1Gb: x4, x8, x16 DDR3 SDRAM

AMcron

Features
MT41J256M4 —32 Meg x 4 x 8 Banks
MT41J128M8 — 16 Meg x 8 x 8 Banks
MT41J64M16 —8 Meg x 16 x 8 Banks
Features Options Marking
* VDD = VDDQ =+1.5V+0.075V « Confieuration
* 1.5Vcenter-terminated push/pulll/O _ 256gMe x4 256M4
* Differential bidirectional data strobe — 128 Mei X8 128M8
* 8n-bit prefetch architecture — 64 Meg x 16 64M16
. D.ifferential clock inputs (CK, CK#) FBGA package (Pb-free) - x4, x8
* 8internalbanks — 78-ball FBGA (8mm x 11.5mm) Rev. F P

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

CAS (READ) latency (CL): 5,6,7,8,9,10,0r 11
POSTED CAS ADDITIVE latency (AL): 0, CL-1,CL- 2
CAS (WRITE) latency (CWL): 5, 6,7, 8, based on 'CK
Fixed burst length (BL) of 8 and burst chop (BC) of 4

— 78-ball FBGA(9mm x 11.5mm) Rev. D HX
— 86-ball FBGA(9mm x 15.5mm) Rev. B BY
FBGApackage (Pb-free) - x16

— 96-ball FBGA(9mm x 15.5mm) Rev. B LA
Timing - cycle time

. . - 1.25ns @CL =11 (DDR3-1600) -125
(via the mode register set [MRS]) _ 1.25ns @CL = 10 (DDR3-1600) 125E
* Selectable BC4 or BL8 on-the-fly (OTF) — 1.25ns @CL =9 (DDR3-1600) _125F

Self refresh mode
T of 0°C to 95°C

1.5ns @CL =10 (DDR3-1333) -15

- 1.5ns @CL=9 (DDR3-1333 -15E
B} g;ﬁz;gggzgg;gg“h at 0°Cto 85°C ~ 1.5ns @CL=8 EDDR3-1333; J15F
* Clock frequency range of 300-800 MHz - 1.87ns @CL =8 (DDR3-1066) 187
* Selfrefresh temperature (SRT) - 1.87ns @CL =7 (DDR3-1066) "187E
* Automatic self refresh (ASR) - 2.5ns @CL =6 (DDR3-800) 2
« Write leveling - 2..51.15 @CL=5 (DDR3-800) -25E
” . Revision :B/:D/:F
* Multipurpose register
* Outputdriver calibration
Table 1: Key Timing Parameters
Speed Grade |Data Rate (MT/s) | Target 'RCD-'RP-CL 'RCD (ns) 'RP (ns) CL (ns)
-125 1600 11-11-11 13.75 13.75 13.75
-125E 1600 10-10-10 12.5 12.5 125
-125F 1600 9-9-9 11.25 11.25 11.25
-15 1333 10-10-10 15 15 15
-15E 1333 9-9-9 13.5 13.5 13.5
-15F 1333 8-8-8 12 12 12
-187 1066 8-8-8 15 15 15
-187E 1066 7-7-7 13.1 13.1 13.1
-25 800 6-6-6 15 15 15
-25E 800 5-5-5 125 125 125
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Features

Table 2: Addressing

Parameter 256 Meg x 4 128 Meg x 8 64 Meg x 16
Configuration 32 Meg x 4 x 8 banks 16 Meg x 8 x 8 banks 8 Meg x 16 x 8 banks
Refresh count 8K 8K 8K

Row addressing 16K (A[13:0]) 16K (A[13:0]) 8K (A[12:0])
Bank addressing 8 (BA[2:0]) 8 (BA[2:0]) 8 (BA[2:0])
Column addressing 2K (A[11, 9:0]) 1K (A[9:0]) 1K (A[9:0])

Figure 1: 1Gb DDR3 Part Numbers

Example Part Number: MT41J256M4BY-15:B

[[ /[ L) =/ﬁ

MT41J Configuration Package | Speed | | |Revision
T:B/:D/:F
Configuration Temperature
256 Meg x4 | 256M4 Commercial None
128 Meg x8 | 128M8 Industrial temperature | [T
64 Meg x 16 64M16
Speed Grade

Package Rev. | Mark 125 | oK =1.26ns CL=11
78-ball 8mm x 11.5mm FBGA F JP 125€ | ek =1.25ns, CL=10
78-ball 9mm x 11.5mm FBGA D HX 125F | tcK=1.25ns, CL=9
86-ball 9mm x 15.5mm FBGA B BY 15 | tok=15ns CL=10
96-ball 9mm x 15.5mm FBGA B LA 15E | toK=15ns CL=9

