leveling Sequence

Command

A

oDT l Ll

; / 'WLEQSET past?
Differential DQS* ~ / . \ \
Z‘K 'WLMRD
Prime DQ? ‘ [
Early remaining DQ ;{

Late remaining DQ

'WLO

Indicatesbreak ) L )
Don't
12 htimescale I:l Undefined Driving Mode I:l on'tCare

Notes: 1. MRS: Load MR1 to enter write leveling mode.

2. NOP: NOP orDES.

3. DQS, DQS# needs to fulfill minimum pulse width requirements 'DQSH (MIN) and 'DQSL
(MIN) as defined for regular writes. The maximum pulse width is system-dependent.

4. Differential DQS is the differential data strobe (DQS, DQS#). Timing reference points are
the zero crossings. The solid line representsDQS; the dotted line represents DQS#.

5. DRAM drives leveling feedback on a prime DQ (DQO for x4 and x8). The remaining DQ
are driven LOW and remain in this state throughout theleveling procedure.
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Write Leveling Mode Exit Procedure

The following sequence describes how the Write Leveling Mode should be exited:

1. After the last rising strobe edge (see ~T0), stop driving the strobe signals (see ~Tco0).
Note: From now on, DQ pins are in undefined driving mode, and will remain undefined,
until tMOD after the respective MR command (Te1).

2. Drive ODT pin low (tIS must be satisfied) and continue registering low. (see Tbo).

3. After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).

4. After tMOD is satisfied (Te1), any valid command may be registered. (MR commands

may be issued after tMRD (Td1).

A\

Write Leveling Exit Procedure

Address (7777781717777 7777 1710 277777 P77/ 777

W S| | |
oDT i/ \{"!‘-‘JF’ y_{"'j-‘u' &S" | = £ ,f ﬁ??\ B ﬂ | m | E E} | m /T}
| | \7/L/ < ODTLoff AQEMIN) ‘ & ‘ ‘ & ‘
R77DQS, RtT DQS# RIT nom \T\ \T\ \T\
i 2 SR |
' X /| /| |
Rrroq) - ! I (\(\ | ( | | ( | ( |
'WLO +'WLOE :
M L

Indicates break
z@ intime scale D Undefined Driving Mode E Transitioning Don'tCare

Note: 1. The DQ result, = 1, between Ta0 and TcO0, is a result of the DQS, DQS# signals capturing
CK HIGH just after the TOstate.
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The following sequence is required for power-up and initialization, as shown ;

1.

Apply power. RESET# is recommended to be below 0.2 x Vppq during power ramp
toensuretheoutputsremaindisabled(High-Z) andODToff(Rrr isalso High-Z). All
other inputs, including ODT, may be undefined.

During power-up, either of the following conditions may exist and must be met:

10.

11.

« Condition A:

- Vpp and Vppg are driven from a single-power converter output and are
ramped with a maximum delta voltage between them of AV< 300mV.
Slope reversal of any power supply signal is allowed. The voltage levels on
all ball so the rathanVpp,VppQ,Vss, Vssg must be less than or equal to
Vppq and Vpp on one side,and must be  greater than or equal to Vssg
and Vss on the other side.

- Both Vpp and Vppq power supplies ramp to Vbp,min and VppQ,min within
tVDDPR = 200ms.

- VREFDQ tracks Vpp x 0.5,VrEFca tracksVpp x 0.5.

- Vrr is limited to 0.95V when the power ramp is complete and is not
applied directly to the device; however,'VTD should be greater than or
equal to 0 to avoid device latch up.

« Condition B:

- Vpp may be applied before or at the same time as Vppg.

- Vppq may be applied before or at the same time asVrr, VREFDQ,and VREFCA.

- No slope reversals are allowed in the power supply ramp for this condition.

Until stable power, maintain RESET# LOW to ensure the outputs remain disabled
(High-Z). After the power is stable, RESET# mustbe LOW for at least 200ps to
begin the initialization process. ODT will remainin the High-Z state while RESET#
is LOW and until CKE is registered HIGH.

CKE must be LOW 10ns prior to RESET# transitioning HIGH.

. After RESET# transitions HIGH, wait 500us (minus one clock) with CKE LOW.

After the CKE LOW time,CKE may be brought HIGH(synchronously) and

only NOP or DES commands may be issued. The clock must be present and
valid for at least 1ons(and a minimum offive clocks) and ODT must be

driven LOW at least

ISprior to CKE being registered HIGH. When CKE is registered HIGH, it must be
continuously registered HIGH until the full initialization process is complete.

. After CKE is registered HIGH and after 'XPR has been satisfied, MRS commands

maybe issued. Issue an MRS(LOADMODE) command to MR2 with the
applicable settings (provide LOW to BA2 and BAo and HIGH to BA1).
Issue an MRS command to MR3 with the applicable settings.

. Issue an MRS command to MR1 with the applicable settings,including enabling

the DLL and configuring ODT.

Issue an MRS command to MRo with the applicable settings, including a DLL RE-
SET command. 'DLLK (512) cycles of clock input are required to lock the DLL.
IssueaZQCL command to calibrate Rrrand Ronvalues for the process voltage
temperature (PVT). Priorto normal operation, 'ZQinit mustbe satisfied.

When '!DLLK and 'ZQinit have been satisfied, the DDR3 SDRAM will be ready for
normal operation.
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DD | =74 See power-up

conditions

vV in the
PPQ | ——=—= jnitialization

v sequence text,

T L ———" setupt

Al r7 77777, f725 4

Stableand
Power-up TD  valid clock

ramp CKB

CK UL PR i TR
‘|ozl§ 20n
RESET#
Command

BT, T LI 7

Address

BA[2:0]

J T =200ps (MIN) T =500ps (MIN)

All voltage
supplies valid
andstable DRAM readyfor

external commands
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Voltage Initialization / Change

If the SDRAM is powered up and initialized for the 1.35V operating voltage range, volt-
age can be increased to the 1.5V operating range provided the following conditions are
met:

« Just prior to increasing the 1.35V operating voltages, no further commands areissued,
other than NOPs or COMMAND INHIBITS, and all banks are in the precharge state.

« The 1.5V operating voltages are stable prior to issuing new commands, other than
NOPsorCOMMAND  INHIBITS.

« The DLLisreset and relocked after the 1.5V operating voltages are stable and prior to
any READ command.

« The ZQ calibration is performed. 'ZQinit must be satisfied after the 1.5V operating
voltages are stable and prior to any READ command.

If the SDRAM is powered up and initialized for the 1.5V operating voltage range, voltage
canbe reduced to the 1.35V operation range provided the following conditions are met :

« Just prior to reducing the 1.5V operating voltages, no further commands are issued,
other than NOPs or COMMAND INHIBITSs, and all banks are in the precharge state.

« The 1.35V operating voltages are stable prior to issuing new commands, other than
NOPsorCOMMAND INHIBITS.

« The DLL is reset and relocked after the 1.35V operating voltages are stable and prior to
any READ command.

« The ZQ calibration is performed. 'ZQinit must be satisfied after the 1.35V operating
voltages are stable and prior to any READ command.
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Vpb Voltage Switching

After the DDR3L DRAM is powered up and initialized, the power supply can be altered
between the DR3Land DDR3 levels, provided the sequence in is maintained.

Vpp Voltage Switching

Ta Tf Tg Th Ti
‘ { ( {( (« (
CK, CKB ¢ X & ‘—\() § H ); ’[—?. ) (){ ’{ }f 3
)
Vo, Vbpa(DDR3) ( (( L (L
)) ) VT
v,V (DDR3L) (( () 22 (( ji
Ty ) ) 77 17
DD DDQ ((
- )
Tmin= 10ns
MiN +200us
o o [ (( (
0 ) i) ) L L
(« (« 06
< - : b ) (« ( (
) )) ) ) L)
7] (( (« («
1 Y 4 ) ) )
3 S| Yy
(( Tmin =10ns ((
CKE ) )
tis
)

) ) ) R ) B D i
Command « ( MRS (( zQcL  (( Note 1 (( al
) ( ) i (EEN pi
7 ' >€‘>
/ ‘1‘ i i i ¥
( ¢ €t (T (
) ) )) )) )) Valid
( (( MR2 MRS  (( MRT MRO  (( (« (« @
) ) )) )) )) )) )) ))
tis s
00 0 (« (« e 00 ed 00 « 09 00
obT (o (€ )) )) is nabl attime Tg,ot rwise HIG))
StaticLOWincase RTT, static
( (( o (( (Te 4o Low o 0 Valid
) ) ) ) ) ) ) )
R (« « (( (( (( (( (( (( ((
l ) ) ) ) ) )) ) ) )
((
()8 Time break Don’t Care
)

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

Mode registers (MRo—MR3) are used to define various modes of programmable opera-
tions of the DDR3SDRAM. A mode register is programmed via the mode register set
(MRS) command during initialization, and it retains the stored information (except for
MRo[8], which is self-clearing) until it is reprogrammed, RESET# goes LOW, the device
loses power.

Contents of a mode register can be altered by reexecuting the MRS command.
Even if the user wants to modify only a subset of the mode register’s variables,
all variables must be programmed when the MRS command is issued.
Reprogramming the mode register will not alter the contents of the memory
array, provided it is performed correctly.

The MRS command can only be issued(or re-issued) when all banks are idle and in the
precharged state (‘RP is satisfied and no data bursts are in progress). After an MRS
command has been issued, two parameters must be satisfied: tMRD and'MOD. The
controller must wait '™MRD before initiating any subsequent MRS commands.

MRS to MRS Command Timing (‘MRD)

T0 T T2 Ta0 Tal Ta2
CKB ; S

CK

Command :><MRS1 XX NO|P XX No|P

= XX = XX X

o X XUV 7/ u: W=
CKE® \ﬂ_/ \_ﬂ/ \ji/ \_/ \_/ \

Indicates break ﬁ Don’t Care
in timescale

Notes: 1. Prior to issuing the MRS command, all banks must be idle and precharged, 'RP
(MIN) must be satisfied, and no data bursts can be in progress.

2. 'MRD specifies the MRS to MRS command minimum cycle time.

3. CKE must beregistered HIGH fromthe MRS command until'tMRSPDEN (MIN) (see Pow-
er-Down Mode).

4. For a CAS latency change, IXXPDLL timing must be met before any non-MRS command.

The controller must also wait 'MOD before initiating any non-MRS commands (exclud-
ing NOP and DES). The DRAM requires 'MOD in order to update the requested features,

with the exception of DLL RESET, which requires additional time. Until tMOD has been
satisfied, the updated features are to be assumed unavailable.
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TO T T2 Ta0 Tal Ta2
CKB ; : ; :

CK

Command :><MRS >< " ><NO|P >< >< NC|)P

CKE / ‘ N\ f/ ‘
Old

setting Updatingsetting

New
setting

_Indﬁcatesbreak Don't Care
in timescale

Notes: 1. Prior to issuing the MRS command, all banks must be idle (they must be precharged,
'RP must be satisfied, and no data bursts can be in progress).
2. Priorto Ta2when 'MOD (MIN) is being satisfied, no commands (except NOP/DES) may be
issued.

3. If Rrrwas previously enabled, ODT must be registered LOW at TO so that ODTL is satis-
fied prior to Tal. ODT must also be registered LOW at each rising CK edge from TO until
'MODmin is satisfied at Ta2.

4. CKE must be registered HIGH from the MRS command until IMRSPDEN (MIN), at which
time power-down may occur (see Power-Down Mode.

Mode Register 0 (MRO)

Burst Length

The base register, mode register o (MRO0), is used to define various DDR3 SDRAM modes
of operation. These definitions include the selection of a burst length,burst type,CAS
latency, operating mode, DLL RESET, write recovery, and pre charge power-down mode.

Burst length is defined by MRo[1:0]. Read and write accesses to the DDR3 SDRAM are
burst-oriented,with the burst length being programmable to 4(chop) mode,8(fixed)
mode, or selectable using A12 during a READ/WRITE command (on-the-fly). The burst
length determines the maximum number of column locations that can be accessed for a
given READ or WRITE command. When MRo[1:0] is set to 01 during a READ/WRITE
command,if A12=0, then BC4 mode is selected. If A12=1, then BL8 mode is selected.
Specific timing diagrams, and turn around between READ/WRITE, are shown in the
READ/WRITE sections of this document.

When a READ or WRITE command is issued, a block of columns equal to the burst
length is effectively selected. All accesses for that burst take place within this block,
meaning that the burst will wrap within the block if a boundary is reached. The block is
uniquely selected by A[i:2] when the burst length is set to 4 and by A[i:3] when the
burst length is set to 8,where Ai is the most significant column address bit for a given
configuration. The remaining (least significant) address bit(s) is (are) used to select the
start-
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ing location within theblock. The programmed burst length appliestoboth READ and
WRITE bursts.

Mode Register 0 (MRO) Definitions

BA2 BAT BADA[15:13]A12Z ATT AT0 A9 A3 A7 A6 A5 A4 A3 A2 Al AD  Address bus

RERRERRRRRRRNREY

A8/11 /16/15-3 /12/11/10/9 / 8/ 1 /6 /5 /8 /3 /2 /1/0 /| Mode register 0 (MRO)
o' ofo| o [eo| wr |ouo'|cassiatency|BT|cL| 8L

BAL | BAO MR Select <*I-J | L— M1 MO Burst Length
0 0 MRO \ \i 0 0 Fixed BL8
0 1 MR1 M12| Precharge PD M8 |DLL Reset 0 1 | 4or8(on-the-flyvia A12)
1 0 MR2 0 [DLL off (slow exit) 0 No 1 0 Fixed 8C4 (chop)
1 1 MR3 1 | DLL on {fast axit) Yes 1 1 Reserved
' Y \
MT1MI0 M3| Write Recovery ME M5 M4 M2 | CAS Latency M3 READ Burst Type
0 0 0 16 00 0 0 Reserved 0 Sequential (nibble)
0 0 1 5 0 0 1 0 5 1 Interleaved
0 1 0 6 01 00 6
0 1 1 7 01t 1 0 7
1 00 8 10 0 0 8
1 0 1 10 101 0 9
1 10 12 1 0 0 10
1 1 1 14 1 ¥ 3 0 11
0 0 0 1 12
0 0 1 1 12
0 1 0 1 14

Burst Type

Accesses with in a given burst can be programmed to either a sequential or aninter-
leaved order. The burst type isselectedviaMRo[3].The ordering of accesses with in a
burst is determined by the burst length, the burst type, and the starting column
address. DDR3 only supports 4-bit burst chop and 8-bit burst access modes. Full
interleave address ordering is supported for READs, while WRITEs are restricted to
nibble (BC4) or word(BL8) boundaries.
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4 (chop) READ 000 0,1,2,8,2,2,2,Z 0,1,2,8,2,2,2,Z 1,
001 1,2,3,0,2,2,2,Z 1,0,8,2,2,2,2,Z 1,
010 2,3,0,1,2,2,2,Z 2,3,0,1,2,2,2,Z 1,
011 3,0,1,2,2,2,2,Z 3,2,1,0,2,2,2,Z 1,2
100 4,5,6,7,2,2,2,Z 4,5,6,7,2,2,2,Z 1,2
101 56,7,4,2,2,2,Z 5,4,7,6,2,2,2,2 1,2
110 6,7,4,5,2,2,2,2 6,7,4,5,2,2,2,2 1,2
111 7,4,5,6,2,2,Z2,2 7,6,5,4,2,2,Z2,2 1,2
WRITE ovyv 0,1,2,3 X, X, X, X 0,1,2,3 X, X, X, X 1,3,4
1VV 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X 1,3,4
8 (fixed) READ 000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 1
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 1
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 1
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 1
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 1
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2 1
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 1
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 1
WRITE VVV 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 1,3
Notes: 1. Internal READ and WRITE operations start at the same point in time for BC4 as they
do for BL8.
2. Z = Data and strobe output drivers are in tri-state.
3. V = A valid logic level (0 or 1), but the respective input buffer ignores level-on input
ins.
4. ;)(= “Don’t Care.”
DLLRESET

DLL RESET is defined by MRo[8]. Programming MRo[8] to 1 activates the DLL RESET
function. MRoO[8] is self-clearing, meaning it returns to a value of o after the DLL RESET
function has been initiated.

