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8Gb DDR3 SDRAM organized as 256Mx32

FEATURES

1 Asynchronous RESET pin for Power-up
initialization and reset function

9 Clock rate available : 1333 and 1600 Mbps

1 JEDEC Standard ball-out
9 Combines two 4 Gb x 16 devices

1 VDD/VDDQ = 1.35V (1.283V to 1.45V) or 1 Industrial and Military temperature range.
1.5V (1.425V to 1.575V)

9 Differential clock inputs (CK, /CK) operation

1 Posted CAS by programmable additive
latency

9 Burst length: 8 (BL8) and Burst Chop 4 (BC)
modes

1 Bi-directional Differential Data Strobe (DQS)
1 DLL aligns DQ and DQS transitions with CK

1 Commands entered on each positive CK
transition.

9 Data and data mask are referenced to both
edges of a differential data strobe pair
(Double data rate)

1 Programmable read burst : interleave or

nibble sequential Applications:
I Multi Purpose Register (MPR) for pre-defined

pattern read out - Embedded Systems
1 Programmable on-die termination (ODT) - Workstations
1 Refresh: Self-refresh, Auto Self-refresh and - Server

Partial array Self-refresh - Super computers

1 High Temperature Self-Refresh rate enable - Test Systems

1 ZQ calibration for DQ drive and ODT

GENERAL DESCRIPTION

The 3D3D8G32WB1741 / 3D3D8G32YB1741is a high speed stack multi-chip package integrated
4Gbits x 2 DDR3 SDRAM and fabricated with ultra high performance CMOS process containing 8G bits
which is organized as 32Mbits x 8 banks by 32 bits.

This synchronous device achieves a high speed double-data-rate transfer rates of up to 1600 Mb/sec/pin
(DDR3-1600) for general applications. The chip is designed to comply with the following key DDR3
SDRAM features: (1) posted CAS by programmable additive latency, (2) On Die Termination (3)
programmable driver strength data,(4) clock rate of 1600Mbps.

All the control and address inputs are synchronized with a pair of externally supplied differential clocks.
Inputs are latched at the cross point of differential clocks (CK rising and /CK falling). All 1/Os are
synchronized with a pair of bidirectional differential data strobes (DQS and /DQS) in a source
synchronous fashion. The address bus is used to convey row, column and bank address information in a
/RAS and /CAS multiplexing style.

The 8Gb DDR3 devices operates with a single power supply: 1.35V or 1.5V for VDD and VDDQ.

This device is ideal for high density memory applications that require high speed transfer and
compatibility with standard servers and networking equipment.
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FUNCTIONAL BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The twin-die DDR3 SDRAM is a high-speed, CMOS dynamic random access memory device.

The DDR3 SDRAM uses a double data rate architecture to achieve high-speed operation. The double
data rate architecture is an 8n-prefetch architecture with an interface designed to transfer two data words
per clock cycle at the I/O balls. A single read or write access consists of a single 8n-bit-wide, one-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 balls.

The differential data strobe (DQS, DQS#) is transmitted externally, along with data, for use in data
capture at the DDR3L 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.

Read and write accesses to the DDR3 SDRAM are burst-oriented. Accesses start at a selected location
and continue for a burst length of four or eight 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 (including CSn#, BAn, and An) registered coincident with the READ or
WRITE command are used to select the rank, bank, and starting column location for the burst access.

Industrial and Military Temperature

JEDEC specifications require the refresh rate to double when TC exceeds 85°C; this also requires use of
the high-temperature self-refresh option.
Additionally, ODT resistance, IDD values, some IDD specifications and the input/output impedance must
be derated when TC is < 0°C or > 95°C.
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BGA 136-BALL DESCRIPTION
Symbol Type Function

Clock: CK and CK# are differential clock inputs. All
address and control input signals are sampled on the
crossing of the positive edge of CK and negative edge of
CK#.

CK, CK# Input

Clock Enable: CKE HIGH activates, and CKE Low
deactivates, internal clock signals and device input buffers
and output drivers. Taking CKE Low provides Precharge
Power-Down and Self-Refresh operation (all banks idle),
or Active Power-Down (row Active in any bank). CKE is
asynchronous for Self-Refresh exit. After VREFCA and
CKE Input VREFDQ have become stable during the power on and
initialization sequence, they must be maintained during all
operations (including Self-Refresh). CKE must be
maintained high throughout read and write accesses.
Input buffers, excluding CK, CK#, ODT and CKE, are
disabled during power-down. Input buffers, excluding
CKE, are disabled during Self-Refresh.

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

CS# Input

On Die Termination: ODT (registered HIGH) enables
termination resistance internal to the DDR3 SDRAM.
OoDT Input When enabled, ODT is only applied to each DQ, DQS,
DQS#. The ODT pin will be ignored if MR1 is programmed
to disable RTT.