-15F | oK =1.5ns, CL=8
187 | 'oK=1.87ns CL=8
-187E | 'oK = 1.87ns, CL=7
25 | 'oK=25ns CL=6
25E | oK =2.5ns,CL=5

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part
marking that is different from the part number. For a quick conversion of an FBGAcode,
see the FBGA Part Marking Decoder on Micron’s Web site: www.micron.com.
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State Diagram

1Gb: x4, x8, x16 DDR3 SDRAM
State Diagram

Figure 2: Simplified State Diagram
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ACT = ACTIVATE

MPR = Multipurpose register
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. 1Gb: x4, x8, x16 DDR3 SDRAM
Mcron Functional Description

Functional Description

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 pins. Asingle read or write
access for the DDR3 SDRAM 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 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 DDR3 SDRAM operates from a differential clock (CKand CK#). The crossing of CK
going HIGH and CK# 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 at a
selected location and continue for a programmed number oflocations 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.

DDR3 SDRAM use READ and WRITE BL8 and BC4. An auto precharge function may be
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 bandwidth by hiding row
precharge and activation time.

Aselfrefresh mode is provided, along with a power-saving, power-down mode.

General Notes

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

* Throughout the data sheet, the various figures and text refer to DQs as “DQ.” The DQ
term is to be interpreted as any and all DQ collectively, unless specifically stated
otherwise.

* The terms “DQS” and “CK” found throughout the data sheet are to be interpreted as
DQS, DQS# and CK, CK# respectively, unless specifically stated otherwise.

* Complete functionality may be described throughout the entire document, and any
page or diagram may have been simplified to convey a topic and may not be inclusive
of allrequirements.

* Any specific requirement takes precedence over a general statement.

* Any functionality not specifically stated here within is considered undefined, illegal,
and not supported and can result in unknown operation.

* Row addressingis denoted as A[n:0](1Gb:n =12 [x16]; 1Gb: n =13 [x4, x8]).
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o 1Gb: x4, x8, x16 DDR3 SDRAM
}Icron Functional Block Diagrams

Functional Block Diagrams

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

Figure 3: 256 Meg x 4 Functional Block Diagram
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¥ 1Gb: x4, x8, x16 DDR3 SDRAM
Mcron Functional Block Diagrams

Figure 4: 128 Meg x 8 Functional Block Diagram
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Figure 5: 64 Meg x 16 Functional Block Diagram
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1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

Ball Assighments and Descriptions

Figure 6:

78-Ball FBGA — x4, x8 Ball Assighments (Top View)

Notes:
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Ball descriptionslisted in Table 3 on page 17 are listed as “ x4, x8” if unique; otherwise, x4
and x8 are the same.
A comma separatesthe configuration; a slash defines a selectable function.

Example D7 = NF, NFTDQS#. NF appliesto the x4 configuration only. NF/TDQS# appliesto
the x8 configuration only—selectable between NF or TDQS# via MRS (symbols are defined

in Table 3 on page 17).
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Figure 7:

1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

86-Ball FBGA — x4, x8 Ball Assighments (Top View)
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Ball descriptionslisted in Table 4 on page 19 are listed as “ x4, x8” if unique; otherwise, x4
and x8 are the same.
2. A comma separatesthe configuration; a slash defines a selectable function.

3. Example D7 = NF NF'TDQS#. NF appliesto the x4 configuration only. NFTDQS# appliesto
the x8 configuration only—selectable between NF or TDQS# via MRS (symbols are defined

in Table 4 on page 19).
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Mcron Ball Assignments and Descriptions

Figure 8: 96-Ball FBGA —x16 Ball Assignments (Top View)
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Notes: 1. Ball descriptionslisted in Table 5 on page 21 are listed as“ x4, x8” if unique; otherwise, x4
and x8 are the same.
2. A comma separatesthe configuration; a slash defines a selectable function.
3. Example D7 = NF NF'TDQS#. NF appliesto the x4 configuration only. NFTDQS# appliesto
the x8 configuration only—selectable between NF or TDQS# via MRS (symbols are defined
in Table 5 on page 21).
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Table 3:

1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

78-Ball FBGA — x4, x8 Ball Descriptions

Ball Assignments

Symbol

Type

Description

K3, L7, L3, K2,
L8, L2, M8, M2,
N8, M3, H7, M7,

K7, N3

A0, A1, A2, A3,

A4, A5, A6, A7,

A8, A9, A10/AR,

A11, A12/BC#,
A13

Input

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
determineswhether the PRECHARGE appliesto one bank (A10 LOW,
bank selected by BA[2:0]) or all banks (A10 HIGH). The addressinputs
also provide the op-code during a LOAD MODE command. Address
inputsare referenced to VREFCA. A12/BC#: When enabled in the
mode register (MR), A12 issampled during READ and WRITE
commandsto determine whether burst chop (on-the-fly) will be
performed (HIGH = BL8 or no burst chop, LOW = BC4 burst chop).
See Table 62 on page 91.