Anytime the DLLRESET function is initiated, CKE must be HIGH and the clock held
stable for 512(*!DLLK) clock cycles before a READ command can be issued.This is to
allow time for the internal clock to be synchronized with the external clock.
Failingto wait for synchronization can result in invalid output timing

specifications, such as 'DQSCK timings.
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Write Recovery

WRITE recovery time is defined by MRo[11:9]. Write recovery values of 5, 6, 7, 8, 10,
or 12 can be used by programming MRo[11:9]. The user is required to program the
correct value of write recovery, which is calculated by dividing 'WR(ns) by'CK(ns) and
rounding up a non integer value to the next integer:

WR (cycles) = roundup (*WR (ns)/!CK (ns)).

Precharge Power-Down (Precharge PD)

The precharge power-down (precharge PD) bit applies only when precharge power-
down mode is being used. When MRo[12] is set to 0, the DLL is off during precharge
power-down, providing a lower standby current mode; however, *XPDLL must be satis-
fied when exiting. When MRo[12] is set to 1, the DLL continues to run during
precharge power-down mode to enable a faster exit of precharge power-down mode ;
however, 'XP must be satisfied when exiting (see Power-DownMode).

CAS Latency (CL)

CAS latency(CL) is defined by MRo[6:4], as shown. CAS latency is the delay, in
clock cycles, between the internal READ command and the availability of the first
bit of output data. CL can be set to 5 through 14. DDR3SDRAM do not support half-
clock latencies.

Examples of CL=6 and CL=8 are shown below. If an internal READ command is
registered at clock edge n, and the CAS latency is m clocks, the data will be available
nominally coincident with clock edge n +m. See Speed Bin Tables for the CLs
supported at various operating frequencies.
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READ Latency

\

T0 m T2
X\

e _;I(_\ """ - ’r_\f_\_’r—\ _____ ) G ﬁ f_ﬁl """ ﬁ_

O b(nm)@(nﬁ?%MPWN?PWNNWNGPWNMWN@WWPW

15 Té T7
I |

| | analtieg | | ! ! !
I I I
DOS, DOs | | I | %; '''''''''' R T
PR Y I S = o
DQ | n /an+l n+2 A nb+3 nm; :
| | | | | | . ! !
T0 T 7 E 4 T5 T6 ™ T8

DQS, DOs#

DQ

E Transitioning Data Don't Care

Notes: 1. For illustration purposes, only CL = 6 and CL = 8 are shown. Other CL values are possible.
2. Shown with nominal 'DQSCK and nominal 'DSDAQ.

126



N

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

A\

=

Mode Register 1 (MR1)

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

Mode Register 1 (MR1) Definition

BAZ BATBAD AIS A4 A13 A12 AT1AID A9 AB A7 A6 AS A4 A3 A2 A1 AD

bl bt d bt b b ook kA g
[ I |

w5 e/ /e /sl /6 54 /3 /3 o Mode register 1 (MR1)

o'Jo]1]|ofolfo! ol | o' |Rrr| of |WL|Rrrjoos| AL [Rer|ops joiL

-.—I—I ‘—' I | L

T o DL Enzble
wibdlils Mode fegister |— 0 Enable {normal)
o L 1 Disable
0 1 | Mode registerset 1 {MR1) 0 | Enabled
1| S ! ! M5 M1 |output Drve st rength
Ryt (00T2 et ©0N3 | [M7] Weite Levlization oo [ rzoseon iNomD
MOMEMZ|  Non-Wiites Writes 0 | pisable (normal) 0 1 | RQu 350 NOMD
00 0| Ry, dsabled | R, __dsabled |[1 Enable 1.0 Reseaved
0 0 1 | RZQUA (600 [NOM]) | RZQ/4 {602 [NOM] JES Reserved
0 1 0 |RZQw2 (1200 [NOM)) | RZQ72 (1200 [NOM])
0 1 1 |RzQss (200 [NOM]) | RZQ/S (200 [NOM]) | M4 M3| Additive Latency (AL)
1 0 o0 |Rzo/2 (200 [NOM]) iz 0 0| Disabled(AL=0)
1 0 1 | RZQ/e (300 INOM]) nia 0 1 AL=CL-1
110 Reserved Reserved 1 0 AL=CL-2
1 13 Reserved Reserved 1 1 Reserved

Notes: 1. MR1[18, 15:13, 11, 10, 8] are reserved for future use and must be programmed to 0.
2. During write leveling, if MR1[7] and MR1[12] are 1, then all RtT1nom values are available
for use.
3. During write leveling, if MR1[7] is a 1, but MR1[12] is a 0, then only Rt nom write values
are available for use.

DLL Enable/DLL Disable

The DLL must be enabled for normal operation. DLL enable is required during power
up initialization, and upon returning to normal operation after having the DLL
disabled. During normal operation (DLL-on) with MR1 (Ao = 0), the DLL is
automatically disabled when entering Self-Refresh operation and is automatically re-
enabled upon exit of Self-Refresh operation. Any time the DLL is enabled and
subsequently reset, tDLLK clock cycles must occur before a Read or synchronous ODT
command can be issued to allow time for the internal clock to be synchronized with the
external clock. Failing to wait for synchronization to occur may result in a violation of
the tDQSCK, tAON or tAOF parameters. During tDLLK, CKE must continuously be
registered high. DDR3 SDRAM does not require DLL for any Write operation, except
when RTT_WR is enabled and the DLL is required for proper ODT operation. For more
detailed information on DLL Disable operation refer to “DLL-off Mode”.

The direct ODT feature is not supported during DLL-off mode. The on-die termination
resistors must be disabled by continuously registering the ODT pin low and/or by
programming the RTT_Nom bits MR1{A9,A6,A2} to {0,0,0} via a mode register set
command during DLL-off mode.

The dynamic ODT feature is not supported at DLL-off mode. User must use MRS
command to set Rtt_ WR, MR2 {A10, A9} = {0,0}, to disable Dynamic ODT externally.

Output Drive Strength
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The DDR3 SDRAM uses a programmable impedance output buffer. The drive strength
mode register setting is defined by MR1[5, 1]. RZQ/7 (34Q [NOM]) is the primary output
driver impedance setting for DDR3SDRAM devices.To calibrate the output drive rim-
pedance, an external precision resistor(RZQ) is connected between the ZQ ball and
Vss@. The value of the resistor must be 240Q +1%.

I\l

The output impedance is set during initialization. Additional impedance calibration up-
dates do not affect device operation, and all datasheet timing sand current specifica- tions
are met during an update.

To meet the 34Q specification, the output drive strength must be set to 34Q during initi-
alization. To obtain a calibrated output driver impedance after power-up,the DDR3
SDRAM needs a calibration command that is part of the initialization and reset
procedure.

OUTPUT ENABLE/DISABLE

The OUTPUT ENABLE function is defined byMR1[12],as shown. When enabled
(MR1[12] = 0), all outputs (DQ, DQS, DQS#) function when in the normal mode
of operation.When disabled (MR1[12] =1),all DDR3SDRAM outputs (DQ and
DQS, DQS#) are tristated. The output disable feature is intended to be used
during Ipp characterization of the READ current and duringDQSS margining
(writeleveling) only.
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On-Die Termination

ODT resistance Rrrnom is defined byMR1[9,6,2]. The Rrr termination value
applies to the DQ, DM, DQS, DQS# balls. DDR3 supports multiple Rrrtermination
values based on RZQ/n where n canbe2, 4,6, 8,or 12 and RZQ is 240Q.

Unlike DDR2, DDR3 ODT must be turned off prior to reading data out and must remain
off during a READ burst. RrTnom termination is allowed anytime after the DRAM is ini-
tialized, calibrated, and not performing read access, or when it is not in selfrefresh
mode.

Additionally, write accesses with dynamic ODT (Rrr(wr)) enabled temporarily re-
places RTT,nom with RTT(wRr).

The actual effective termination, Rrr(grF), maybe different from the Rrrtargeted due
to non linearity of the termination. For Rrr(grF) values and calculations (see On-Die
Termi- nation(ODT).

The ODT feature is designed to improve signal integrity of the memory channel
by enabling the DDR3 SDRAM controller to independently turn on / off ODT for
any or all devices. The ODT input control pin is used to determine when Rrris
turned on(ODTLon) and off (ODTL off), assuming ODT has been enabled via
MR1 [9,6,2].

Timings for ODT are detailed in On-Die Termination (ODT).

WRITE LEVELING

The WRITE LEVELING function is enabled by MR1[7],as shown. Write leveling
is used (during in itialization) to de skew the DQS strobe to clock off set as are
sultofflyby topology designs. For better signal integrity, DDR3SDRAM memory
modules adopted fly-bytopology for the commands, addresses, control signals, and
clocks.

The fly-by topology benefits from a reduced number of stubs and their lengths. Howev-
er, fly-by topology induces flight time skews between the clock and DQS strobe (and DQ)
at each DRAM on the DIMM. Controllers will have a difficult time maintaining
'DQSS,'!DSS,and'DSH specifications without supporting write leveling in systems
which use fly-by topology-based modules. Write leveling timing and detailed operation
information is provided in Write Leveling.

POSTED CAS ADDITIVE Latency

POSTEDCAS ADDITIVE latency(AL)is supported to make the command and data
bus efficient for sustainable bandwidths in DDR3 SDRAM. MR1[4,3] define the
value of AL, as shown. MR1[4, 3] enable the user to program the DDR3 SDRAM with
AL =0,CL-1, or CL -2.

With this feature, the DDR3SDRAM enables a READ or WRITE command to be issued
after the ACTIVATE command for that bank prior to 'RCD(MIN). The only restriction
is ACTIVATE to READ or WRITE + AL>'RCD(MIN) must be satisfied. Assuming '‘RCD
(MIN)= CL, a typical application using this feature sets AL= CL- 1!CK='RCD(MIN) - 1
tCK. The READ or WRITE command is held for the time of the AL before it is released
internally to the DDR3SDRAM device. READ latency (RL) is controlled by the sum of
the AL and CAS latency(CL), RL=AL+CL. WRITE latency (WL) is the sum of CAS
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WRITE latency and AL, WL= AL + CWL (see Mode Register2(MR2). Examples of READ
and WRITE latencies are shown.

READ Latency (AL =5, CL = 6)

T12 T13

oK 24 NOP NOP

T14
NOP ><

Command ‘ {RCD (MIN)

DQS, DQS#

DO DO DO DO
n n+1 n+2 n+3

ba RL=AL+CL=11

Indicates break — . ,
TransitioningData Don’t Care
Z% in time scale B 9 g

Mode Register 2 (MR2)

The mode register2 (MR2) controls additional functions and features not available in
the other mode registers. These additional functions are CAS WRITE latency (CWL), AU-
TOSELFREFRESH(ASR),SELF REFRESH TEMPERATURE (SRT), and DYNAMIC ODT
(RTT(WR)). These functionsare controlledviathe bits shown. The MR2 is programmed
vi athe MRS command and will retain the stored information until it is

programmed again or until the device loses power. Reprogramming the MR2
register will not alter the contents of the memory array, provided it is performed
correctly. The MR2 register must be loaded when all banks are idle and no data
bursts are in progress, and the controller must wait the specified time 'MRD and
'™MOD before initiating a subsequent operation.
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Mode Register 2 (MR2) Definition
BAZ DATBADAII A2 ATTAID AD AB AT A6 AS A4 A A2 AT AD  Addressbus

EERRRRRERERERRNY

A6 514 3 A1 NMA0/8 /BT /6 /547371 A1 /nlj Mode register 2 (MR2)
Lo'| T | DI Lo [ o' U1|R1'|rwm|u1|5r|§‘r|ﬁ.5n| ot o ol o

1 |
M15 M1 Mode Register M7 | Self Refresh Temperatura M5 M4 M3|  CAS Write Latency (CWL)
0| MNormal {0°Cto 85°C) 000 5 CK (tCK = 2.5ns)
1 | Extended (0°C to 957C) 0 0 1| 6CK{@25ns> WK =1.875ns)
1 0 Mode register set 2 (MR2) 0 1 0| 7CK{1.875ns> 'K = 15ns)
D11 ECI(H.Snsa'{K:_ﬂ.zSns}
1 0 0 9CK({1.250 > YK = 1.07ns)
l 1 0 1[10CK{1.07s >1CK=0.938ns)
Dyniamic OOT - - =
00 RTI‘(‘-\'R:' disablad 0 | Disabled: Manual. 1 11 Reserved
01 RZOA 1 |Enabled: Automatic
1 0 RZOR2
1 1 Reserved

Note: 1. MR2[18, 15:11, 8, and 2:0] are reserved for future use and must all be programmed to 0.

CAS WRITE Latency(CWL)

CWL is defined by MR2[5:3] and is the delay, in clock cycles, from the releasing of
the internal write to the latching of the first data in.CWL must be correctly set to the
corresponding operating clock frequency. The overall WRITE latency(WL) is equal
to CWL+AL.

CAS WRITE Latency

|
Command / NOP W@( NOP
fl l | ! !
| ‘ ey P S -
DOS, DOSE ! I T] L\I _______ A (RN > Y <SR ) —
‘ | AL=5 il | i om-s ! !
| | Il | / |
s — i D @D WD D
| WL=AL+CQWNL=11
r

% Indicates break E] Transitioning Data Don't Care

f"? in time scale

AUTO SELF REFRESH (ASR)

Mode register MR2[6] is used to disable/enable the ASR function. When ASR is disabled,
the self refresh mode’s refresh rate is assumed to be at the normal 85°C limit (some-
times referred to as 1x refresh rate). In the disabled mode, ASR requires the user to en-
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sure the DRAM never exceeds a Tc of 85°C while in self refresh unless the user enables
the SRT feature listed below when the Tcis between 85°C and 95°C.

Enabling ASR assumes the DRAM self refresh rate is changed automatically from 1x to
2x when the case temperature exceeds 85°C. This enables the user to operate the DRAM
beyond the standard 85°C limit up to the optional extended temperature range of 95°C
while in self refresh mode.

The standard self refresh current test specifies test conditions to normal case tempera-
ture (85°C) only, meaning if ASR is enabled, the standard self refresh current specifica-
tions do not apply (see Extended Temperature Usage.

SELF REFRESH TEMPERATURE (SRT)

Mode register MR2[7] is used to disable/enable the SRT function. When SRT is disabled,
the selfrefresh mode’s refresh rate is assumed to be at the normal 85°C limit (some-
times referred to as 1x refresh rate).In the disabled mode, SRT requires the user toen-
sure the DRAM neverexceeds a Tc of 85°C while in self refresh mode unless the user

enables ASR.

When SRT is enabled, the DRAM self refresh is changed internally from 1x to 2x, regard-
less of the case temperature. This enables the user to operate the DRAM beyond the
standard 85°C limit up to the optional extended temperature range of 95°C whilein self
refresh mode. The standard self refresh current test specifies test conditions to normal
case temperature (85°C) only, meaning if SRTisenabled, the standard self refresh current
specifications do not apply.

SRTvs.ASR

If the normal case temperature limit of 85°C is not exceeded, then neither SRT nor ASR
is required, and both can be disabled through out operation. However,if the extended
temperature option of 95°C is needed, the user is required to provide a2x refresh rate
during (manual) refresh and to enable either the SRT or the ASR to ensure self refresh
is performed at the 2x rate.