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

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

DMO-DM3 Input

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

BAO - BA2 Input
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Address Inputs: Provided the row address for Active
commands and the column address for Read/Write
commands to select one location out of the memory array
in the respective bank. (A10/AP and Al12/BC# have
additional functions; see below). The address inputs also
provide the op-code during Mode Register Set commands.

AO - Al4 Input

Auto-precharge: A10 is sampled during Read/Write
commands to determine whether Autoprecharge should
be performed to the accessed bank after the Read/Write
operation. (HIGH: Autoprecharge; LOW: no
Al10/ AP Input Autoprecharge). A10 is sampled during a Precharge
command to determine whether the Precharge applies to
one bank (A10 LOW) or all banks (A10 HIGH). If only one
bank is to be precharged, the bank is selected by bank
addresses.

Burst Chop: Al12 is sampled during Read and Write
commands to determine if burst chop (on-the-fly) will be
performed. (HIGH, no burst chop; LOW: burst chopped).
See command truth table for details.

Al2 / BC# Input

Active Low Asynchronous Reset: Reset is active when
RESET# is LOW, and inactive when RESET# is HIGH.
RESET# Input RESET# must be HIGH during normal operation. RESET#
is a CMOS rail-to-rail signal with DC high and low at 80%
and 20% of VDD.

Input /

DQ Output Data Input/ Output: Bi-directional data bus.

Data Strobe: output with read data, input with write data.
Edge-aligned with read data, centered in write data. The
DQSO0-3, DQS#0- | Input / data strobe DQS is paired with differential signals DQS#

3 Output to provide differential pair signaling to the system during
reads and writes. DDR3 SDRAM supports differential data
strobe only and does not support single-ended.

DQ Power Supply: 1.35V (3D3D8G32YB1741) or 1.5V

vDDQ Supply | (3p3p8G32WB1741)
VSSQ Supply DQ Ground
Power Supply: 1.35V (3D3D8G32YB1741) or L5V
VDD Supply | 3p3peG3awB1741)
VSS Supply | Ground

VREFDQ Supply Reference voltage for DQ
VREFCA Supply Reference voltage for CA
ZQ0, ZQ1 Supply Reference Pin for ZQ calibration
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3D3D8G32YB1741
Datasheet
Note: Input only pins (BA0-BA2, A0-A14 RAS#, CAS#, WE#, CS#, CKE, ODT, and RESET#) do not supply
termination.
ADDRESSING PARAMETERS
Parameter 256M x 32
Configuration 32M x 32 x 8 banks
Row addressing A[14:0] (32K)
Bank addressing BA[2:0] (8)
Column addressing A[9:0], (1K)
Page size 4KB
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit Note
Vop supply voltage relative to Vss Vbb -0.4 ~1.975 \ 1
Voo supply voltage relative to Vsso Vbbo -04~1.975 \%
Voltage on any pin relative to Vs VIN, VouT -0.4 ~1.975 V
Storage temperature Tste -55 ~ +150 °C
Operating case temperature - Industrial Tc -40 ~ +85 °C 2,34
Operating case temperature - Specific Tc -40 ~ +95 °C 2,34
Operating case temperature - Military Tc -55 ~ +125 °C 2,34
Note : 1. Vop and Vbbg must be within 300mV of each other at all times, and Vrer must not be greater than 0.6 x

Vbpg. When Vop and Vopg are <500mV, Vrer can be CBOOmV.
2. MAX operating case temperature. TC is measured in the center/top side of the package.
3. Device functionality is not guaranteed if the DRAM device exceeds the maximum TC during operation.

4. The Auto-Refresh command interval can be kept at normal value tREFI = 7.8ps with Tc O 85°C. For
operation above 85°C case temperature, Refresh command must be doubled in frequency, therefore
reducing the refresh interval tREFI to 3.9us is required. If the Self-Refresh operation is utilized above 85°C
case temperature, it is mandatory to either use the Manual Self-Refresh mode with extended temperature
range capability (MR2 bit [A6, A7] = [0, 1]) or to enable the optional Auto Self-Refresh mode (MR2 bit [A6,
A7] =11, 0]).
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PIN CAPACITANCE
Parameter Symbol Min Max Unit | Notes
Input/output capacitance (DQ, DMx,DQS, clO 15 25 pF 1.6
DQS#) L b )
Input capacitance, CK and CK# CCK 0,8 1.4 pF 1,3
Input capacitance delta, CK and CK# CDCK 0 0,15 pF 1,2
Input capacitance delta DQS and DQS# CDDQS 0 0,15 pF 1
Input capacitance, (CTRL, ADD, CMD Cl 0.75 13 DF 1
input-only pins) ’ '
Input capacitance delta, (All CTRL input- CDI CTRL 04 0.2 DF 14
only pins - ’ ’ ’
Input capacitance, (address and Cl ADD CMD 04 0.4 pF 1
command pins) -~ ’ ’
Input capacitance delta, (All ADD/CMD CDI ADD CMD 04 0.4 DF 15
input-only pins) -~ ’ ’ ’
Input/output capacitance delta (DQ, DM, CDIO 05 03 pF |1,7,8
DQS, DQS#) ’ ’ T
Input/output capacitance of ZQ pin CZQ 3 pF 1,7