J2, K8, J3

BAO, BA1, BA2

Input

Bank address inputs: BA[2:0] define the bank to which an
ACTIVATE, READ, WRITE, or PRECHARGE command isbeing applied.
BA[2:0] define which mode register (MR0O, MR1, MR2, or MR3) is
loaded during the LOAD MODE command. BA[2:0] are referenced to
VREFCA.

F7, G7

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All control and
addressinput signals are sampled on the crossing of the positive
edge of CK and the negative edge of CK#. Output data strobe (DQS
DQSH) isreferenced to the crossings of CK and CK#.

G9

CKE

Input

Clock enable: CKE enables (registered HIGH) and disables
(registered LOW) internal circuitry and clockson the DRAM. The
specific circuitry that isenabled/disabled isdependent upon the
DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (all
banksidle), or active power-down (row active in any bank). CKEis
synchronousfor power-down entry and exit and for self refresh
entry. CKEisasynchronousfor self refresh exit. Input buffers
(excluding CK, CK#, CKE, RESET#, and ODT) are disabled during
power-down. Input buffers (excluding CKE and RESET#) are disabled
during SELF REFRESH. CKE isreferenced to VREFCA.

H2

Input

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.
CSt# isreferenced to VREFCA.

B7

DM

Input

Input data mask: DM isan input mask signal for write data. Input
dataismasked when DM issampled HIGH along with the input data
during a write access. Although the DM ball isinput-only, the DM
loading isdesigned to match that of the DQ and DQSballs. DM is
referenced to VREFDQ. DM has an optional use as TDQSon the x8.

G1

oDT

Input

On-die termination: ODT enables (registered HIGH) and disables
(registered LOW) termination resistance internal to the DDR3
SORAM. When enabled in normal operation, ODT isonly 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 isignored if
disabled via the LOAD MODE command. ODT isreferenced to
VRErCA.

F3, G3, H3

RASH#, CASH, WE#

Input

Command inputs: RAS#, CASH, and WE# (along with CS#) define
the command being entered and are referenced to VREFCA.
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1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

Table 3: 78-Ball FBGA — x4, x8 Ball Descriptions (continued)
Ball Assignments Symbol Type Description

N2 RESET# Input Reset: RESET# is an active LOW CMOSinput referenced to Vss. The
RESET# input receiver isa CMOSinput defined asa rail-to-rail signal
with DCHIGH > 0.8 x VDDQ and DC LOW < 0.2 x VbDQ. RESET#
assertion and desertion are asynchronous.

B3, C7, DQO, DQ1, I/0 Data input/output: Bidirectional data busfor the x4 configuration.

C2,C8 DQ2, DQS DQ[3:0] are referenced to VREFDQ.

B3, C7, C2, DQO, DQ1, DQ2, I/0 Data input/output: Bidirectional data busfor the x8 configuration.
C8, E3, E8, DQ3, DQ4, DQ5, DQ[7:0] are referenced to VREFDQ.

D2, E7 DQs6, DQ7

C3, D3 DQS DQS# I/0 Data strobe: Output with read data. Edge-aligned with read data.
Input with write data. Center-aligned to write data.

B7, A7 TDQS TDQS# Output |Termination data strobe: Appliesto the x8 configuration only.
When TDQSis enabled, DM isdisabled, and the TDQSand TDQS#
balls provide termination resistance.

A2, A9, D7, G2, G8, VDD Supply |Power supply: 1.5V £0.075V.
K1, K9, M1, M9
B9, C1, E2, E9 VDDQ Supply |DQ power supply: 1.5V £0.075V. Isolated on the device for
improved noise immunity.

J8 VRerCA Supply |Reference voltage for control, command, and address: VREFCA
must be maintained at all times (including self refresh) for proper
device operation.

E1 VREFDQ Supply |Reference voltage for data: VREFDQ must be maintained at all
times (including self refresh) for proper device operation.