SRT forces the DRAM to switch the internal self refresh rate from 1x to 2x. Self refresh is
performed at the 2x refreshrate regardless of the casetemperature.

ASR automatically switches the DRAM’s internal self refresh rate from 1x to 2x. Howev-
er,while in self refresh mode, ASR enables the refresh rate to automatically adjust be-
tween 1x to 2x over the supported temperature range. One other disadvantage with ASR
is the DRAM cannot always switch from aix to a 2x refresh rate  at an exact case
temperature of 85°C. Although the DRAM will support data integrity when it switches
from a 1x to a 2x refresh rate, it may switch at alower temperature than 85°C.

Since only one mode is necessary, SRT and ASR cannot be enabled at the same time.

DYNAMICODT

The dynamic ODT(Rrr(wr)) feature is defined by MR2[10,9]. Dynamic ODT is enabled
when a value is selected. This new DDR3 SDRAM feature enables the ODT termination
value to change without issuing an MRS command, essentially changing the ODT ter-
mination on-the-fly.

With dynamicODT(Rrr(wr)) enabled, the DRAM switches from normal ODT
(RTT,nom) to dynamic ODT (Rrr(wr)) when beginning a WRITE burst and
subsequently switches
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back to ODT(RTT,nom) at the completion of the WRITE burst. If Rrr,nom is disabled,
the RrT,nomvalue will be High-Z. Special timing parameters must be adhered to when
dynamic ODT (Rrr(wr)) is enabled: ODTLenw, ODTLcnw4, ODTLenw8, ODTH4,

ODTHS, and *ADC.

Dynamic ODT is only applicable during WRITE cycles. If ODT (RTT,nom) is disabled,
dynamic ODT(Rtr(wr)) is still permitted. Rrrnom and Rrrwr) can be used
independent of one other. Dynamic ODT is not available during write leveling mode,
regardless of the state ofODT(RTT,nom). For detail on dynamic ODT operation, refer
to Dynamic ODT.

Mode Register 3 (MR3)

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

Mode Register 3 (MR3) Definition

B

AZ BAT BAD ATS AT4 AT3 A1Z A1 ATD A9 AE AT AR AS A4 A3 A2 A1 AD Adidress bus

EEERRRERRRERANRERn

A8 AT A6 A5 A4N3 A2 N A0/9 8T 6543271 ,/70 Mode register 3 (MR3]
[0l 1] 1] o' o] o100 a0 |0?]a! ][0l [o! |D1|G1|MP4|MPLRF|ﬂ
 —
M17 M16 Mode Register M2 MPR Enable M1 MO | MPR READ Function
0 | Mormal DRAM operations? 0 0 | Predefined pattern®
1 Dataflow from MPR [ Reservad
1 0 Reservad
11 Mode register set 3 (MR3) 11 Reservad

Notes: 1. MR3[18 and 15:3] are reserved for future use and must all be programmed to 0.

2. When MPR control is set for normal DRAM operation, MR3[1, 0] willbeignored.
3. Intended to be used for READ synchronization.

MULTIPURPOSE REGISTER (MPR)

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing
calibration bit sequence. To enable the MPR, a MODE Register Set (MRS) command must
be issued to MR3 Register with bit A2 = 1. Prior to issuing the MRS command, all banks
must be in the idle state (all banks precharged and tRP met). Once the MPR is enabled, any
subsequent RD or RDA commands will be redirected to the Multi Purpose Register.

When the MPR is enabled, only RD or RDA commands are allowed until a subsequent

MRS command is issued with the MPR disabled (MR3 bit A2 = 0). Power-Down mode,
Self-Refresh, and any other non-RD/RDA command is not allowed during MPR enable
mode. The RESET function is supported during MPR enable mode.
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Multipurpose Register (MPR) Block Diagram

Memory core

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

| MR3[2] = 0 (MPR off) |

J
\

)<

Multipurpose register
predefined data for READs

P | MR3[2] = 1 (MPR on) |

| DQ, DM, DQS, DQS#

Notes: 1. A predefined data pattern can be read out of the MPR with an external READ com-

mand.

2. MR3[2] defines whether the data flow comes from the memory core or the MPR. When
the data flow is defined, the MPR contents can be read out continuously with a regular

READ or RDAP command.

MPR Functional Description of MR3 Bits

I I e N D

0 “Don’t Care” Normal operation, no MPR transaction
All subsequent READs come from the DRAM memory array
All subsequent WRITEs go to the DRAM memory array
1 A[1:0] Enable MPR mode, subsequent READ/RDAP commands defined by bits 1 and
2

MPR Functional Description

The MPR JEDEC definition enables either a prime DQ (DQo on a x4 and ax8;on a
x16, DQo = lower byte and DQ8 = upper byte) to out put the MPR data with the
remaining DQs driven LOW,or for all DQ st out put the MPR data . The MPR read
out supports fixed READ burst and READ burst chop (MRS and OTF via A12/BC#)
with regular READ latencies and AC timings applicable, provided the DLL is locked

as required.
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MPR addressing for a valid MPR read is as follows:

« A[1:0] mustbe settoooasthe burst order is fixed pernibble
« A2 selects the burst order:

— BLS8, A2 is set to 0, and the burst order is fixed to 0, 1, 2, 3, 4, 5, 6, 7
« For burst chop 4 cases , the burst or deriss witched on the nibble base along
with the following:
— A2 =0; burstorder=0,1, 2, 3
— A2 =1; burst order = 4, 5,6, 7

« Burst order bi to (the firstbit) isassigned to LSB,and burst order bity(thelastbit)
is assigned to MSB

o Al9:3] area“Don’tCare”

« Aioisa“Don’t Care”

« A1iisa“Don’t Care”

« A12: Selects burst chop mode on-the-fly, if enabled within MRo
« A13isa“Don’t Care”

o BA[2:0] are a “Don’t Care”

MPR Register Address Definitions and Bursting Order

The MPR currently supports a single data format. This data format is a predefined read
pattern for system calibration. The pre defined pattern is always a repeating o—1 bit pat-
tern.

Examples of the different types of predefined READ pattern bursts are shown in the fol-
lowing .

MPR Readouts and Burst Order Bit Mapping

1 00 READ predefined pattern BL8 000 Burstorder: 0, 1,2, 3,4,5,6,7
for system calibration Predefined pattern: 0, 1,0, 1,0, 1, 0, 1
BC4 000 Burst order: 0, 1, 2, 3
Predefined pattern: 0, 1, 0, 1
BC4 100 Burst order: 4,5, 6, 7
Predefined pattern: 0, 1, 0, 1
1 01 RFU N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
1 10 RFU N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
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MPR Readouts and Burst Order Bit Mapping (Continued)

1 11 RFU N/A N/A N/A
N/A N/A N/A
N/A N/A N/A

Note: 1. Burst order bit 0 is assigned to LSB, and burst order bit 7 is assigned to MSB of the
selec- ted MPR agent.
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MPR System Read Calibration with BL8: Fixed Burst Order Single Readout

TO Ta0 TbO Tb1 Tco Tel Tc2 Tc3 Tc4 Tc5 Tc6 Tc7 Tc8 Tc9 Tc10

DQsS,DQs#

DQ

] | |
SRS SIS YESSYESSS

|
R S I SSE

/I

W\ |
SASSSSS S

R | U
%\\T&%:?(\& \f\t\\ﬂ [ S o

R N N N A
SIS 0 AESONRRASISANSRN

) | | | |
o' ) AN ‘\\?'IB%'*\\\\\,K‘\FQ\W“%Q' \W\\&f?‘&%( 0 ﬁi‘\\lﬁl‘\?f RS
\ \ \ \
o ) A PRSSRASS SN S AN SRR S S SN SR

Notes: 1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 onA[2:0].

-t —

@ Don't Care

Indicates break
in time scale
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MPR System Read Calibration with BL8: Fixed Burst Order, Back-to-Back Readout

TO Ta Tb TcO Ted Tc2 Tc3 Tc4 Tcs Tc6 Tc7

CKB

CK
Command PREA MRS READ' READ' NOP NOP NOP NOP NOP NOP NOP

.................................

...........................................................

Tc8 Tc9 Tc10 Td

NOP NOP MRS Valid

....................

X

Bank address Valid| Valid

| o l I

| : i . | ; { :
S ods T
A10] T A, )d%x o2 JERERRNERNNA 35& \ C\n\“‘:.?:\ R R N AN f:t'\zmex(jnd bi?%l\:« 3

H i W i i
0z R e )\.-o.xu\\'-‘:“\ K s'x;« SR AR SURER RN -::\¢-;- X N-“-‘--s:%x;:( 0
| l ] L ' '

s

[

IV Valid A Valid X\k;«::\‘-.? Y AT ‘-\."\.,_\_»._1_\\‘?}.‘\ — = ;-‘Qf;:.;:';\t.;{«\ = Hm::_‘q_ ,.:."]-\ ‘\‘

I

{ { 1 ] ' ;
(Valid Y [5{ Valid )7 T\ ;_}vﬂ\l .."-k:\"‘\f_ e 3& Th \Q‘t‘j -cm.;h o l.\::":: ‘b-:"&;:ﬁ:éq»,};_ lm-:&_-\*-‘(

.

l( |
(and){__gD(Vand e W‘r@é‘ R T ";?i.,‘\;¢:~\. = ]w.:‘ﬁ;.:&,]l -»p_»,_ ‘]\Q\

1.‘9:‘:“%."}-;\'.\1«5“(

Al15:13) TR / (Valld)@lﬂ_ Vaid') -*~¢;ﬁ\;- TR \_35{\ _~::-]--~:\:~-],z\\_: S -.l‘:x; --»T

;/,
_{f
a’:;
4

JLD.\=|1:|J|]

| (VT"d@Vahd)“-{\\““*‘\;:‘m =5 R e e ) At ﬂ“\xx‘xf::“ﬁ‘fx}-‘;

D S

Notes: 1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 onA[2:0].

| ndicates break
F\—LZ;—H timeJscale
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NS-XXX8XXOYIEUST



6E}

MPR System Read Calibration with BC4: Lower Nibble, Then Upper Nibble

TO Ta Tb Tco Tet Tc2
Command ZY PREA YT P) , N B G s
Bankaddress b —— \,\‘2
A[1:0] R
A2A[9:3] X P o
A10/AP e T o
A1 S
A12/BC# = Y
A[15:13] A ~]
DQS, DAS#
) ‘
-
L

Notes: 1. READ with BC4 either by MRS or OTF.
2. Memory controller must drive 0 on A[1:0].
3. A2 =0 selects lower 4 nibble bits 0 . . . 3.
4. A2 =1 selects upper 4 nibble bits 4 ... 7.

|

Indicatesbreak
in time scale

Il
{1
Don’tCare
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NS-XXXBXXOYIEUST
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MPR System Read Calibration with BC4: Upper Nibble, Then Lower Nibble

T0 Ta Tb TcO Tl T2 T3 Tc4 TS T Ta7 Tc8 19 Tc10 Td
Kg --- -- - - - --— - - - - - -
& 4
Command /Z{PREAN/xYX MRS READ
RF ‘MoD

Bank address ///

Indicates break g
2 in time scale Don't Care

Notes: 1. READ with BC4 either by MRS or OTF.
2. Memory controller must drive 0 on A[1:0].
3. A2 =1 selects upper4 nibble bits 4 ... 7.
4. A2 =0 selects lower 4 nibble bits 0 . . . 3.

INVYHAsS 1€4aa 91xgx:qovy

NS-XXX8XXOYIEUST



4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

W Wl

MPR Read Predefined Pattern

The pre determined read calibration pattern is a fixed pattern of 0, 1, 0, 1, 0, 1, 0, 1. The
following is an example of using the read out pre determined read calibration pattern.
The example is to perform multiple reads from the multipurpose register to do system
level read timing calibration based on the predetermined and standardized pattern.

AN\

The following protocol outlines the steps used to perform the read calibration:

1. Precharge all banks

2. After'RPissatisfied, set MRS, MR3[2] =1and MR3[1:0] =00. This redirects all
sub- sequentreadsandloadsthe pre defined pattern into the MPR. As soon as
'MRD and 'MOD are satisfied, the MPR is available

3. Data WRITE operations are not allowed until the MPR returns to the
normal DRAM state

4. Issuearead with burst order information (all other address pins are “Don’t  Care”):

« A[1:0] = 00 (data burst order is fixed starting at nibble)
« A2=0(forBL8,burstorderisfixedaso,1,2,3,4,5,6,7)
« A12 = 1 (useBLS8)

5. After RL = AL + CL, the DRAM bursts out the predefined read calibration pattern
(o0,1,0,1,0,1,0,1)

6. The memory controller repeats the calibration reads until read data capture
at memory controller is optimized

7. After the last MPR READ burst and after '™MPRR has been satisfied, issue MRS,
MR3[2] = 0, and MR3[1:0] =“Don’t Care” to thenormal DRAMstate. All subse-
quent read and write accesses will be regular reads and writes from/to the DRAM
array

8. When tMRD and 'MOD are satisfied from the last MRS, the regular DRAM com-
mands (such as activate a memory bank for regular read or write access) are per-
mitted

MODE REGISTER SET (MRS) Command

The moderegisters are loaded via inputs BA[2:0], A[13:0]. BA[2:0] determine
which mode register is programmed:

e BA2 = 0, BA1=0,BAo =0for MRo
e BA2 = 0, BA1 = 0, BAo = 1 for MR1
e BA2 =0, BA1=1,BAo =0 for MR2
e BA2 = 0, BA1 =1, BAo = 1 for MR3
The MRS command can only be issued (orre-issued) when all banks are idle and in the

precharged state (‘RP is satisfied and no data bursts are in progress). The controller
must wait the specified time '™MRD before initiating a subsequen to peration such as an
ACTIVATE command . There is also a restriction after issuing an MRS command with
regard to when the updated functions become available. This parameter is
specified by tMOD. Both 'MRD and 'MOD parameters are shown. Violating either of
these requirements will result in unspecified operation.

141



AWy

A\

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

ZQ CALIBRATION Operation

The ZQ CALIBRATION command is used to calibrate the DRAM output drivers
(RON) andODTvalues(RTT) overprocess, voltage, and temperature, provided a dedicated
2400 (+1%) external resistor is connected from the DRAM’s ZQ ball to VSSQ.

DDR3 SDRAM require a longer time to calibrate RON and ODT at power-up initialization
and self refresh exit, and a relatively shorter time to perform periodic calibrations.

DDR3 SDRAM defines two ZQ CALIBRATION commands: ZQCL and ZQCS. An example
of ZQ calibration timing is shown below.

All banks must be precharged and tRP must be met before ZQCL or ZQCS
commands can be issued to the DRAM. No other activities (other than issuing
another ZQCL or ZQCS command) can be performed on the DRAM channel by the

controller for the duration of ZQinitor tZQoper. The quiet time on the DRAM
channel helps accurately calibrate RON and ODT. After DRAM calibration is
achieved, the DRAM should disable the ZQball’s current consumption path to
reduce power.

7ZQ CALIBRATION commands can be issued in parallel to DLL RESET and locking time.
Upon self refresh exit, an explicit ZQCL is required if ZQ calibration is desired.

In dual-rank systems that share the ZQ resistor between devices, the controller must not
enable overlap of t7Qinit, tZQoper, or 'ZQCS between ranks.

ZQ CALIBRATION Timing (ZQCL and ZQCS)

Ké
«

Command

m Ta0 Tal Ta2 Ta3 Tb0 Tb1 Tc0 Tcl Tc2

/ Valld “//I 'alld /
_

///. Ty

Ly L

High-Z P
s, =
'zQcs

Notes:

Indicates break 7 "
2 In time scale pan kL

1. CKE must be continuously registered HIGH during the calibration procedure.
2. ODT must be disabled via the ODT signal or the MRS during the calibration procedure.
3. All devices connected to the DQ bus should be High-Z during calibration.
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ACTIVATE Operation

Before any READ or WRITE commands canbe issued to a bank within the DRAM, a
row in that bank must be opened (activated). This is accomplished via the ACTIVATE
command, which selects both the bank and the row to be activated.