Notes :

1. Although the DMx pins have different functions, the loading matches DQ and DQS

2. Vob, Vopg, Vss, Vssq applied and all other pins (except the pin under test) floating. Voo = Vbpg = 1.5V,

VBIAS=Vbpq/2
Absolute value of CK-CK#
CCK(min) will be equal to CIN(min)

© © N o gk w

10. DQ should be in high impendance state.

DDR3 SDRAM Memory

CDI_CTRL= CI(CTRL)-0.5*(CI(CLK)+CI(CLK#))
CDI_ADD_CMD=CI|_ADD_CMD-0.5*(CCK(CK)+CCK(CK#))
CDI_CTRL = CI(CTRL) - 0.5%(CCK(CK) + CCK(CK#))
CDIO=CIO(DQ, DM)-0.5*(CIO(DQS)+CIO(DQS#))

Maximum external load capacitance on ZQ pin: 5pF
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Datasheet

IDD SPECIFICATIONS AND CONDITIONS
Vobp = Vopg = 1.35V (1.283V to 1.45V)

Symbol

Parameter

-1333

-1600

Units

IDDO

Operating One Bank Active-Precharge Current:

CKE: High; External clock: On; tCK, nRC, nRAS, CL: see timing used
table; BL: 8; AL: 0; CS: High between ACT and PRE;

Command, Address: partially toggling; Data |10: FLOATING,;
DM:stable at 0; Bank Activity: Cycling with one bank active

at a time; Output Buffer and RTT: Enabled in Mode Registers;

ODT Signal: stable at 0

TBD

126

mA

IDD1

Operating One Bank Active-Read-Precharge Current:

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see
timing used table; BL: 81; AL: 0; CS#: High between ACT, RD and
PRE; Command, Address, Data 10: partially toggling; DM: stable at
0; Bank Activity: Cycling with one bank active at a time; Output Buffer
and RTT: Enabled in Mode Registers; ODT Signal: stable at 0

TBD

179

mA

IDD2PO

Precharge Power-Down Current Slow Exit:

CKE: Low; External clock:On; tCK, CL: see timing used table; BL: 8;
AL: O; CS: stable at 1; Command, Address: stable at 0;

Data I0: FLOATING; DM: stable at 0; Bank Activity: all banks closed;
Output Buffer and RTT: Enabled in Mode Registers;

ODT Signal: stable at 0; Precharge Power Down Mode: Slow Exit

TBD

18

mA

IDD2P1

Precharge Power-Down Current Fast Exit:

CKE: Low; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: 0; CS#: stable at 1; Command, Address: stable at 0; Data IO:
FLOATING; DM: stable at 0; Bank Activity: all banks closed; Output
Buffer and RTT: Enabled in Mode Registers; ODT Signal: stable at O;
Pre-charge Power Down Mode: Fast Exit

TBD

31

mA

IDD2N

Precharge Standby Current:

CKE: High; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: 0; CS#: stable at 1; Command, Address: partially toggling; Data
I0: FLOATING; DM: stable at O; Bank Activity: all banks closed;
Output Buffer and RTT: Enabled in Mode Registers; ODT Signal:
stable at O

TBD

53

mA

IDD3P

Active Power-Down Current:

CKE: Low; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: O; CS#: stable at 1; Command, Address: stable at O;

Data 10: FLOATING; DM: stable at 0; Bank Activity: all banks open;
Output Buffer and RTT: Enabled in Mode Registers; ODT Signal:
stable at 0

TBD

58

mA

IDD3N

Active Standby Current:

CKE: High; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: 0; CS: stable at 1; Command, Address: partially toggling;

Data 10: FLOATING; DM: stable at 0; Bank Activity: all banks open;
Output Buffer and RTT: Enabled in Mode Registers; ODT Signal:
stable at 0

TBD

84

mA
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Symbol

Parameter

-1333

-1600

Units

IDD4AW

Operating Burst Write Current:

CKE: High; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: 0; CS#: High between WR; Command, Address: partially
toggling; Data 10: seamless write data burst with different data
between one burst and the next one; DM: stable at 0;

Bank Activity: all banks open, WR commands cycling through banks:
0,0,1,1,2,2,...; Output Buffer and RTT: Enabled in Mode Registers;
ODT Signal: stable at HIGH

TBD

341

mA

IDD4R

Operating Burst Read Current:

CKE: High; External clock: On; tCK, CL: see timing used table; BL: 8;
AL: 0; CS#: High between RD; Command, Address: partially toggling;
Data |10: seamless read data burst with different data between one
burst and the next one; DM: stable at 0; Bank Activity: all banks
open, RD commands cycling through banks: 0,0,1,1,2,2,...; Output
Buffer and RTT: Enabled in Mode Registers; ODT Signal: stable at 0

TBD

341

mA

IDD5B

Burst Refresh Current:

CKE: High; External clock: On; tCK, CL, nRFC: see timing used
table; BL: 8; AL: 0; CS#: High between REF; Command, Address:
partially toggling; Data |0: FLOATING; DM: stable at 0; Bank Activity:
REF command every nRFC; Output Buffer and RTT: Enabled in
Mode Registers; ODT Signal: stable at 0

TBD

470

mA

IDD6

Self-Refresh Current: Normal Temperature Range

TCASE: 0-85°C; Auto Self-Refresh (ASR): Disabled; Self-Refresh
Temperature Range (SRT): Normal; CKE: Low; External clock: Off;
CK and CK#: LOW; CL: see timing used table; BL: 8; AL: 0; CS,
Command, Address, Data |0: FLOATING; DM: stable at 0;

Bank Activity: Self-Refresh operation; Output Buffer and RTT:
Enabled in Mode Registers; ODT Signal: FLOATING

TBD

27

mA

IDDGET

Self Refresh Current: Extended Temperature Range:

TCASE: 0-95°C; Auto Self-Refresh (ASR): Disabled; Self-Refresh
Temperature Range (SRT): Extended; CKE: Low; External clock: Off;
CK and CK: LOW; CL: see timing used table; BL: 8; AL: 0; CS,
Command, Address, Data |0: FLOATING; DM: stable at 0;

Bank Activity: Extended Temperature Self-Refresh operation; Output
Buffer and RTT: Enabled in Mode Registers; ODT Signal: FLOATING

TBD

36

IDD7

Operating Bank Interleave Read Current

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

TBD

418

mA
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Datasheet
Symbol | Parameter -1333 | -1600 | Units
RESET Low Current:
RESET: Low; External clock: off; CK and CK:
IDD8 LOW; CKE: FLOATING; CS, Command, Address, Data 10: TBD 30 mA
FLOATING; ODT Signal : FLOATING
Notes:

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

2. Output Buffer Enable: set MR1 A[12] = 0B; set MR1 A[5,1] = 01B; RTT_Nom enable: set MR1 A[9,6,2]=
011B; RTT_Wr enable: set MR2 A[10,9] = 10B

Precharge Power Down Mode: set MRO A12=0B for Slow Exit or MRO A12=1B for Fast Exit
Auto Self-Refresh (ASR): set MR2 A6 = OB to disable or 1B to enable feature

Self-Refresh Temperature Range (SRT): set MR2 A7=0B for normal or 1B for extended temperature range

2B

Refer to DRAM supplier data sheet and/or DIMM SPD to determine if optional features or requirements are
supported by DDR3 SDRAM

7. Read Burst type: Nibble Sequential, set MRO A[3]=0B

Timing used for IDD and IDDQ Measurement i Loop Patterns

Speed DDR3-1333 DDR3-1600 Unit
CL-nRCD, nRP 9-9-9 11-11-11
tCK(min) 15 1.25 ns
CL 9 11 nCK
tRCD(min) 9 11 nCK
tRC(min) 33 39 nCK
tRAS(min) 24 28 nCK
tRP(min) 9 11 nCK
tFAW (2KB page size) 30 32 nCK
tRRD (2KB page size) 5 6 nCK
tRFC 234 280 nCK
RECOMMENDED DC OPERATING CONDITIONS
Symbol Parameter Rating Units Notes
Min Typ Max
1.283 1.35 1.45
VDD Supply Voltage \% 1,2,3
1.425 15 1.575
1.283 1.35 1.45
VDDQ Supply voltage for output L5 15 1578 \% 1,2,3

Notes: 1. Under all conditions Vopg must be less than or equal to Vop.
2. Vopq tracks with Vpp. AC parameters are measured with Vpop and Vopq tied together.

3. Vop and Vppq rating are determinated by operation voltage.
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Datasheet
INPUT OPERATING CONDITIONS
Parameter/Condition Symbol Min Max Unit Notes
Reference voltage for ADD, CMD VREFCA(DC) | 0.49*VDD | 0.51*VDD v 12
inputs ) ) ’
Reference voltage for DQ, DM inputs VREFDQ(DC) 0.49*VDD 0.51*vDD \% 1,2

Notes: 1. The AC peak noise on VREF may not allow VREF to deviate from VREFCA(DC) by more than £1% VDD
(for reference approx. £15mV).