A1, A8, B1, D8, F2, Vss Supply | Ground.
F8, J1,J9, L1, L9, N1,
N9
B2, B8, C9, D1, D9 VsQ Supply |DQ ground: Isolated on the device for improved noise immunity.

H8 2Q Reference | External reference ball for output drive calibration: Thisball is
tied to an external 240Q resistor (RZQ), which istied to VsQ.

A3, J7,N7,F9, H1, H, NC - No connect: These ballsshould be left unconnected (the ball hasno

H9 connection to the DRAM or to other balls).

A7,D2, B3, E7, E8 NF - No function: When configured as a x4 device, these ballsare NF

When configured as a x8 device, these ballsare defined as TDQS#,
DQJ[7:4].
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Table 4:

1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

86-Ball FBGA — x4, x8 Ball Descriptions

Ball Assignments

Symbol

Type

Description

N3, P7, P3, N2,
P8, P2, R8, R2,
T8, R3,

L7,

R7, N7,

T3

A0, A1, A2, A3,
A4, A5, A6, A7,
A8, A9
A10/APR,
A11, A12/BC#,
A13

Input

Address inputs: Provide the row addressfor 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
determineswhether the PRECHARGE appliesto one bank (A10 LOW,
bank selected by BA[2:0]) or all banks (A10 HIGH). The addressinputs
also provide the op-code during a LOAD MODE command. Address
inputs are referenced to VREFCA. A12/BC#: When enabled in the
mode register (MR), A12 issampled during READ and WRITE
commandsto determine whether burst chop (on-the-fly) will be
performed (HIGH = BL8 or no burst chop, LOW = BC4 burst chop).
See Table 62 on page 91.

M2, N8, M3

BAO, BA1, BA2

Input

Bank address inputs: BA[2:0] define the bank to which an
ACTIVATE, READ, WRITE, or PRECHARGE command isbeing applied.
BA[2:0] define which mode register (MR0O, MR1, MR2, or MR3) is
loaded during the LOAD MODE command. BA[2:0] are referenced to
VREFCA.

J7, K7

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All control and
addressinput signalsare sampled on the crossing of the positive
edge of CK and the negative edge of CK#. Output data strobe (DQS
DQSH) isreferenced to the crossings of CK and CK#.

K9

Input

Clock enable: CKE enables (registered HIGH) and disables
(registered LOW) internal circuitry and clockson the DRAM. The
specific circuitry that isenabled/disabled isdependent upon the
DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (all
banksidle), or active power-down (row active in any bank). CKEis
synchronousfor power-down entry and exit and for self refresh
entry. CKEisasynchronousfor self refresh exit. Input buffers
(excluding CK, CK#, CKE, RESET#, and ODT) are disabled during
power-down. Input buffers (excluding CKE and RESET#) are disabled
during SELF REFRESH. CKE isreferenced to VREFCA.

Input

Chip select: CS# enables (registered LOW) and disables (registered
HIGH) the command decoder. All commandsare masked when CSt# is
registered HIGH. CS# providesfor external rank selection on systems
with multiple ranks. CS# is considered part of the command code.
CS# isreferenced to VREFCA.

DM

Input

Input data mask: DM isan input mask signal for write data. Input
data ismasked when DM issampled HIGH along with the input data
during a write access. Although the DM ball isinput-only, the DM
loading isdesigned to match that of the DQ and DQSballs. DM is
referenced to VREFDQ. DM has an optional use as TDQSon the x8.

K1

oDT

Input

On-die termination: ODT enables (registered HIGH) and disables
(registered LOW) termination resistance internal to the DDR3
SDRAM. When enabled in normal operation, ODT isonly 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 isignored if
disabled via the LOAD MODE command. ODT isreferenced to
VREFCA.

J3, K3, L3

RASH, CAS#, WE#

Input

Command inputs: RAS#, CAS#, and WE# (along with CS#) define
the command being entered and are referenced to VREFCA.
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1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

Table 4: 86-Ball FBGA — x4, x8 Ball Descriptions (continued)
Ball Assignments Symbol Type Description

T2 RESET# Input | Reset: RESET# isan active LOW CMOSinput referenced to Vss The
RESET# input receiver isa CMOSinput defined asa rail-to-rail signal
with DCHIGH > 0.8 x VDDQ and DC LOW < 0.2 x VDDQ. RESET#
assertion and desertion are asynchronous.

E3, F7, DQO, DQ1, I/O Data input/output: Bidirectional data busfor the x4 configuration.