Example: Meeting 'RRD (MIN) and '‘RCD (MIN)

- u i ‘Rw W

// ',, ,'1’,’ /:"‘.',‘,, ,//w C0| >@
|

Wissd } K//' Wilirstes LN I ","4’ K B]WQ

tRCD

Indicates break 77
- Don’'t Care
intime scale 17/,
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Example: ‘FAW

KB TO T T4 T5 T8 T9 T10 T11 T19 T20

Command j>< ACT >D<

Address :>< Rc|>w ><
|

BA20] :><Banka><

-

Indicates break Don't Care
in time scale
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READ

Operatlon READ bursts are initiated with a READ command. The starting column and bankad-
dresses are provided with the READ command and auto precharge is either enabled or
disabled for that burst access. If auto precharge is enabled,the row being accessedis
automatically precharged at the completion of the burst. If auto precharge is disabled,
the row will be left open after the completion of the burst.

A\

During READ bursts,the valid data-out element from the starting column address is
available READ latency (RL) clocks later. RL is defined as the sum of posted CAS additive
latency(AL) andCAS latency(CL) (RL=AL+ CL). The value of AL and CL is programma-
ble in the mode register via the MRS command. Each subsequent data-out element is
valid nominally at the next positive or negative clock edge (that is, at the next crossing of
CK and CKB). Shows an example of Rl based on a CL setting of 8 and an AL setting of 0.

READ Latency

CKB
-
Command 3}< READ

Address

T10 T11 T12 T12

YO G . .
DD DN
XD

KX
XXX XiXI!‘

o ) s

DQS, DQS#

DQ

.Indllcatesbreak I:l Transitioning Data I_I_.U Don’t Care
in timescale

Notes: 1. DO n = data-out from column n.
2. Subsequent elements of data-out appear in the programmed order following DO n.
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Consecutive READ Bursts (BL8)

T0 ™ T2 T3 T4 5 T6 T7 T8 T9 T10 T T12 T13 T14

NOP X NoP YGF X Reap Yo X Nop XEATX Nop YOI
\

oK
T i T e
Command' ‘ . ‘
. ccD .
| \ | i
Y EOEESSH e ) 9 NS O AN, S T AT S AN
Add
ress: {RPRE N 'RPST |
DQS, DOSH ‘ ‘ ‘ . N S S A/ ___/ __ f N & ) X ] ‘
- ‘ —_— ‘ EDENES )‘( 00,300, )X P93 PO 3L PO,k B Y ,po, ) po ¥ po 3 po, 3 po 3{ po 3¢ o )
D ‘ ‘ ‘4 ‘ RL=5 ‘ ‘ N
| | | | |

D Transitioning Data @ Don’t Care

Notes: 1 . NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ command at TO
and T4.

3. DO n(or b) = data-out from column n (or column b).
4.BL8, RL=5 (CL=5,AL=0).

Consecutive READ Bursts (BC4)

« TO T T2 T3 T4 5 T6 T7 T8 T9 T10 T11 T12 T13 T14

B

* X rean XF nop oe XK

nop XFX rero MESEX

Command! ‘ . ‘
B ccD .
Bank, ‘ . ‘ o ‘ - Bank, N 7 y 3 - - o B o
X B LTI, L7 oo T NS R SR Y N AR RNy 3 ya LN, IF
2
Address ‘ ‘ RPRE | RPST_ 'RPRE IRPST
DQS, DA ‘ ‘ ‘ | " 1 ‘ ‘ ‘
@D A EN 20 3 po3{ Do 3 o,
a3 \ RL-5 | \ ‘ 2 ‘ ‘ * *
RL=5
| | - R ‘ .

D Transitioning Data [] Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BC4 setting is activated by either MRO[1:0] = 10 or MRO[1:0] = 01 and A12 = 0 during READ command at TO
and T4.

3. DO n(or b) = data-out from column n (or column b).
4. BC4,RL=5(CL=5,AL=0).

INVHAS 1€4Aq 91X8x QoY
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Nonconsecutive READ Bursts

m m n: T4 s Te ™

J(\__{“_A\f\f\f\{\{\{\f‘l{\\f‘i{%{\k{i{ﬁ{»{‘{{\

command O} ean /N woe (/X wor (/K moe Y7/N woe NOP /, NOF // NOF ,I NoP
el ’/ ’/ | lcl’ I KU l ’/ { /I’/ X/ //// ’/ JHIKL,
——3 % ¢ 7 el el okl Nodleobel o el st
Sy T . e = i
00— , , : , , , — , @«-“./.Y\..

Transttioning Data Dot Cara

1.AL=0,RL= 8.

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

3. Seven subsequent elements of data-out appear in the programmed order following DO n.
4. Seven subsequent elements of data-out appear in the programmed order following DO b.

Notes:

READ (BL8) to WRITE (BL38)

CKB om0
: hﬁhﬁh‘!‘ | ﬁ ...-.'.-
Command!' (X vor XX vop XX nop X__TIX nop > WRITEX X NOP NoP X Nop nop X} nop XX no nop XX nop
READ-to-WRITE commanddelay = RL +'CCD +2'CK-WL 'BL=4clocks LWR
- » ~wr
|| || | -
Address” X X I I XEEX
RPRE
e
DQS, DaS# ‘ ‘ ‘ ‘
DQ3

E] Transitioning Data D Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the READ command at
TO, and the WRITE command atT6.

3. DO n = data-out from column, DI b= data-in for column b.
4.BL8,RL=5(AL=0,CL=5), WL =5 (AL=0, CWL =5).
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READ (BC4) to WRITE (BC4)OTF

CKB
CK

Command' 5

READ-to-WRITE command delay = RL + {CCD/2 + 2!CK - WL

|

D A A A R R ) AR
'RPRE
DQS, DOSH#
| | | |
pas \ \ I
L RL=5 o

E] Transitioning Data Don'’t Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BC4 OTF setting is activated by MRO[1:0] and A12 = 0 during READ command at TO and WRITE command at
T4.
3. DO n = data-out from column n; DI n = data-in from column b.
4. BC4,RL=5(AL-0,CL=5),WL=5(AL=0,CWL = 5).

READ to PRECHARGE (BL8)

CK
B
CK

Command

Address

DQS, DAS#

DQ

D Transitioning Data D Don't Care

INVHAS 1€4ad 91x8X :qovp
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READ to PRECHARGE (BC4)

CKB
CK
Command

Address

DQs, Das#

DQ

D TransitioningData D Don'tCare

__________________________________ b
WWWWWWWWWWWWW@

'RAS (MIN)

Indicates break P §
T D. D
? in time scale H] ransitioning Data E on't Care

INVHAS 1€4aa 9ixgx:qoy

NS-XXX8XXOYIEUST



c 4Gb DDR3(L) SDRAM

"\ JSR364Gxx8xxx-SU
4Gb: x8 x16 DDR3L SDRAM

TR

DQS to DQ output timing isshownin.The DQ transitions between valid data
outputs must be within 'DQSQ of the crossing point of DQS, DQS#. DQS must
also maintaina minimum HIGH and LOW time of 'QSH and 'QSL. Prior to the
READ preamble, the DQ balls will either be floating or terminated, depending on
the status of the ODT signal.

Shows the strobe-to-clock timing during a READ. The crossing point DQS, DQS#
must transition within + 'DQSCK of the clock crossing point. The data out has
notiming relationship to CK, only to DQS, as shown.

Also show sthe READ preamble and postamble.Typically,both DQS and DQS# are
High-Zto save power (Vppq).Priorto data output from the DRAM, DQS is driven

LOW and DQS# is HIGH for 'RPRE. This is known as the READ preamble.

The READpostamble, 'RPST, is one half clock from the last DQS, DQS# transition.
Dur ing the READ postamble, DQS is driven LOWand DQS# is HIGH. When
complete,the DQ is disabled or continues terminating, depending on the state of
the ODT signal. demonstrates how to measure'RPST.
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Data Output Timing - 'DQSQand Data Valid Window

ORI | o0 T .. % S
e T\ _____ O - L
command! X READ W//7/X NOP WK or YT wor W777K NOP ) s )@( NOP )m( NOP )@(
| m=asc | | | | |

| | | |
aaaress K &I XIIIIITTTT LTI LT T 2T LT ////////////////////////// /. ///////////7//////////// VI

t

'DQSQ (MAX)—={ (= | DQSQ oy | | smest x

momm k- | < i
DQs, DQS# AR o q__I ; . 4 B
| | | | PRE Q4| H| |
3 :
DQ (tast data valid) | | | | | ) n+ 1 An+2 An+3 nDPA n+SAn+6 An+7 |
DQ? (first data no longer valid) |
All DQ collectively l I | | I > ) ") % x S
| | | | | |
- -
Data valid Data valid

Don’t Care

va

D
Notes: 1.NOP commands are shownntfor ease of illustration; other commands may be valid at these times.

The BL8 setting is activatead by either MRO[1, 0] = 0, 0 or MRO[O, 1] =0, 1 and A12 = 1 during READ command at
TO.

DO n = data-out from cquan n.
BL8,RL =5 (AL=0, CL = 5).

Output timings are referenced to Vppa/2 and DLL on and locked.
DQSQ defines the skew bétween DQS, DQS# to data and does not define DQS, DQS# to CK.

Early data transitions maymot always happen at the same DQ. Data transitions of a DQ can be early or late within
a burst.

n

N oo A~ ®
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4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

YHZ and 'LZ transitions occur in the same access time as valid data transitions.
These parameter sare referenced to a specific voltage level that specifies when the
device output is no longer driving tHZDQS and 'HZDQ, or begins driving 'LZDQS,
'LZDQ. shows a method of calculating the point when the device is no longer
driving tHZDQS and 'tHZDQ, or begins driving 'LZDQS, 'LZDQ, by measuring the
signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent. The parameters 'LZDQS, 'LZDQ,
tHZDQS, and tHZDQ are defined as single-ended.

N

Data Strobe Timing - READs

RL measured

to this point
TO T T2 T3 T4 T5 T6
CK . \ ; \ ; .
1 o A4 X A 1 1 1
DQSCK (MIN) DQSCK (MIN) DQSCK (MIN) DQSCK (MIN) tHZDQS (MIN)
] ]
'.ZDQs (MIN) 'sH_,  'ast ‘QsH | ‘osL
]
DQS, DOS# g ; ; ; | ; \
early strobe ] " ., L ; » ;
'RPRE 'RPST J
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit7
'LZDQS (MAX) 'DQSCK (MAX) 'DQSCK (MAX) 'DQSCK (MAX) 'DQSCK (MAX) tHZDQS (MAX)
(— -~ | |
RPST
DQS, DAS# . / \
late strobe ’ ¢ ’
RPRE ‘ 'asH ‘ ‘QsL ‘ ‘QsH ‘ ‘asL ‘
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit6 Bit 7
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4 E """" VOH -xmV
tHZDQS, HZDQ \—

VoL +xmV

HZDQS, tHZDQ end point=2 xT1 -T2

""" VoH -2xmV VTT+xmV

/_TZ ,,,,, VoL+2xmV —X
V11 -xmV T |

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

ViT+2XxmV. f

1L.ZDQS, '1L.ZDQ

V1T -2xmV

1LZDQS,'LZDQbeginpoint=2x T1- T2

Notes: 1. Within a burst, the rising strobe edge is not necessarily fixed at 'DQSCK (MIN) or IDQSCK

(MAX). Instead, the rising
(MAX).

strobe edge can vary between 'DQSCK (MIN) and 'DQSCK

2. The DQS HIGH pulse width is defined by '{QSH, and the DQS LOW pulse width is defined
by 'QSL. Likewise, 'LZDQS (MIN) and 'tHZDQS (MIN) are not tied to tDQSCK (MIN) (early

strobe case), and'LZDQS

(MAX) and tHZDQS (MAX) are not tied to 'DQSCK (MAX) (late

strobe case); however, they tend to track one another.
3. The minimum pulse width of the READ preamble is defined by 'RPRE (MIN). The mini-
mum pulse width of the READ postamble is defined by 'RPST (MIN).

'RPRE Timing
CK
Vit / i
CKB ¥
tA
DQS \%\ Vor
Single-ended signal provided
as background information
t
5
DQS# Vir
4
Single-ended signal provided !
as background information
T
‘RPKE begins
{RPRE
DQS - DQS# - _ov T
. ' . T2

Resulting differential 'RPRE ends

signal relevant for
'RPRE specification

154



Wiy

4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

A\

'RPST Timing

CK'y

CKB

DQS

Single-ended signal, provided B _
as background information
it
it
tC /&S\ .
DQS#

Single-ended signal, provided
as backgroundinformation y

{
DQS-DQS# y | APST oV

Resulting differential, ol N
signal relevant for RPSTbegins

'RPST specification 2

IRPST ends
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4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

T

WRITE Operation

WRITE bursts are initiated with a WRITE command. The starting column and bank
addresses are provided with the WRITE command, and auto precharge is either enabled
or disabled for tha taccess. If auto precharge is selected, the row being accessed is pre-
charged at the end of the WRITE burst. If auto precharge is no tselected, the row will
remain open for sub sequent accesses. After a WRITE command has been issued,
the WRITE burst may not be interrupted. Forthe generic WRITE commands used
through, auto precharge is disabled.

N

During WRITE bursts, the first valid data-in element is registered on a rising edge of
DQS following the WRITE latency(WL)  clocks later and subsequent data elements
will be registered on successive edges of DQS. WRITE latency (WL) is defined as the
sum of posted CAS additive latency(AL) and CAS WRITE latency (CWL) : WL = AL+
CWL. The values of AL and CWL are programmed in the MRo and MR2 registers,
respectively. Prior to the first valid DQS edge, a full cycle is needed (including a dummy
cross over of DQS, DQS#) and specified as the WRITE preamble shown. The half cycle
on DQS following the last data-in element is known as the WRITE postamble.

The time between the WRITE command and the first valid edge of DQS is WLclocks
+'DQSS. through show the nominal case where 'DQSS = ons; however, includes
!DQSS (MIN) and 'DQSS (MAX) cases.

Data may be masked fromcompleting a WRITE using datamask. The data mask occurs
on the DM ball aligned to the WRITE data. If DM is LOW, the WRITE completes
normally. If DM is HIGH, that bit of data is masked.

Upon completion of a burst, assuming no other commands have been initiated, the
DQ will remain High-Z, and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with a subsequent WRITE command to
provide a continuous flow of input data. The new WRITE command can be 'CCD clocks
following the previous WRITE command. The first data element from the new burstis
applied after the last element of acompleted burst.) show concatenated bursts. An
example of non consecutive WRITEs is shown.

Data for any WRITE burst may be followed by a subsequent READ command after ‘WTR
has been met .

Data for any WRITE burst may be followed by a subsequent PRECHARGE command,
providing 'WRhasbeen met,as  show.