2. For reference: Approx VDD/2 +15mV.

OUTPUT CHARACTERISTICS AND OPERATING CONDITIONS

Parameter/Condition Symbol Value Unit | Note
DC output high measurement level (for IV curve linearity) VOH(DC) 0.8 x VDDQ

DC output middle measurement level (for IV curve linearity) VOM(DC) 0.5 x VDDQ \Y,

DC output low measurement level (for IV curve linearity) VOL(DC) 0.2 x VDDQ \Y,

AC output high measurement level (for output SR) VOH(AC) VTT + 0.1 x VDDQ \Y, 1
AC output low measurement level (for output SR) VOL(AC) VTT - 0.1 x VDDQ \% 1
AC differential output high measurement level VOHUdIff(AC) +0.2 x VDDQ \% 2
AC differential output low measurement level VOLJdiff(AC) -0.2 x VDDQ \Y 2

Notes: 1. The swing of 0.1 x VDDQ is based on approximately 50% of the static single-ended output high or low )
swing with a driver impedance of 40Y and an ef fectito¥TTE¥DDO/2.l oad of 25Y

2. The swing of £+0.2 x VDDQ is based on approximately 50% of the static single-ended output high or low )
swing with a driver impedance of40Y and an effective test | oad hef 25Y
differential outputs.
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Datasheet
AC OPERATING TEST CONDITIONS (25°C)
Speed bin DDR3-1333 DDR3-1600
Cl-nRCD-nRP 9-9-9 11-11-11 Unit Note
Parameter Symbol Min Max Min Max
Internal read command to
first data taa 13.5 20 13.75 20 ns 7
ACT to reasilnc:;wrlte delay trco 135 ) 13.75 ns 7
PRE command period trp 13.5 - 13.75 ns 7
ACT to ACT or REF tre 49.5 - 48.75 ns 7
command time
ACT to PRE command period tras 36 9*treF 35 9*trerI ns 6
Average clock cycle CL=5,

e 4 tok(ave) 3.0 3.3 3.0 3.3 ns | 1,2345
Average clock cycle CL=6,

e 4 tok(ave) 25 3.3 25 3.3 ns | 1,2345
Average dlock oycle CL=7 1 toavey 1875 | <25 | 1875 | <25 | ns | 12345
Average clock cycle CL=8 1 toavey 1875 | <25 | 1875 | <25 | ns | 12345
Average C(':‘i,‘\’/kl_gde CL=9, tekave) 15 < 1.875 15 <1875 | ns | 1,23,45
Average C'(‘:’\‘;\'/‘L":y;'e CLE10 | v 15 < 1.875 15 1.875 ns | 1,2,3,4,5
Average clock cycle CL=11,

O WL tekave) - - 1.25 15 ns | 1235

Supported CL settings 6,7,8,9,10 6,7,8,9,10,11 nCK
SupportedCWL settings 5,6,7 5,6,7,8 nCK

Notes:

The CL setting and CWL setting result in tCK(AVG).MIN and tCK(AVG).MAX requirements.When making a
selection of tCK(AVG), both need to be fulfilled: Requirements from CL setting as well as requirements from
CWL setting.

tCK(AVG).MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by
the DLL - all possible intermediate frequencies may not be guaranteed. An application should use the next

smaller JEDEC standard tCK(AVG) value (2.5, 1.875, 1.5 or 1.25ns) when calculating CL [nCK] = tAA [ns] /
tCK(AVG) [ns], roundinguptothene xt &é Supported

tCK(AVG).MAX limits: Calculate tCK(AVG) = tAA.MAX / CL SELECTED and round the resulting tCK(AVG)
down to the next valid speed bin (i.e. 3.3ns or 2.5ns or 1.875ns or 1.5ns). This result is tCK(AVG).MAX
corresponding to CL SELECTED.

Any DDR3-1333 speed bin also supports functional operation at lower frequencies as shown in the table
which are not subject to production tests but verified by design/characterization.

Any DDR3-1600 speed bin also supports functional operation at lower frequencies as shown in the table
which are not subject to production tests but verified by design/characterization.

tREFI depends on operating case temperature (Tcase).