Both'WTR and 'WR starting time may vary, depending on the mode register settings
(fixed BC4, BLS8 versus OTF).
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4Gb DDR3(L) SDRAM

JSR364Gxx8xxx-SU

A\

'WPRE Timing

V'r'r / §

T
'WPRE begins

DQS - DQS# ov

T2

Resulting differential
'\WPRE ends

signal relevant for
'\WPRE specification

'WPST Timing
CK

CKB

WPST

DQS - DQS#

T1

Resulting differential
'WPST begins

signal relevant for

'WPST specification
§ T2

'WPST ends
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WRITE Burst

A\

T Tl T2 LE] T4 TS Th T7 T8 ] TiD
g -y o - pomme- 7 T Bl e Tt pmmmes

& —— et

| | 'I
[——— L Y R NOP WFFFEA war RTIN woe MARTIN wor TR woe WERTIT
|

| WL = AL + ONL i | i

I | ' |
Address! Wf/f/ff’f} T .":’f:’f’ff’ffff’f}'ffff:’f;’fffff .".-’.".-’.".-:’.".-’.".-’." .".-’.".-’.".-’.}I.-’.".-’.".-’." .-’f.".-’.".:-’.".-’.".-’." .-’.".-’.".-".;’.".-’.".-’." T

nwppp DOSSfosk | osH ! DsH ! sy bwidsT

1 |
'DQsH | 'DosL | 'Dosk | "DosL | 'DOsH
1 T T ¥ T
1
1

D55 [MIN)

oas.oase T T /f’/ff’!f/}( _T‘ Yy
t0gs

AL L
H | 'DOSL | tDgsH
T T

o]

S,

fil

_ﬁ____
a
+=
i

2
2
i -
El=
bt
R

n':.';'a);{n'?;'a)g nD.-IS iy nc-ltlﬁ} nql?}%
nOsE NOM) 'wlilks o5k : 0sH : 05K : o5k :prs‘[l
oas.oase /77777 i, I, /177 S ] T,

i

‘DgsH | 'DosL | 'ogsH | 'Dost | fogsk | 'DasL

'Dss ‘055 tnss ipss inas
: - COCRCRCR G
e | | |
T T EWTFRE A .
DQs, DOsE Lqu:-sh-l_jﬂ ‘D:FSH-TKDST{%Q:WT_MT{G%H*EQ;{%H'W
1 |'os 1 [ : s : s : _IES__

oo}

E Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at

thesetimes.

2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during
the WRITE command atTO.

3. DI n = data-in for column n. 4.

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

5. 'DQSS must be met at each rising clock edge.

6. 'WPST isusually depicted as ending atthe crossing of DQS, DQS#; however,'WPSTac-
tually ends when DQS no longer drives LOW and DQS# no longer drives HIGH.
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Consecutive WRITE (BL8) to WRITE (BL8)

ke TO ) T1 T2 i T3 ) T4 T5 T6 T7 ; TB . T9 T10 T T12 T13 T14
CK b i - ’ o -
Command' ) WRITE N(‘JP NC‘)P WX N(‘JP WRITE NoP ‘ ‘ NOP NoP )G
‘ccb 'BL=4clocks 'WR
- -

‘ ‘ 'WTR

Adoress? = Valid Komo oA g s SR N valid ey A Y R Ry 4 Ay o AR ]
'WPRE WPsT |
DOS, Das# o\ /—\ Y\ WX | S VD X I\ &

ple

r‘u' PEDENEDENENERNCEDED N EDEHENEDENED)

WL=5

E Transitioning Data Don'tCare

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the WRITE commands at
TO and T4.

3. DI n(or b) = data-in for column n (or column b).
4.BL8, WL =5 (AL =0, CWL =5).

Consecutive WRITE (BC4) to WRITE (BC4) via OTF

wor XZ1ZK or XOZLIZK e YUK e / m."_?.:.(igm( Noe W.:W,)m“(mﬁ"” .
1 1 i l i i ;
I L L L A
1 1 - i Lw.
B DD D)

E Transitioning Data Dom't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2.BC4, WL =5 (AL =0, CWL = 5).
3. DI n(or b) = data-in for column n (or column b).
4. The BC4 setting is activated by MR0O[1:0] = 01 and A12 = 0 during the WRITE command at TO andT4.
5. If set via MRS (fixed) 'WR and 'WTR would start T11 (2 cycles earlier).

INVHAS 1€HAq 91X8X :qDY
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Nonconsecutive WRITE to WRITE

T n ” B T4 T 13 7 ® ™ e m 2 n3 4 s s mw
cxs - - - - g\ - -y ro g — e, ey

e RN DN ~ov'>wx_~9r§><yz>Co%"' e YKo Ko o XX o Y e o XKoo

', T ¢

WL=COWLs AL =7 I
| 1 1 T T 1

| L _
o A A DA KA D U A DADADA D

Tvm!lurlr-g Data Dun!(;(a
1. DI n (or b) = data-in for column n (or column b).
2. Seven subsequent elements of data-in are applied in the programmed order following DO n.
3. Each WRITE command may be to any bank.
4. Shown for WL =7 (CWL =7, AL = 0).

Notes:

WRITE (BL8) to READ (BL8)

TO ™ T2 T3 T4 5

Command’ X WRITE XX Nop EZ(nor )EoX o il nop Yo nop

T7 T8 T9 T10

A nop X nop XX nop NOP

{
WeRE | WesT
DQS, DQS# ‘%:‘_:_\S{fx:\i- R i,.;c-v. oo \ ( e \\[ s J?L \{

Indicates break B
in time scale Transitioning Data

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. 'WTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last
write data shown at T9.
3. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] =01 and MRO[12] = 1 during the WRITE command
at T0. The READ command at TaO can be either BC4 or BL8, depending on MRO[1:0] and the A12 status at Ta0.
4. DI n=data-in for column n.
5. RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).

SN Don't Care
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WRITE to READ (BC4 Mode Register Setting)

CKB
CK

Command'

Address®

DQS, DQsS#

Dot

SIS GBS ) S ol S S U S5 WSS I S ) S S G
|l WPRE | <WPST_ /
TSN NSO NSNS G G G G G G S SN S TS

Sy q“‘) , 1 NESTE 1

Notes: 1.
2.

3.

Indicates break L )
ZZ; in time scale D Transitioning Data D Don't Care

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

'WTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last
write data shown at T7.

The fixed BC4 setting is activated by MRO[1:0] = 10 during the WRITE command at TO and the READ command at
Ta0.

DI n = data-in for column n.
BC4 (fixed), WL=5 (AL=0, CWL =5), RL=5 (AL=0, CL =5).

WVHAds 1€4daa 9Lxgx -4ov
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WRITE (BC4 OTF) to READ (BC4 OTF)

o e A T PR R - P L P ™ e | ] SOy § |
S e o e T X T T X T\ : G,
Commans X K 8 XX 5 NP XK WO o YK s WK v

! | ! tal - adocks

| | o]
sases N R Y L T e T YK vt X7

Das. Dase /////l//////////////{//////////////l/////////////l///////////m e X D EE i W//////////I/MM A (j//////////{ /m
I 1

o
oot [ [ 1 1 1 -0 AP LA N 2L N 3L I [

WL-5 U l RL-5

s

i break . .
 Erries ose [ oucoe
o

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. '"WTR controls the WRITE-to-READ delay to the same device and starts after 'BL.
3. The BC4 OTF setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO and the READ
command atTn.
4. DI n=data-in for column n.
5.BC4,RL=5(AL=0,CL=5), WL=5 (AL =0, CWL =5).

qoY

NS-XXX8XXOYIEUST
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SN\ JSR364Gxx8xxx-SU

=

WRITE (BL8) to PRECHARGE

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12 Ta0 Tal

Command

Address

DQS, DQs#

DQBL8

Indicates break f y
Transitioning Data Don't Care
é in time scale 9 D

Notes: 1. DI n = data-in from column n.
2. Seven subsequent elements of data-in are applied in the programmed order following
DO n.
3. Shown for WL =7 (AL=0, CWL = 7).

WRITE (BC4 Mode Register Setting) to PRECHARGE

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12 Ta0 Tal

CKB
CK

Command /MwRITE nop )9

Address [T vaiid (777 e

.
‘ WL = AL +CWL

|
DQS, DQSH# \‘\ ‘/ \_‘:“ }\k 7 ‘ \\.X‘

DQBC4

Indicates break o .
zz% in time scale E Transitioning Data D Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
thesetimes.

2. The write recovery time (*WR) is referenced from the first rising clock edge after the last
write data is shown at T7. 'WR specifies the last burst WRITE cycle until the PRECHARGE
command can be issued to the samebank.

3. The fixed BC4 setting is activated by MRO[1:0] = 10 during the WRITE command atTO.

4. DI n = data-in for column n.

5. BC4 (fixed), WL= 5, RL = 5.
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JSR364Gxx8xxx-SU

N

\

WRITE (BC4 OTF) to PRECHARGE

11 12 LE} T4 TS 16 7 18

w T\ R G G G G S T A T\ I G S G

Command?  CWrITE W77 now K777 wor Wi wor WM o 777K wov YgX_ wor XN woe WK woe WX woe )@lb( e W

D /A =0 /A A N /////{X/////////////////////Y////////////////Y//////////»ﬂ( vasa 7.

weae : 1wesT
v X~ XN ) i
oot COEXEDTD |
I WL-5 J'

?J’?- Indhcates break  [2] Transitioning Dats /7] Don't Care
4

Notes: 1. NOP commands are shown for ease of illustration; other commands may bevalid at
thesetimes.

2. The write recovery time (\WR) is referenced from the rising clock edge at T9. 'WR speci-
fies the last burst WRITE cycle until the PRECHARGE command can be issued to the same
bank.

3. The BC4 setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITEcommand
at TO.

4. DI n= data-in for column n.

5. BC4 (OTF),WL=5,RL=5.

DQ Input Timing

Shows the strobe-to-clock timing during a WRITE burst. DQS, DQS# must
transition within 0.25'CK of the clock transitions, as limited by 'DQSS. All data
and data mask setup and hold timings are measured relative to the DQS, DQS#
crossing, not the clock crossing.

The WRITE preamble and postamble are also shown. One clock prior to data input to
the DRAM,DQS must be HIGH and DQS# must be LOW.Then for a half clock, DQS is
driven LOW(DQS# isdriven HIGH) during the WRITE preamble, 'WPRE. Likewise,
DQS must be kept LOW by the controller after the last data is written to the DRAM

during the WRITE postamble, 'WPST.

Data setup and hold times are also shown. All setup and hold times are measured
from the crossing points of DQS and DQS#. These setup and hold values pertain to
data input and data mask input.

Additionally, the half period of the data input strobe is specified by 'DQSH and 'DQSL.
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Data Input Timing

\\§V

[ '-","{1'
DQS,DQS# /4]

'WPRE
T T T il ORS
o LYITITTHIACS X

CI7 277 /’,.: 777 ;(/,/( o,
Y NG,
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Wl

PRECHARGE Operation

Input A10 determines whether one bank or all banks are to be precharged and, in the
case where only one bank is to be precharged, inputs BA[2:0] select the bank.

=

When all banks are to be precharged, inputs BA[2:0] are treated as “Don’t Care.” After a
bank is precharged, it is in the idle state and must be activated prior to any READ or
WRITE commands being issued.

SELF REFRESH Operation

The SELF REFRESH operation is initiated like a REFRESH command except CKE is LOW.
The DLL is automatically disabled upon entering SELF REFRESH and is automatically
enabled and reset uponexiting SELF REFRESH.

All power supply inputs (including Vrerca and VRerpQ) must be maintained at valid lev-
elsuponentry/exit and during self refresh mode operation. VrRerpg may float or not drive
Vpbpq/2 while in self refresh mode under certain conditions:

+ Vss < VREFDQ < VDD is maintained.

« VREeFDQ is valid and stable prior to CKE going back HIGH.

+ The first WRITE operation may not occur earlier than 512 clocks after VrRerpq is valid.
* All other self refresh mode exit timing requirements are met.

The DRAMmust be idle with all banks in the precharge state(*RP is satisfied and no
bursts are in progress) before a self refresh entry command can be issued. ODT
must also be turned off before selfrefresh entry by registering the ODT ball LOW
prior to the self refreshentrycommand (see On-Die Termination (ODT) (for timing
requirements). If RTT,nom and Rrr(wr) are disabled in the mode registers, ODT can
be a“Don’t Care.” After these If refresh entry command is registered, CKE must be
held LOW to keep the DRAM in self refresh mode.

After the DRAM has entered self refresh mode, all external control signals, except CKE
and RESET#, are “Don’t Care.” The DRAM initiates a minimum of one REFRESH com-

mand internally within the 'CKE period when it enters self refresh mode.

The requirements for entering and exiting self refresh mode depend on the state of
the clock during self refresh mode. First and foremost,the clock must be stable
(meeting 'CK specifications) when self refresh mode is entered. If the clock remains
stable and the frequency is not altered while in self refreshmode,then the DRAM is
allowed to exit self refresh mode after 'CKESR is satisfied (CKE is allowed to
transition HIGH 'CKESR later than when CKE was registered LOW). Since the clock
remains stable in self refresh mode(no frequencyc hange), 'CKSRE and 'CKSRX are
not required. However, if the clock is altered during self refresh mode (if it is
turned-off or its frequency changes), then '*CKSRE and'CKSRX must be satisfied.
When entering self refresh mode, 'CKSRE must be satisfied prior to altering the

clock's frequency. Prior to exiting self refresh mode, '\CKSRX must be satisfied prior
to registering CKE HIGH.

When CKE is HIGHduring self refresh exit, NOP or DES must be issued for 'XS time.
XS is required for the completion of any internal refresh already in progress and
must be satisfied before a valid command not requiring a locked DLL can be issued
to the device. XS is also the earliest time self refresh reentry may occur. Before a
command requiring a locked DLL can be applied, a ZQCL command must be

issued, 'ZQOPER timing must be met, and 'XSDLL must be satisfied. ODT must be
off during 'XSDLL.
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Ta0

7

Tc0

I

ICKSRX!

- |= -
) 4s-
-

/ZZ/%
—

’ |
g |
I 0 1o

| 7 7
| i && &&

X XZXLXZX é//;//\/é\//;/w//;x ‘

T T P T

-

RPS8

Enter self refreshmode
(synchronous)

Notes: 1

>

© N o>

Exit self refresh mode
(asynchronous)

B Don’t Care

Indicates break
in time scale

. The clock must be valid and stable, meeting 'CK specifications at least \CKSRE after en-

tering self refresh mode, and at least 'CKSRX prior to exiting self refresh mode, if the
clock is stopped or altered between states Ta0 and TbO0. If the clock remains valid and
unchanged from entry and during self refresh mode, then {CKSRE and {CKSRX do not
apply; however, 'CKESR must be satisfied prior to exiting at SRX.

ODT must be disabled and Rt off prior to entering self refresh at state T1. If both
R1T,nom and Rtrwnr) are disabled in the mode registers, ODT can be a “Don’'t Care.”

Self refresh entry (SRE) is synchronous via a REFRESH command with CKE LOW.

A NOP or DES command is required at T2 after the SRE command is issued prior tothe
inputs becoming “Don’t Care.”

NOP or DES commands are required prior to exiting self refresh mode until stateTeO.

XS is required before any commands not requiring a locked DLL.

XSDLL is required before any commands requiring a locked DLL.

The device must be in the all banks idle state prior to entering self refresh mode. For
example, all banks must be precharged, 'RP must be met, and no data bursts can be in
progress.

Self refresh exit is asynchronous; however, XS and IXSDLL timings start at the first rising
clock edge where CKE HIGH satisfies ISXR at Tc1. ICKSRX timing is also measured so that
ISXR is satisfied atTc1.
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Extended Temperature Usage

JSC’s DDR3 SDRAM support the optional extended case temperature (Tc) range of
-40°C to 95°C. Thus, the SRT and ASR options must be used at a minimum.

The extended temperaturerange DRAM must be refreshed externally at 2x (double re-
fresh) anytime the case temperature is above 85°C (and does not exceed 95°C). The ex-
ternal refresh requirement is accomplished by reducing the refresh period from 64ms to
32ms. However,self refresh mode requires either ASR or SRT to support the extended
temperature.Thus,either ASR or SRT must be enabled whenTc is above 85°C or self
refresh can not be used until T¢ is at or below 85°C. summarizes the two extended
temperature options and summarizes how the two extended temperature options

relate to one another.

Self Refresh Temperature and Auto Self Refresh Description

Field | MR2Bits | Description

Self Refresh Temperature (SRT)
If ASR is disabled (MR2[6] = 0), SRT must be programmed to indicate Toper during self refresh:
*MR2[7] = 0: Normal operating temperature range (-10°C to 85°C)

SRT 7 *MR2[7] = 1: Extended operating temperature range (-10°C to 95°C)
If ASR is enabled (MR2[7] = 1), SRT must be set to 0, even if the extended temperature range is
supported

*MR2[7] = 0: SRT is disabled
Auto Self Refresh (ASR)
When ASRis enabled, the DRAM automatically provides SELF REFRESH power management func-
tions, (refresh rate for all supported operating temperature values)
* MR2[6] = 1: ASR is enabled (M7 must = 0)

When ASRis not enabled, the SRT bit must be programmed to indicate Toperduring SELF REFRESH
operation

* MR2[6] = 0: ASR is disabled; must use manual self refresh temperature (SRT)

ASR 6

Self Refresh Mode Summary

MR2[6] | MR2[7] ELF REFRESH . Permitted Operating Temperature
(ASR) | (SRT) S SH Operation Range for Self Refresh Mode

Self refresh mode is supported in the normal temperature
0 0 lrange Normal (-10°C to 85°C)

Selfrefresh mode is supported in normal and extended temper-
0 1 ature ranges; When SRT is enabled, it increases self refresh | Normal and extended (-10°C to 95°C)
power consumption

Self refresh mode is supported in normal and extended temper-
1 0 ature ranges; Self refresh power consumption may be tempera- | Normal and extended (-10°C to 95°C)
ture-dependent

1 1 lllegal
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Power-Down Mode
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Power-down is synchronously entered when CKE is registered LOW coincident with a
NOP or DES command. CKE is not allowed to go LOW while an MRS, MPR, ZQCAL,
READ,or WRITE operation is in progress. CKE is allowed to go LOW while any of the
otherlegal operations (such as ROW ACTIVATION, PRECHARGE, auto precharge, or
REFRESH) are in progress. However, the power-down Ipp specifications are not
applicable until such operations have completed. Depending on the previous DRAM
state and the command is sued prior to CKE going LOW, certain timing constraints
must be satisfied. Timing diagrams detailing the different power-down mode entry and

exits are shown.

Command to Power-Down Entry Parameters

Last Command Prior to

DRAM Status CKE LOW" Parameter (Min) Parameter Value
Idle or active ACTIVATE 'ACTPDEN 1ICK
Idle or active PRECHARGE 'PRPDEN 1ICK
Active READ or READAP 'RDPDEN RL + 4'CK + 1iCK
Active WRITE: BLBOTF, BLEMRS, WL + 4CK + 'WR/CK
BC40TF 'WRPDEN
Active WRITE: BC4MRS WL + 2!CK + 'WR/'CK
Active WRITEAP: BL8OTF, BLSMRS, WL + 41CK + WR + 11CK
BC40TF "WRAPDEN
Active WRITEAP: BC4AMRS WL + 2!CK + WR + 1ICK
Idle REFRESH 'REFPDEN 1ICK
Power-down REFRESH XPDLL Greater of 10!CK or 24ns
Idle MODE REGISTER SET MRSPDEN 'MOD

Note: 1. If slow-exit mode precharge power-down is enabled and entered, ODT becomes asyn-
chronous 'ANPD prior to CKE going LOW and remains asynchronous until tANPD +

XPDLL after CKE goes HIGH.

Entering power-down disables the input and output buffers, excluding CK, CKB, ODT,
CKE, and RESET#. NOP or DES commands are required until 'CPDED has been satis-
fied, at which time all specified input/output buffers are disabled. The DLL should be in

alockedstate

when power-down is entered for the fastest power-down exit timing. If

the DLL is not locked during power-down entry, the DLL must be reset after exiting
power-down mode for proper READ operation as well as synchronous ODT operation.

During power-down entry, if any bank remains open after allin progress commands
are complete, the DRAM will be inactive power-down mode. If all banks are closed
after all in-progress commands are complete, the DRAM will be in precharge power-
down mode. Precharge power-downmode must be programmed to exit with either as
low exit mode or a fast exit mode.When entering precharge power-down mode, the
DLL is turned off in slow exit mode or kept on in fast exit mode.

The DLL also remains on when entering active power-down. ODT has special timing
constraints when slow exit mode precharge power-down is enabled and entered. Refer
to Asynchronous ODT Mode for detailed ODT usage requirements in slow
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Power-Down Modes
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Exit mode precharge power-down. A summary of the two power-down modes is listed.

While in either power-down state,CKE is held LOW, RESET# is held HIGH, and as
table clock signal must be maintained. ODT must be in a valid state but all other
input signals are “Don’t Care.” If RESET # goes LOW during power-down, the
DRAM will switch out of power-down mode and go into the reset state. After CKE is
registered LOW, CKE must remain LOW until 'PD (MIN) has been satisfied. The
maximum time allowed for power- down duration is'PD(MAX) (9 x'REFI).

The power-down states are synchronously exited when CKE is registered HIGH (with a
required NOP or DES command). CKE must be maintained HIGH until !CKE has been
satisfied. A valid, executable command may be applied after power-down exit latency, XXP,
and '*XPDLL have been satisfied. A summary of the power-down modes is listed be- low.

For specific CKE-intensive operations, such as repeating a power-down-exit-to-refresh-
to-power-down-entry sequence,the number of clocke yclesb etween power-dow nexit
and power-down entry may not be sufficient to keep the

DLLproperlyupdated.Inaddi- tion to meeting'PD whenthe REFRESH command is used
between power-down exit and power-down entry, two other conditions must be met.
First,"XP must be satisfied before issuing the REFRESHcommand. Second, 'XXPDLL must
be satisfied before the next power-down may be entered. An example is shown.

Active (any bank open) [“Don’t Care” On Fast tXP to any other valid command
1 On Fast tXP to any other valid command
Precharged tXXPDLL to commands that require the DLL to be
(all banks precharged) 0 Off Slow locked (READ, RDAP, or ODT on);
XP to any other valid command
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Active Power-Down Entry and Exit

TO T T2 Ta0 Tatl Ta2 Ta3 Tad

L ¥ A £ XA 8
o | | SX wop NOP NOP Valid ><:
W,/ s | | ICKE (MIN) | o
Address | |
D X T T T o

Enter power-down Exit power-down

mode mode
Indicates break
Z% intime scale Don't Care
Precharge Power-Down (Fast-Exit Mode) Entry and Exit
TO T T2 T3 T4 T5 Ta0 Tal
CKB
CH o
Command j T T T T T
| X woe XX wor XA X nop nop X /[[X nop vaid (7
t t
CPDED CKE (MIN)
CKE
i f. _.r_ a’l " 3
t t
Enter power-down Exit power-down
mode mode
Indicates break ,
ZZ% in time scale l:, Don't Care
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N

Precharge Power-Down (Slow-Exit Mode) Entry and Exit

TO T T2 T3 T4 Ta Tal Tb
CKB
CK

Command
{CPDED
CKE s
. I
PD
[ L
Enter power-down Exit power-down
mode mode Indicates break
ndicates breal
é intime scale Don't Care

Notes: 1. Any valid command not requiring a locked DLL.
2. Any valid command requiring a locked DLL.

Power-Down Entry After READ or READ with Auto Precharge (RDAP)

Tatt

CKB
CK

READ/

Command

%U%wuw%%w%»J»,\

Mﬁﬂ% ‘ T s s i
L RL=AL+CL ‘ N B ‘ PD ‘ ‘

DQS, DQSH# % [\ /—\ /—\ Y
DQBLS ‘ ‘ \{ IR' n[?n! n[-)n-| nl?n-| &nDJ. Mn?lsxn[)l !g-gnl ‘ ‘ ‘ ‘ ‘
DQBC4 // o Y( ol Y{ ol }{ oI ‘ ‘ ‘

| | ! | | | | | | | |

‘RDPDEN

Power-down or
self refresh entry

Indicates break L )
? in time scale B TransitioningData B Don’tCare
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Power-Down Entry After WRITE

=

CKB
CK

CKE J
adaress [Xvais KA1/

[ -
WL = AL + CWL
1

L
DQS, DAsH I il 1
il | HEEE
DQBC4 | L — I (. I I I
B 'WRPDEN R

Power-down or
self refresh entry!

Indicates break L )
T D Don't
Z% in time scale B ransitioning Data D on’tCare

Note: 1. CKE can go LOW 2!CK earlier if BC4MRS.

Power-Down Entry After WRITE with Auto Precharge (WRAP)

T0 ™ Ta0 Tal Ta2 Ta3 Ta4 Tab Tab Ta7 Tb0 Tb1 Th2 Th3 Th4

CK
B
CK

Command

WRAP

I R s

a0/ I

DQS, DQSH !

DQBL8

DQBC4

| nn n+/Bny 3 ‘ | |
'WRAPDEN >‘
-

Startinternal Power-down or
precharge self refresh entry?

Indicates break
z% intime scale B Transitioning Data D Don't Care

Notes: 1. 'WR is programmed through MRO[11:9] and represents 'WRmin (ns)/!CK rounded up
to the next integer 'CK.
2. CKE can go LOW 2!CK earlier if BC4MRS.
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REFRESH to Power-Down Entry

TO T1 T2 T3 ThO
cK
(- | g
Command f X REFRESH NOP >@< NOP > valid X7,
{CPDED
- L
’<‘|s
-
CKE J \ |
REFPDEN XP (MIN)
(- (- >
'RFC(MIN)!
|- >

Indicates break
in time scale

22

Note: 1. After CKE goes HIGH during 'RFC, CKE must remain HIGH until 'RFC is satisfied.

D Don’t Care

ACTIVATE to Power-Down Entry

T0 T1 T2 T3 T4 T5 T6 17
CKB
A A A -

'cH ol ‘e |
Command 777X acTive NOP Nop XL

b I 7 48, RES LT LS TN
aodress  SLIIIITIRR vais REGAT IS

<

M )

_ _ |-
{7,

'ACTPDEN
(-

'PD

Don’t Care
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PRECHARGE to Power-Down Entry

TO T T2 T3 T4 T5 T6 T7

\!

CKB *

CK

Command

Address i

{PREPDEN
[~

MRS Command to Power-Down Entry

TO T T2 Ta0 Tal Ta2 Ta3 Ta4

'CPDED

t t t
CK ol CH + CL

Command %}( MRS NOP > NOP >.< >.< Nor_ X/ f s

T T

- i LT T T T INT 77
4 / r , Fof Fifiss
Address 9< Valid >Q/ i i / LT )

'MRSPDEN ‘ tpp

T \
ke 7/ 9 N/ \%ﬁy ﬁfﬂi}t&

Indicates break 5
o m Don’t Care
in time scale
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Power-Down EXxit to Refresh to Power-Down Entry

TO T

T2 T3 T4 Ta0 Tal Tb0
CKB
fck tcH _| tcL
- |
Command
:>< NOP ><:>< NOP ><:>< NOP ><| L |>< NOP REFRESH
{CPDED
- >
CKE B \F& //
- L

tpp

|-

Enter power-down

Exit power-down
mode

Enter power-down
mode

mode

Indicates break |:| Don't Care
in time scale

Notes: 1. XXP must be satisfied before issuing the command.

2. 'XPDLL must be satisfied (referenced to the registration of power-down exit) before the
next power-down can be entered.
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The RESET signal (RESET#) is an asynchronous reset signal that triggers anytime it
drops LOW, and there are no restrictions about when it can go LOW. After RESET# goes
LOW,it must remain LOW for 100ns. During this time,the outputs are disabled, ODT
(RrT) turns off (High-Z),and the DRAM reset sitself. CKE should be driven LOW prior t
o RESET# being driven HIGH. After RESET# goes HIGH, the DRAM must be
reinitialized as though a normal power-up was executed. All counters, except refresh
counters, on theDRAMare reset, and data stored in the DRAM is assumed unknown after
RESET# has gone LOW.
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RESET Sequence

\

Systemn RESET
{warm boot)

Stable and
wvalid clock T0 SR T=0 Tbo Tco Tdo

T = 100ns (MiIN)

RESET#

|
AT

command Y777/ NOP VX was YA wrs X/ADK  mrs
|

o V) L i

Sl 7/, A A I ) I Y
S N i Y ’/I[t

w0 777 S K e e X e
ol iy | ' I ' I
| | | | |
DO @ ‘{ High-Z
i wel L [ 1 [T | |
i i )i ] P P
! T = 500ps (MIN) ! 1XPR | YNMRD I MRD |
All voltage j M|R2 Mrlu MRT with MRO with zolcm.

DLL RESET
supplies valid DILENAEIE | ZQinit
and stable DRAM ready

for external
commands

Note: 1. The minimum time required is the longer of 10ns or 5 clocks.
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On-Die Termination (ODT)

On-Die Termination

ODT (On-Die Termination) is a feature of the DDR3 SDRAM that allows the DRAM
to turn on/off termination resistance for each DQ, DQS, DQS# and DM for x4 and
x8 configuration (and TDQS, TDQS# for X8 configuration, when enabled via A11=1
in MR1) via the ODT control pin. For x16 configuration, ODT is applied to each
DQU, DQL, DQSU, DQSU#, DQSL, DQSL#, DMU and DML signal via the ODT
control

pin. The ODT feature is designed to improve signal integrity of the memory channel
by allowing the DRAM controller to independently turn on/off termination
resistance for any or all DRAM devices. More details about ODT control modes and
ODT timing modes can be found further down in this documen.

r------""-=-=-"=-"=—-"=-=- = 1
I oDT I
I I
To other | | . Vopo/Z |
circuitry | | T I
suchas | ! — |
ROV, [ Switch [
! I _ DQ, DQS, DQS#,
: | " DM, TDQS, TDQS#
o |

Functional Representation of ODT

Nominal ODT

Thevalue of Rt (ODT termination resistance value) is determined by the settings
of several mode register bits. The ODT ball is ignored while in self refresh mode
(must be turned off prior to self refresh entry) or if mode registers MR1 and MR2
are programmed to disable ODT. ODT is comprised of nominal ODT and dynamic
ODT modes and either of these can function in synchronous or asynchronous
mode (when the DLL is off during precharge power-downorwhen the DLL is
synchronizing).

Nominal ODT is the base termination and isusedinany allowable ODTstate.

Dynamic ODT is applied only during writes and provides OTF switching from no

Rrror R’IT,nom to R’IT(WR)'

The actual effective termination, RTr(EFF), maybe different from Rt targeted
due to non linearity of the termination. For Rrr(grF) values and calculations.

ODT(NOM) is the base termination resistance for each applicable ball; it is enabled
or disabled via MR1[9,6,2] (see Mode Register1(MR1) Definition),and it is turned
on or off via the ODT ball.
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Truth Table - ODT (Nominal)

Note 1 applies to the entire table

4Gb DDR3(L) SDRAM
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MR1][9, 6, 2] ODT Pin DRAM Termination State DRAM State Notes
000 0 RTT,nom disabled, ODT off Any valid 2
000 1 RT1T.nom disabled, ODT on Any valid except self refresh, read 3
000-101 0 R1T.nom enabled, ODT off Any valid 2
000-101 1 R1T.nom enabled, ODT on Any valid except self refresh, read 3
110 and 111 X RTT,nom reserved, ODT on or off lllegal

Notes: 1. Assumes dynamic ODT is disabled (see Dynamic ODT when enabled).

2. ODT is enabled and active during most writes for proper termination, but itis notillegal
for it to be off during writes.

3. ODT must be disabled during reads. The Rt nom value is restricted during writes. Dynam-
ic ODT is applicable if enabled.