For devices supporting optional downshift to CL=7 and CL=9, tAA/tRCD/tRPmin must be 13.125 ns. SPD
settings must be programmed to match.
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Datasheet
DDR3-1333 DDR3-1600 : Note
Parameter Symbol - - Unit
Min Max Min Max
Average Clock cycle time tek(avg) Refer to standard speed bins ps
Minimum Clock cycle (DLL off tek
mode) (DLL_off) 8 - 8 - ns 6
Average High pulse width tcH(avg) 0.47 0.53 0.47 0.53 tCK(avg)
Average Low pulse width teL(avg) 0.47 0.53 0.47 0.53 tCK(avg)
ACTIVE to ACTIVE command ¢ 6 ) 6 i ns
period RRD
Four activate window traw 45 - 40 - ns
Control and Address input tin(base)
hold time (1.5V) DC100 140 - 120 - ps 16
Control and address input tis(base) ) i
setup time (1.5V) AC175 65 45 ps 16
Control and address setup tis (base) ) i
time (1.5V) AC150 190 170 Ps 16,24
DQ and DM input hold time ton(base) ) )
(1.5V) DC100 65 45 ps 17
DQ and DM input setup time tos(base) ) )
(1.5V) AC150 30 10 ps 17
Control and address input , . )
pulse width for each input tew 620 560 ps 25
DQ and DM input pulse width . )
for each input toipw 400 360 ps 25
DQ high impedance time thz(DQ) - 250 - 225 ps 13,14
DQ low impedance time tLz(DQ) -500 250 -450 225 ps 13,14
DQS and DQS# low ) )
impedance time t.z(DQS) 500 250 450 225 ps 13,14
DQS and DQS# high ) i
impedance time thz(DQS) 250 225 13,14
DQS, DQS# to DQ skew per 10050 ) 125 i 100 ps 12.13
group, per access
CAS# to CAS# command
delay teeo 4 - 4 - nCK
DQ output hold time from ) )
DOS, DQS# tQw 0.38 0.38 tCK(avg) 12,13
DQS, DQS# rising edge
output access time from rising tbsck -255 255 -225 225 ps 12,13
CK, CK#
DQS, DQS# rising edge to CK togss -0.25 0.25 -0.27 0.27 tCK(avg)
DQS, DQS#VJ%F;;:‘ highpulse | o 0.45 0.55 0.45 055 |tCK(avg) | 27,28
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DDR3-1333 DDR3-1600 Note

Parameter Symbol Min NMax Min NMax Unit

DQS, DQS# falling
edge setup time from toss 0.2 - 0.18 - tCK(avg) 29
CKrising edge

DQS, DQS# falling
edge hold time from tosH 0.2 - 0.18 - tCK(avg) 29
CKrising edge

DQS, DQS#
differential low pulse togsL 0.45 0.55 0.45 0.55 | tCK(avg) | 26,28
width

DQS, DQS#
differential high pulse toQsH 0.45 0.55 0.45 0.55 | tCK(avg) | 27,28
width

DQS, DQS#
differential output high tosH 0.40 - 0.40 - tCK(avg) | 12,13
time

DQS, DQS#
differential output low tosL 0.40 - 0.40 - tCK(avg) | 12,13
time

Mode register set

command cycle time tRD 4 - 4 - nCK

Mode register set
command update tmop 12nCK, 15ns - 12nCK, 15ns -
delay

DQS, DQS# read

preamble time (RPRE 0.9 . 0.9 - tCK(avg) | 13,19

DQS, DQS# read

postamble time trpsT 0.3 - 0.3 - tCK(avg) | 11,13

DQS, DQS# write

preamble time twere 0.9 - 0.9 - tCK(avg) 1

DQS, DQS# write

postamble time twpst 0.3 - 0.3 - tCK(avg) 1

Write recovery time twr 15 - 15 - ns

Auto precharge write
recovery+ precharge tpaL(min) WR + roundup[tRP / tCK(avg)] nCK
time

Multipurpose register

recovery time tuPRR 1 - 1 - nCK 22

Internal read
command to
precharge command
delay

trTP 4nCK, 7.5ns - 4nCK, 7.5ns -

Delay from internal
write command to twTr 4nCK, 7.5ns - 4nCK, 7.5ns - 18
read

Minimum CKE low
width for self refresh tckesr tcke(min)+1nCK - tcke(min)+1nCK -
entry to exit timing

Valid clock
requirement after self
refresh entry or power

down entry

tcksrE 5nCK, 10ns - 5nCK, 10ns

Valid clock
requirement before
self refresh exit or

power down exit

tcksrx 5nCK, 10ns - 5nCK, 10ns
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Datasheet

Parameter

Symbol

| Unit | Note |

DDR3-1333

Min

Max

DDR3-1600

Min

Max

Exit self refresh to
commands not
requiring a locked
DLL

txs

5nCK,
tRFC(min)+10
ns

5nCK,
tRFC(min)+10ns

Exit self refresh to
commands requiring
a locked DLL

txspLL

toLLk(min)

toLLk(min)

nCK

REF command to
ACT or REF
command time

trrC

350

350

ns

Average periodic
refresh interval
40AC O Tc

tREFI

7.8

7.8

us

Average periodic
refresh interval
85AC O 5@

trREFI

3.9

3.9

us

CKE minimum pulse
width

teke

3nCK, 5.625ns

3nCK, 5ns

Exit reset from CKE
high to a valid
command

txpPr

5nCK,
trrc(min)+10ns

5nCK,
trrc(min)+10ns

DLL lock time

toLLk

512

512

nCK

Power down entry to
exit timing

trD

teke(min)

9*treFI

tCKE(min)

9*tREFI

15

Exit precharge power
down with DLL frozen
to commands
requiring a locked
DLL

txpDLL

10nCK, 24ns

10nCK, 24ns

Exit power down with

DLL to any valid
command; exit

precharge power

down with DLL frozen
to commands not
requiring a locked

DLL

txp

3nCK, 6ns

3nCK, 6ns

Timing of WR
command to power
down entry (BL8OTF,
BL8MRS, BLAOTF)

tWRPDEN

WL+4+
(twr/tck(avg))

WL+4+
(twr/tck(avg))

nCK

Timing of WR
command to power
down entry
(BC4AMRS)

twRPDEN

WL+2+
(twr/tck(avg))

WL+2+
(twr/tck(avg))

nCK

Timing of WRA
command to power
down entry (BL8OTF,
BL8MRS, BL4OTF)

twrAPDEN

WL+4+WR+1

WL+4+WR+1

nCK

10

Timing of WR
command to power
down entry
(BC4AMRS)

tWRAPDEN

WL+2+WR+1

WL+2+WR+1

nCK

10
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Datasheet

Parameter

Symbol

DDR3-1333 DDR3-1600 Unit Note
Min Max Min Max

Timing of REF
command to power
down entry

tREFDPEN

1 - 1 - nCK 20,21

Timing of MRS
command to power
down entry

tMRSPDEN

tMOD(min) - tMOD(min) -

Command pass disable
delay

tcpoeD

1 - 1 - nCK

Timing of ACT to power
down entry

tacTPDEN

1 - 1 - nCK 20

Timing of PRE to
command power down
entry

tPRPDEN

1 - 1 - nCK 20

Timing of RD/RDA
command to power
down entrt

tRDPDEN

RL+4+1 - RL+4+1 - nCK

RTT turn-on

taon

-250 250 -225 225 ps 7

Asynchronous RTT
turn-on delay (power
down with DLL frozen)

taonPD

2 8.5 2 8.5 ns

RTT_Nom and
RTT_WR turn off time
from ODTLoff reference

taoF

0.3 0.7 0.3 0.7 tCK(avg) | 8

Asynchronous RTT turn
off delay (power down
with DLL frozen)

taoFPD

ODT high time without
write command or with
write command and
BC4

ODTH4

4 - 4 - nCK

ODT high time with
write command and BL8

ODTHS8

6 - 6 - nCK

RTT dynamic change
skew

tanc

0.3 0.7 0.3 0.7 tCK(avg)

Power up and reset
calibration time

tzoinir

512 - 512 - nCK

Normal operation
calibration time

tzQorer

256 - 256 - nCK

Normal operation short
calibration time

tzocs

64 - 64 - nCK 23

First DQS/DQS# rising
edge after write leveling
mode is programmed

twLMRD

40 - 40 - nCK 3

DQS/DQS# delay after
write leveling more is
programmed

twLDDQSEN

25 - 25 - nCK 3
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Datasheet
Parameter Symbol MinDDR3_133|?/|ax MinDDR3_160l\c/)lax Unit |-Note
Write leveling setup
time from rising
CKI/CK# crossing to twis 195 - 165 - ps
rising DQS/DQS#
crossing
Write leveling hold
time from rising
DQS/DQS# crossing twiH 195 - 165 - ps
to rising CK/CK#
crossing
Write leveling output
delay twro 0 9 0 7.5 ns
Write leveling output
error twLoe 0 2 0 2 ns
tek(avg)min | tex(avg)max | tck(avg)min
Absolute clock period | tck(abs) + + + tﬁ(?vg)r;?ﬁ ;(X+ ps
tar(per)min | tar(per)max | tyr(per)min P
Absolute clock high
pulse width tcH(abs) 0.43 - 0.43 - tex(avg) 30
Absolute clock low
bulse width tcL(abs) 0.43 - 0.43 - tex(avg) 31
Clock period jitter tar(per) -80 80 -70 70 ps
Clock period jitter
during DLL locking tur(per,lck) -70 70 -60 60 ps
time
Cycle to__cycle clock torr(cc) ) 160 ) 140 ps
jitter
Cycle to cycle clock
jitter during DLL tur(cc,lck) - 140 - 120 ps
locking time
Cumulative error
across 2 cycles terr(2per) -118 118 -103 103 ps
Cumulative error
across 3 cycles terr(3per) -140 140 -122 122 ps
Cumulative error
across 4 cycles terr(4per) -155 155 -136 136 ps
Cumulative error
across 5 cycles terr(5per) -168 168 -147 147 ps
Cumulative error
across 6 cycles terr(6per) -177 177 -155 155 ps
Cumulative error
across 7 cycles terr(7per) -186 186 -163 163 ps
Cumulative error
across 8 cycles terr(8per) -193 193 -169 169 ps
Cumulative error
across 9 cycles terr(9per) -200 200 -175 175 ps
Cumulative error
across 10 cycles terr(10per) -205 205 -180 180 ps
Cumulative error
across 11 cycles terr(11per) -210 210 -184 184 ps
Cumulative error
across 12 cycles terr(12per) -215 215 -188 188 ps
Cun;grlglg\slengrror terr(Nper)min= (1+0.68In(n)) * tar(per)min
T terr(nper) terr(nper)max= (1+0.68In(n)) * tar(per)max ps 32
13,14, ¢é, 4
cycles
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Notes:

Actual value dependant upon measurement level definitions.

Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.
The max values are system dependent.

WR as programmed in mode register

Value must be rounded-up to next higher integer value

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

No gk~ e DN P

ODT turn on time (min) is when the device leaves high impedance and ODT resistance begins to turn on.
ODT turn on time (max) is when the ODT resistance is fully on. Both are measured from ODTLon.

8. ODT turn-off time (min) is when the device starts to turn-off ODT resistance. ODT turn-off time (max) is bus
is in high impedance. Both are measured from ODTLoff

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

11. The maximum read postamble is bound by tbgsck(min) plus tosH(min) on the left side and tz(DQS)max on
the right side.

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

13. Value is only valid for RON34

14. Single ended signal parameter. Refer to the section of tz(DQS), tz(DQ), tHz(DQS), tiz(DQ) notes for
definition and measurement method.

15. treri depends on operating case temperature (Tc).

16. tis(base) and tin(base) values are for 1V/ns CMD/ADD single-ended slew rate and 2V/ns CK, CK# differential
slew rate. Note for DQ and DM signals, Vrer(DC) = Vreq(DC). For input only pins except RESET#,
VRef(DC) = Vretca(DC). See Address / Command Setup, Hold and Derating section.

17. tos(base) and ton(base) values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, DQS# differential
slew rate. Note for DQ and DM signals, Vrer(DC) = Vremq(DC). For input only pins except RESET#,
Vref(DC) = Vreica(DC). See Data Setup, Hold and Slew Rate Derating section.

18. Start of internal write transaction is defined as follows:
a. For BL8 (fixed by MRS and on- the-fly): Rising clock edge 4 clock cycles after WL.
b. For BC4 (on- the- fly): Rising clock edge 4 clock cycles after WL.
c. For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.
19. The maximum read preamble is bound by t.z(DQS)min on the left side and togsck(max) on the right side

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

21. Although CKE is allowed to be registered LOW after a REFRESH command once trerppen(min) is satisfied,
there are cases where additional time such as txepLL(min) is also required

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

23. One ZQCS command can effectively correct a minimum of 0.5 % (ZQ Correction) of RON and RTT
impedance error within 64 nCK for all speed bins assuming the maximum sensitivities specified in the
60ut put Driver Voltage and Tempeamd uTempernasti uriesi $gros iatni
The appropriate interval between ZQCS commands can be determined from these tables and other
application-specific parameters. One method for calculating the interval between ZQCS commands, given
the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates that the SDRAM is subject to in the
application, is illustrated. The interval could be defined by the following formula:
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24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.

ZQCorrection

(Tsens X Tdriftrate) + (Vsens X Vdriftrate)

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

The tis(base) AC150 specifications are adjusted from the tis(base) specification by adding an additional 100
ps of derating to accommodate for the lower alternate threshold of 150 mV and another 25 ps to account for
the earlier reference point [(175 mv - 150 mV) / 1 V/ns].

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

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

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

togsh,act + togst,act = 1 tck,act ; with txvz,act being the actual measured value of the respective timing
parameter in the application.

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

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

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

n = from 13 cycles to 50 cycles. This row defines 38 parameters.
Tc 085°C.

Required for operation at Tc > 85°C.
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SIMPLIFIED STATE DIAGRAM
CKE L
Power
applied
: {nitialization,
SRE/
Fromany __ RESEY—I
state
Refreshing
PoE
Bank
active
WRITE WRITE -.., READ READ
. B WRITE AP READ AP .
y AN
Writing | ATV R N
WRITE AP READ AP
WRITE AP READ AP
PRE, PREA PRE. PREA Readmg
................................................ -_.Precharging . Automatic
sequence
Command
sequence
Abbreviation Function Abbreviation Function Abbreviation Function
ACT Activate READ RD, RDS4, RDS8 PDE Enter Power down
PRE Precharge READ AP RDQ’D'?A%%SA" PDX Exit Power down
PREA Precharge All WRITE WR, WRS4, WRS8 SRE Self refresh entry
. WRA, WRAS4, .
MRS Mode Register set WRITE AP WRASS SRX Self refresh exit
REF Refresh RESET Start Reset MPR Multi purpose
Procedure register
ZQCL ZQ long calibration ZQCS ZQ short calibration
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