Nominal ODT resistance RtT,nom is defined by MR1[9,6,2],as shown in Mode
Register1 (MR1) Definition. The RTTnomtermination value applies to the output pins
previously mentioned. DDR3SDRAM supports multiple Rtr,nom values based on
RZQ/n where n can be 2,4,6,8, or 12 and RZQ is 240Q. RTT,nom termination is
allowed any time after the DRAM is initialized, calibrated, and not performing read
access, or when it is not in self refresh mode.

Write accesses use  RTT,nom if dynamic ODT (Rrr(wr)) is disabled. If RTT nom is used
during writes, only RZQ/2, RZQ/4, and RZQ/6 are allowed. ODT timings are
summarized as well as listed in the Electrical Characteristics and AC Operating

Conditions table.

Examples of nominal ODT timing are shown in conjunction with the synchronous mode of
operation in Synchronous ODTMode.

ODT Parameters

Definition for All
Symbol Description Begins at Defined to DDR3L Speed Bins | Unit
ODTLon ODT synchronous turn-on delay ODT registered HIGH | Ryron) 2'AON CWL + AL -2 ICK
ODTLoff ODT synchronous turn-off delay | ODT registered HIGH | Ryrorr) #AOF CWL +AL-2 ICK
'AONPD ODT asynchronous turn-on delay ODT registered HIGH Rrrion) 2-8.5 ns
'AOFPD ODT asynchronous turn-off delay | ODT registered HIGH Rrr(oFr) 2-8.5 ns
ODTH4 |ODT minimum HIGH time after ODT| ODT registered HIGH | ODT registered 4'CK ICK
assertion or write (BC4) or write registration LOW
with ODT HIGH
ODTH8 ODT minimum HIGH time after Write registration ODT registered 6!CK ICK
write (BL8) with ODT HIGH LOW
'AON ODTturn-onrelativetoODTLon Completion of Rrrion) See Electrical Charac- | ps
completion ODTLon teristics and AC Oper-
ating Conditions table
'AOF ODT turn-offrelative to ODTLoff Completion of Rr10FF) 0.5'CK + 0.2!CK ICK
completion ODTLoff
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In certain application cases, and to further enhance signal integrity on the data bus, it is
desirable that the termination strength of the DDR3SDRAM can be changed without
issuing an MRS command, essentially changing the ODT termination on the fly. With
dynamic ODTRTT(wR)) enabled, the DRAM switches from nominal ODTRTT,nom) to dy-
namic ODT Rrr(wr)) when beginning a WRITE burst and subsequently switches back to
nominal ODTRTT,nom) at the completion of the WRITE burst. This requirement is sup-
ported by the dynamic ODT feature, as described below.

Dynamic ODT Special Use Case

When DDRS3 devices are architect as a single rank memory array, dynamic ODT offers a
special use case : the ODT ball can be wired high (via a current limiting resistor prefer-
red) by having RrT nom disabled via MR1 and Rr(wr) enabled via MR2. This will allow
the ODT signal not to have to be routed yet the DRAM can provide ODT coverage dur-
ing write accesses.

When enabling this special use case, some standard ODT spec conditions may be
violated : ODT is sometimes suppose to be held low. Such ODT spec violation (ODT
not LOW) is allowed under this special use case. Most not ably, if Write Leveling is
used, this would appear to be a problem since Rrr(wr) cannot be used ( should be
disabled) and Rrr(nvowm) should be used.

For Write leveling during this special use case, with the DLL locked, then Rrravom)
may be enabled when entering Write Leveling mode and disabled when exiting
Write Leveling mode. More so,Rtr(xvom) must be enabled when enabling Write
Leveling, via same MR1 load, and disabled when disablingWrite Leveling, via same
MRu1 load if Rrr(nvom) is to beused.

ODT will turn-on within a delay of ODTLon+ 'AON+ 'MOD+ 1CK (enablingvia MR1)
or turn-off within a delay of ODTL off+ tAOF+ tMOD +1CK. Asseenin the table below,
between the Load Mode of MR1 and the previously specified delay, the value of ODT
is uncertain. this means the DQODT termination could turn-on and then turn-off
again during the period of stated uncertainty.

Write Leveling with Dynamic ODT Special Case

Begin RtT,nom Uncertainty End RtT,nom Uncertainty 1/0s R11,nom Final State

MR1 load mode command: ODTLon + 'AON +'MOD + 1CK | DQS, DQS# | Drive RyT.nom value
Enable Write Leveling and Rtrnom) DQs No Rt nom

MR1 load mode command: ODTLoff + 'tAOFF +'MOD + 1CK | DQS, DQS# No Ryt nom
Disable Write Leveling and Rtr(Nnom) DQs No Rt nom

Functional Description

The dynamic ODT mode is enabled if either MR2[9] or MR2[10] is set to 1. Dynamic
ODT is not supported during DLL disable mode so Rrr(wr) must be disabled. The dy-
namic ODT function is described below:

« TwoRrrvalues are available—RTT,nom and RTr(wr).

- The value for Rrr,nom is preselected via MR1[9, 6, 2].
- The value for Rrr(wr) is preselected via MR2[10, 9].
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* During DRAM operation without READ or WRITE commands, the termination is
controlled.

- Nominal termination strength RrT,nom is used.
- Terminationon/off timing is controlled via the ODTball and latencies ODTL on
and ODTL off.

* When aWRITE command (WR, WRAP,WRS4,WRS8, WRAPS4, WRAPSS8) is
registered, and if dynamic ODT is enabled, the ODT termination is controlled.

- A latency of ODTL after the WRITE command: termination strength RTT,nom
switches to RrT(wr)
- Alatency of ODTLcwn 8 (for BL 8, fixed or OTF) or ODTL cwn 4 ( for BC4, fixed or
OTF)
after the WRITE command: termination strength Rrr(wr) switches back to RTT,nom.
- On/off termination timing is controlled via the ODT ball and determined by
ODT- Lon, ODTL off, ODTH4, and ODTHS.

- During the tADC transition window, the value of Rrt is undefined.
ODT is constrained during writes and when dynamic ODT is enabled (see the table be

low, Dynamic ODT Specific Parameters). ODT timings listed in the ODT Parameters ta-
ble in On-Die Termination(ODT) also apply to dynamic ODT mode.

Dynamic ODT Specific Parameters

ODTLcnw Change from R1T,nom to Write registration | Ryt switched from R1T,nom WL -2 ICK
Rrrwr) to Rrrwr)

ODTLcwn4 Change from Rrrwryto | Write registration | Ryt switched from Rrrwr)| 4'CK + ODTL off | 'CK
RTT,nom (BC4) to RTT,nom

ODTLcwn8 Change from Rrrwr)to | Write registration | Ryt switched from Rrrwry| 6'CK + ODTL off | 'CK
RTT,nom (BLB) to RTT,nom

'ADC Rt change skew ODTLcnw completed| Rrrtransition complete 0.5!CK £ 0.2!CK 'CK

Mode Registers for R1T,nom

0 0 0 Off Off n/a

0 0 1 RzQ/4 60 Self refresh

0 1 0 RzQ/2 120

0 1 1 RzQ/6 40

1 0 0 RzQ/12 20 Self refresh, write
1 0 1 RzQ/8 30

1 1 0 Reserved Reserved n/a
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Mode Registers for R11,nom (Continued)

1 1 1 Reserved Reserved n/a

Note: 1. RZQ = 240Q. If RtT.nom is used during WRITEs, only RZQ/2, RZQ/4, RZQ/6 are allowed.

Mode Registers for RTT(wR)

0 0 Dynamic ODT off: WRITE does not affect R1T,nom
0 1 RzQ/4 60

1 0 RzQ/2 120

1 1 Reserved Reserved

Timing Diagrams for Dynamic ODT

Dynamic ODT: ODT Asserted Before and After the WRITE, BC4
Dynamic ODT: Without WRITE Command

Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8
Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4
Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4
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Dynamic ODT: ODT Asserted Before and After the WRITE, BC4

e e
(=4

Address

TO

T T2 T3 T4 5 76 7 T8 Ta ™ T12 T3 T4
Command .a |I|%| 2 7 (WRS3) ’/// ||I||II||I| |I|H|I||' |- I, @7[/}@’/[/ ice )7
/ " i/ I/ LY, ,/ ,
L (LY

4

ey
T

_ODTHA

LD

V='*'-_=* l

I

| ODTHS

T ] AT
SN,

T

LT LT

TI15 71

ODTLoff T

oot Za zdﬁ W |

Rry

6 7

RS e e )

7. /74

/7, A /4

| | | | |
ODTLon OOTLowmd
| [ \
l | _.L‘__xAON AN I _.I =—tAD< i) I fe—taDC (it —
25 G 7= 25 ¢ = = L= =
—| |=—taON iMax) I I.—.:ADC (MAX) [taDC (max)
| COTLavw

LAOF (MIN)
o !
s v
FACE (MAX)

D0s. DOsE 777 {//A///]//

e

/////A/[ﬂ///l//l//z’///ﬂ {/M/////L(Z(///////l[/[///lfk////[//ﬂ G G R, Wi

B M//JV////FIA/I//([///M]///A//// ([(/[é’/ ,]//A///A///M

-~
WL o

I

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RtT,nom and Rrr(wry are enabled.
2. ODTH4 applies to first registering ODT HIGH and then to the registration of the WRITE command. In this example,
ODTH4 is satisfied if ODT goes LOW at T8 (four clocks after the WRITE command).

Dynamic ODT: Without WRITE Command

CH#
CK

Command

Address

oDT

DQs, DOse

Do

TO T1

T2

T2

T4 T5 TE T Ta

E Transitioning

T9 T1O

Don't Care

T11

v -

T___."{_"sr___.‘15"'1!___?1_"1(__}l"_ir___K"_’r___h_"lf.___x"'iT____‘%I

PRalia WS ivania W Seand WS Aivania WS Advatia WSS Advania WSS A vania WA et WS N anid Wi W vanid W s id W,
T T T T T T I I T T T T
LS Y fflff LY, f.lf' LLLLLE L A O
I ODTLc:-.}D—Iqu | opTLom
N S/ WA N | N NAAT ) NS LA | |
| | TAON (MAK)—— | | | | TACFE (MIN}—=] |
: : Rrrnom RN
TAON (MIN) -— AOF (MAX
I
LELLLLE L L L L L L A P A L A
/. i i

[F] Transitioning [/f] Don't Care

Notes: 1. AL = 0, CWL = 5. R1T,nom is enabled and Rrrwr) is either enabled or disabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW; in this example, ODTH4 is satisfied. ODT reg-
istered LOW at T5 is alsolegal.
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Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8

Address [ T, Vaiia M : W /l' T / W /’% 5 ! i .-I/ 7 ! /! i 9 7 7
ODTHE ! ! oDTLof !
e s [ RN R T R S R R
oot P/ S ‘ T ‘ Ko N | N E‘é",& ml m ml LT, 2
. | ‘ ‘ . taDC (naod) | : - | - : ; : i : —-—| AOF iMIIN]
os oase 777 FHTTTETET ,-zf/lf 7 ”Jf’ 7 x,’o’f)l/ 7 //af ______ VRS S St S R SO G S S 7.7/
pa | | ! ! {3 hll_‘-"l1>}( Py 4 bl[i': e 7 bl[i's}ﬁ PEPY biﬂ';ﬁ

[=] wansmioning 7] pont care

Notes: 1. Via MRS or OTF; AL =0, CWL = 5. If RtT,nom can be either enabled or disabled, ODT can be HIGH. Rtr(wr) is enabled.
2. In this example, ODTHS8 = 6 is satisfied exactly.
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Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4

TO
CI(# =

Command

Address 7//////7, ||

oDT

T1

T2 T3

m'// @’/[l@/[ll@'f/ llﬂ?ﬂ’/[/

T4

TS

T6

T7

T8 T9

T10 T

l///m m'// II/ I/GED'/IAGEE’I/
hﬂ ’ ‘

|——‘AOF (MIN)

Rey

DQ

<——|‘AOF (MAX)

I | optios |
), | ] . !
ODTLon
I | | —| [—*aDCMAX) | — I-—'ADC (MIN) —=|
T ZX 9 Rrrowr) R‘rTnorn
‘ | ——[k——lAON (MIN) -——|‘Aoc (MAX)
ooTLewna |
DQs, DOs# ﬂWﬁM[{M[[/{Z[[M%Mk_ WZZ[/M{Z[[MZZZA{/M[[[{[[[Z[A
\’\_T n+1//n+2/\n+3
[ wiL
|

E Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. R1T,nom and Rrr(wr) are enabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW, so in this example,
ODTH4 is satisfied. ODT registered LOW at T5 is also legal.

Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4

T3

T5

T6

T10

B G o vt
Command ANOP )@(wasa)@( NOP )@( NOP Y777 M NOP )@( NOP )@( NOP )@(Nop )@(Nop )@(NOP )@(NOP )@( NOP )@

| oDTLenw |
Address 7777/7777/7Vahd X///////I////////////////// W, ////////{//////// |////////// YL,
i ODTH4 ODTLoff
I/ A 1/ /Y 1/ /7)) mlmlm o o g i
— *ADC (MAX) tAOF (MIN)
R | ODTLon : [::xl‘_ | " ! I ! I-.T |
# ‘ ’ —OILI;—‘AON (MIN) = )I | : tAol; (MAX)
ODTLown4 : i
| | s T ses
DQs, DQS# 77/ /11111171, ///7/////|////////[l//////////|/////// I. o, S (e \:\ k- ):\ Y LI,
00 | | = | | . I . I

2. In this example ODTH4 = 4 is satisfied exactly.

186
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El Transitioning Don‘t Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RtT,nom can be either enabled or disabled. If disabled,
ODT can remain HIGH. Rtrwr) isenabled.
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Synchronous ODT Mode

Synchronous ODT mode is selected when ever the DLL is turned on and locked
and when either RrT,nom or RTT(WR) is enabled. Based on the power-down
definition, these modes are:

* Any bank active with CKE HIGH

* Refresh mode with CKE HIGH

* Idle mode with CKE HIGH

* Active power-down mode (regardless of MRo[12])

* Precharge power-down mode if DLL is enabled by MRo[12] during precharge
power- down

N

ODT Latency and Posted ODT

In synchronous ODT mode, Rt turns on ODTL on clock cycles after ODT is
sampled HIGH by arising clock edge and turns off ODTL off clock cycles after
ODT is registered LOW by arising clock edge. The actual on/off times varies by
YAON and 'AOF around each clock edge. The ODT latency is tied to the WRITE
latency (WL) byODTLon=WL- 2 and ODTLoff=WL- 2.

Since write latency is made up of CAS WRITE latency (CWL) and additive
latency(AL), the AL programmed into the mode register (MR1[4,3]) also applies to
the ODT signal. The device’s internal ODT signal is delayed a number of clock cycles
defined by the AL relative to the external ODT signal. Thus, ODTL on=CWL+AL-2 and
ODTL off=CWL+ AL- 2.

Timing Parameters

Synchronous ODT mode uses the following timing parameters: ODTLon, ODTL off,
ODTH4,0DTHS8,tAON, and tAOF. The minimum Rt turn-ontime(tAON[MIN]) is the
point at which the device leaves High-Z and ODT resistance begins to turn on. Maxi-
mum Rrr turn-ontime (tAON[MAX]) is the point at which ODT resistance is fully on.
Both are measured relative to ODTL on. The minimum Rt turn-off time(tAOF[MIN])
is the point at which the device starts to turn off ODT resistance. The maximum Rt
turn off time(*fAOF[MAX]) is the point at which ODT has reached High-Z. Both are
measured from ODTL off.

When ODT is asserted, it must remain HIGH until ODTH4 is satisfied. If aWRITE
command is registered by the DRAM with ODT HIGH, then ODT must remain HIGH
until ODTH4 (BC4) or ODTHS8 (BLS8) after the WRITE command. ODTH4 and
ODTHS are measured from ODT registered HIGH to ODT registered LOW or from
the registration of a WRITE command until ODT is registered LOW.
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Synchronous ODT Parameters

ODTLon |ODT synchronous turn-on delay ODT registered HIGH Rrron) AON CWL +AL-2 ICK
ODTLoff |ODT synchronous turn-off delay ODT registered HIGH Rrrorr) +'AOF CWL +AL -2 ICK
ODTH4 |ODT minimum HIGH time after ODT |ODT registered HIGH or write regis-| ODT registered LOW 41CK ICK
assertion or WRITE (BC4) tration with ODT HIGH
ODTH8 |ODT minimum HIGH time after WRITE | Write registration with ODT HIGH ODT registered LOW 6'CK ICK
(BL8)
AON ODTturn-onrelativetoODTLon Completion of ODTLon Rrron) See Electrical Charac- ps
completion teristics and AC Oper-
ating Conditions ta-
ble
'AOF ODT turn-offrelative to ODTLoff Completion of ODTLoff RrroFF) 0.5'CK + 0.2!CK {CK
completion
Synchronous ODT

e WL AL AT WA ) N A | AL N NS N S WA A YA AT Y
| AL=3 | ! ‘ ‘ | Al=3 | | oW - 2 |
oot | M N | N7/ : VA | W LT T | | | |
| ODTHA (MIN) | | | | ooTioff=om+aL-2 |
. ‘ ‘ ‘
| | | | | — | Lo Ao G == AQF (MIN)
- o
[ Transitioning Don't Care

Note: 1. AL = 3; CWL = 5; ODTLon = WL = 6.0; ODTLoff = WL - 2 = 6. R1T,nom is enabled.
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Synchronous ODT (BC4)

CK# -~y
K

CKE

Command

opT

ODTLON = WL -2 | ODTLON = WL - 2

R

—*| [=—*tA0F (MiN)

RTT nom

|
| l | _.L:_xAON MIN) 'AOF (MIN —| |=—"ta0N (MAX)
\-:.’-Xl‘_ “r(m ] X4
TAON (MAX) -— &on (MIN)

'AOF (MAX)

Notes: 1. WL = 7. RrT,nom is enabled. Rrr(wr is disabled.

2.
3.
4.

5.

ODT must be held HIGH for at least ODTH4 after assertion (T1).

ODT must be kept HIGH ODTH4 (BC4) or ODTH8 (BL8) after the WRITE command (T7).

Ay

[5] mansitioning Don't Cara

ODTH is measured from ODT first registered HIGH to ODT first registered LOW or from the registration of the

WRITE command with ODT HIGH to ODT registered LOW.

Although ODTH4 is satisfied from ODT registered HIGH at T6, ODT must not go LOW before T11 as ODTH4 must

also be satisfied from the registration of the WRITE command at T7.
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ODT Off During READs

Because the device cannot terminate and drive at the same time, Rt must be
disabled at least one-half clock cycle before the READ preamble by driving the
ODTball LOW (if either RrT,nomor Rrr(wr)is enabled). RTr may not be enabled until
the end of the postamble, as shown in the following example.

Note: ODT may be disabled earlier and enabled later than shown.
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ODT During READs

- T T1 T2 13 T4 5 TG 17 T8 T9 Ti0 ™m T12 T13 T4 TS Tia m7
o \ y ! . .
Command ZYREAD Y7 ) OB Y7 OB 7 RO YNGR Y7 7 NGB Y7y e X7 OB ) am ¥ 7 OB 7 N Om 7 i WOR W W Y7 7 0P 7 7 NOm Y7,/ 7)o Y777 0w Y777 Woe )
s, A7 R Nt Rt O R R S I Ny SO NS A AT I AR I B R .

| ‘ ODTLoff = OWL + AL-2

oo T @|@|@|@|@ P

! | ooTlon=cmisa-2 | | | ‘
[T
N ‘ i | N | N ‘ \7y ‘ A7/ ‘ i | N\ | \7

| | | | ""‘ﬂc'”"""“? | | | |
H‘T[ RT"M" t t t t J F‘ﬂnum
| | | | |
| | | | AL=AL+CL | | | | a0 a0 | | | | =l l—taon oang
T | | | | | | | | TR A A AU |
DS, DQs# . —
g | | | | | | | | | I — | |
41 +afhb+ IE0E 4 b 4 Stk ¢ E 21

m Transltloning m Dan't Care

note: 1. ODT must be disabled externally during READs by driving ODT LOW. For example, CL=6; AL=CL -1=5;RL= AL
+CL=11;CWL =5;ODTLon = CWL + AL - 2 = 8; ODTLoff = CWL + AL - 2 = 8. R1Tnom is enabled. Rrrwr) is a“Don’t
Care.”
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Asynchronous ODT Mode

Asynchronous ODT mode is available when the DRAM runs in DLL on mode and when
either RTT,nom or Rrr(WR) is enabled; however, the DLL is temporarily turned off in
precharged power-down stand by (via MRo[12]). Additionally, ODT operates
asynchronously when the DLL is synchronizing after being reset. See Power-
DownMode for definition and guidance over power-down details.

In asynchronous ODT timing mode,the internal ODT command is not delayed by AL
relative to the external ODT command. In asynchronous ODT mode, ODT controls Rt
by analog time. The timing parameters "AONPD and 'AOFPD replace ODTL
on/'AON and ODTLoff/'AOF, respectively, when ODT operates asynchronously.

The minimum Rrrturn-ontime CAONPD [MIN]) is the pointatwhich the device termi-
nation circuit leaves High-Z and ODT resistance begins to turnon. Maximum Rt
turn- on time (fAONPD [MAX]) is the point at which ODT resistance is fully on.
YAONPD (MIN) and'AONPD(MAX) are measured from ODT being sampled HIGH.

The minimum Rrr turn-off time ((AOFPD [MIN]) is the point at which the device
termination circuit starts to turn off ODT resistance. Maximum Rt turn-off time
(*AOFPD [MAX]) is the point at which ODT has reached High-Z. tAOFPD (MIN) and
YAOFPD (MAX) are measured from ODT being sampled LOW.
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Asynchronous ODT Timing with Fast ODT Transition

T0
CK

BCK 7 d \ : s 3 [
cke A L AN T AN T A RN | JARN | AR | / AR A A
tiH 4s S
oot A | A\ | /N ‘ FA VAT T8 O | (WY | & % A A ‘/_\ AR
‘ L’EAONPD(MIN) ‘ ‘ ‘ = ~|'AOFPD (MIN) ‘
Ry 3 [ I \
L tAONPD (MAX) AOFPD (MAX) :l

Note: 1. ALisignored.

Asynchronous ODT Timing Parameters for All Speed Bins

'AONPD

Asynchronous Rt turn-on delay (power-down with DLL off)

E Transitioning lj Don’t Care

ns

'AOFPD

Asynchronous Rt turn-off delay (power-down with DLL off)

8.5

ns
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Synchronous to Asynchronous ODT Mode Transition (Power-Down Entry)

There is a transition period around power-down entry(PDE) where the DRAM’s ODT
may exhibit either synchronous or asynchronous behavior. This transition period oc-
curs if the DLL is selected to be off when in precharge power-down mode by the
setting MRo[12] =0. Power-down entry begins 'ANPD prior to CKE first being
registered LOW, and ends when CKE is first registered LOW. 'ANPD is equal to the
greater of ODTLoff+ 1'CK or ODTLon+1'CK. If a REFRESH command has been
issued, and it is in progress when CKE goes LOW, power-down entry ends 'RFC after
the REFRESH command, rather than when CKE is first registered LOW . Power-down
entry then becomes the greater of tANPD and 'RFC- REFRESH command to CKE
registered LOW.

ODT assertion during power-down entry results in an Rrrchange as early as the
lesser of AAONPD(MIN) and ODTLonx {CK+ 'AON(MIN), or as late as the greater of
YAONPD (MAX) and ODTLonx 'CK+ 'tAON(MAX). ODT de-assertion during power-
down entry can result in an Rrr change as early as the lesser of tAOFPD (MIN) and

ODTLoffx tCK+ tAOF(MIN),or as late as the greater of 'AOFPD(MAX) and ODTLoff
x ICK + 'tAOF(MAX).

summarizes these parameters.

If AL has a large value, the uncertainty of the state of Rt becomes quite large.

This is because ODT Lon and ODTLoff are derived from the WL; and WL is equal
to CWL+AL. shows three different cases:

* ODT_A: Synchronous behavior before!ANPD.

* ODT_B: ODTstate changes during the transitionperiodwitht AONPD(MIN) <
ODTLon x 'CK + 'AON (MIN) and tAONPD (MAX) > ODTLon x 'CK + 'AON (MAX).

* ODT_C: ODT state changes after the transition period with asynchronous behavior.
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ODT Parameters for Power-Down (DLL Off) Entry and Exit Transition Period

Power-down entry transition period Greater of: tANPD or 'RFC - refresh to CKE LOW

(power-down entry)

Power-down exit transition period TANPD + IXPDLL

(power-down exit)

ODT to Rrrturn-on delay Lesser of: tAONPD (MIN) (2ns) or Greater of: tTAONPD (MAX) (8.5ns) or
(ODTLon = WL - 2) ODTLon x 'CK + tAON (MIN) ODTLon x 'CK + 'tAON (MAX)
ODT to Rrrturn-off delay Lesser of: 'AOFPD (MIN) (2ns) or Greater of: tAOFPD (MAX) (8.5ns) or
(ODTLoff = WL - 2) ODTLoff x ICK +tAOF (MIN) ODTLoff x ICK + 'AOF (MAX)
ANPD WL - 1 (greater of ODTLoff + 1 or ODTLon + 1)

Synchronous to Asynchronous Transition During Precharge Power-Down (DLL Off) Entry

TO T T2 T3 T4 T5 T6 17 T8 9 T10 T Tz T13 Tao Tal Taz Ta3
CKE ==~ - o emes -y anm P -y - —mw= -y cma cmew -y “em . -y
(a4 - ——a Saaa

e ff | N T U YT YT N YD grih VAN N AN N O O | BT Illlm FI7A VAT | AN L
command /) No@ /77X ReF }7/7X Noe /7 X Nor N7/ Nae 377X Nor X777K woe X7 77K wor X777 X wow X/ 77X Nor X777y woe X777 X war X/ 77X woe 777K wor WA [AXNoe )7/ o= X7 /7K Wo X7 /K woP

tRFC (MIN)

I | l |
PDE transition period

Ry
N
S

'AOFPD (MAX)

DT A
synchronous “4 >
[=— "AOF (MIN) | | | | |
DRAM R;; A Serek
synchronous L’I | 0DTLoff + "ADFPD {(MIN)
|*A0F (MAX)

b o Lo
ommous”|w|W|W|W|W|W|W|W| _.I|¢_‘A0FIPD(M|NJ

DRAM R 8
asynchronous
or synchronous

oDTC
asynchronous

|¢>| AOFPD (M

DRAM R C X-| et A—

asynchronous
| tAOFPD (MAX)

é:"\“:};’éﬁ{:“ E] Transitioning Don't Care

Note: 1. AL = 0; CWL = 5; ODTL(off) = WL -2 = 3.
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Asynchronous to Synchronous ODT ModeTransition (Power-Down EXxit)

The DRAM’s ODT can exhibite it her asynchronous or synchronous behavior during
power- down exit(PDX). This transition period occurs if the DLL is selected to be off
when in precharge power-down mode bysetting MRo[12] to 0. Power-down exit begins
YANPD prior to CKE first being registered HIGH, and ends 'XPDLL after CKE is first reg-
istered HIGH.!ANPD is equal to the greater of ODTLoff+ 1'*CKor ODTLon+ 1'CK. The
transition period is "ANPD + 'XPDLL.

ODT assertion during power-down exit results in an Rrr change as early as the lesser of
YAONPD (MIN) and ODTLon x 'CK + 'AON(MIN), or as late as the greaterof tAONPD
(MAX) and ODTLonx!CK+ 'tAON(MAX).ODT de-assertion during power-down exit
may result in an Rrrchange as early as the lesser of tAOFPD(MIN) and ODTLoffxtCK+
YAOF(MIN), or as late as the greater of 'AOFPD(MAX) and ODTLoffx'CK+'AOF(MAX).
summarizes these parameters.

If AL has a large value,the uncertainty of the Rt state becomes quite large. This is be-
cause ODTL on and ODTL off are derived from WL, and WL is equal to CWL+AL. shows
three different cases:

* ODT C: Asynchronous behavior before 'tANPD.

* ODTB : ODT state changes during the transition period, witht AOFPD(MIN)

<ODTL- offx 'CK + 'YAOF(MIN), and ODTLoffx 'CK + tAOF(MAX) >'AOFPD
(MAX).

* ODT A: ODT state changes after the transition period with synchronous response.
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Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit

CKE ~= -y

CKE

COMMAND

ODT A
asynchronous
DRAM Ry A
asynchronous

oDTB
asynchronous

DRAM R €
synchronous

Tbo ™ Tb2 <O T T2 Tdo Td1
oy Fowmy ok S iy - -— -y
L1/, / \// i\, /L /A \// 4

VK Nor X 777K wor X7 77K wor 74 X Nor X777 Wor T/ /K wom YT L Nor YT/ 7 Noe X/

PDX transition period

4 /2 o) | /1%
|Rnncm X-'.- st e et
| |'Aorpo(w;|
| /4 L/ /4

717 1, I 77 (770

|
: |
=L J-—emoam |

| opTLoff + *ACF (MIN) |

|

777 |!_| n.//.
|
|

| taorDmaxs |

A |

A /L
FPD {MIN)

T

[
ODTLoff ! I tAOF (MA

ItAor (MIN) |

'Y Rrtnom
1 v v v v v

Indicates break
a Wi Anmia sale: E Transitioning Don‘t Care

Note: 1.CL=6; AL=CL - 1; CWL =5; ODTLoff =WL -2 = 8.
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Asynchronous to Synchronous ODT Mode Transition (Short CKE Pulse)

N

=

If the time in the precharge power-down or idle states is very short (short CKE LOW
pulse),the power-down entry and power-down exit transition periods overlap.When
overlap occurs, the response of the DRAM’s Rrrto a change in the ODT state can be
synchronous or asynchronous from the start of the power-down entry transition period
to the end of the power-down exit transition period, even if the entry period ends later
than the exit period.

If the time in the idle state is very short (short CKE HIGH pulse), the power-down
exit andpower-down entry transition periods overlap.When this overlap occurs, the
response of the DRAM’s Rrrto a change in the ODT state may be synchronous or
asynchronous from the start of power-down exit transition period to the end of the
power- down entry transition period.
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Transition Period for Short CKE LOW Cycles with Entry and Exit Period Overlapping

Command =

CKE g

- | PDE transition period

tANPD _‘
|-
RFC (MIN)
|
PDX transition period o
'ANPD XPDLL

- -
I Short CKE low transition period (R _yrchange asynchronous or synchronous) >

Indicates break El . )
z in time scale Transitioning a Don’t Care

Note: 1. AL = 0, WL = 5, 'ANPD = 4.

Transition Period for Short CKE HIGH Cycles with Entry and Exit Period Overlapping

T0 T T2 T3 T4 T5 T7 T8 T9 Ta0 Tal Ta2 Ta3 Ta4

Command S Nop Yl Nop Y Nop M (op Yo YR NOP )-(NOP ).(NoI NO P = Nop
ﬁ\‘ﬁ_\‘m\‘/_\‘/_“\‘/;‘i ‘

o |
| | 'ANPD

‘ 7 ! N m ‘ 2

XPDLL

' |
| 'ANPD
| [ |

- Short CKEHIGH transition period (R1T change asynchronous or synchonous)
1 1 1 ] 1 1 1

Indicates break P ,
é in time scale Q Transitioning @ Don’tCare

Note: 1. AL =0, WL = 5, 'ANPD = 4.
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