F2, F8 DQ2, DQS DQ[3:0] are referenced to VREFDQ.

E3, F7, F2, DQO, DQ1, DQ2, I/O Data input/output: Bidirectional data busfor the x8 configuration.
F8, H3, H8, DQ3, DQ4, DQ5, DQ[7:0] are referenced to VREFDQ.

G2, H7 DQs6, DQ7

F3, G3 DQS, DQS# I/0 Data strobe: Output with read data. Edge-aligned with read data.
Input with write data. Center-aligned to write data.

E7, D7 TDQS TDQSH# Output |Termination data strobe: Appliesto the x8 configuration only.
When TDQSis enabled, DM isdisabled, and the TDQSand TDQS#
ballsprovide termination resistance.

D2, D9, G7, K2, K8, VDD Supply |Power supply: 1.5V +£0.075V.
N1, N9, R1, R9
E9, F1, H2, H9 VbDQ Supply |DQ power supply: 1.5V £0.075V. Isolated on the device for
improved noise immunity.

M8 VRerCA Supply |Reference voltage for control, command, and address: VREFCA
must be maintained at all times (including self refresh) for proper
device operation.

H1 VREFDQ Supply |Reference voltage for data: VREFDQ must be maintained at all
times (including self refresh) for proper device operation.

D1, D8, E1, G8, J2, J3, Vss Supply |Ground.
M1, M9, P1, P9, T1,
T9
E2, B8, F9, G1, G9 VsQ Supply |DQ ground: Isolated on the device for improved noise immunity.

L8 2Q Reference | External reference ball for output drive calibration: Thisball is
tied to an external 240Q resistor (RZQ), which istied to VsQ.

A1, A3, A7, A9, D3, NC - No connect: These ballsshould be left unconnected (the ball hasno
J1, 49, L1, L9, M7, T7, connection to the DRAM or to other balls).

W1, W3, W7, W9

D7, G2, H3, H7, H8 NF - No function: When configured as a x4 device, these ballsare NF

When configured as a x8 device, these ballsare defined as TDQSH,
DQ[7:4].
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Table 5:

1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

96-Ball FBGA — x16 Ball Descriptions

Ball Assignments

Symbol

Type

Description

N3, P7, P3, N2,
P8, P2, R8, R2,
T8, R3,

L7,

R7, N7

A0, A1, A2, A3,
A4, A5, A6, A7,
A8, A9
A10/APR,
A11, A12/BC#

Input

Address inputs: Provide the row addressfor 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
determineswhether the PRECHARGE appliesto one bank (A10 LOW,
bank selected by BA[2:0]) or all banks (A10 HIGH). The addressinputs
also provide the op-code during a LOAD MODE command. Address
inputsare referenced to VREFCA. A12/BC#: When enabled in the
mode register (MR), A12 issampled during READ and WRITE
commandsto determine whether burst chop (on-the-fly) will be
performed (HIGH = BL8 or no burst chop, LOW = BC4 burst chop). See
Table 62 on page 91.

M2, N8, M3

BAO, BA1, BA2

Input

Bank address inputs: BA[2:0] define the bank to which an
ACTIVATE, READ, WRITE, or PRECHARGE command isbeing 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
VREFCA.

J7, K7

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All control and
addressinput signals are sampled on the crossing of the positive
edge of CK and the negative edge of CK#. Output data strobe (DQS
DQSH) isreferenced to the crossings of CK and CK#.

K9

Input

Clock enable: CKE enables (registered HIGH) and disables
(registered LOW) internal circuitry and clockson the DRAM. The
specific circuitry that isenabled/disabled isdependent upon the
DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (all
banksidle),or active power-down (row active in any bank). CKE is
synchronousfor power-down entry and exit and for self refresh
entry. CKEisasynchronousfor self refresh exit. Input buffers
(excluding CK, CK#, CKE, RESET#, and ODT) are disabled during
power-down. Input buffers (excluding CKE and RESET#) are disabled
during SELF REFRESH. CKE isreferenced to VREFCA.

Input

Chip select: CS# enables (registered LOW) and disables (registered
HIGH) the command decoder. All commands are masked when CS# is
registered HIGH. CS# providesfor external rank selection on systems
with multiple ranks. CS# is considered part of the command code.
CSt isreferenced to VREFCA.

LDM

Input

Input data mask: LDM isa lower-byte, input mask signal for write
data. Lower-byte input data ismasked when LDM is sampled HIGH
along with the input data during a write access. Although the LDM
ball isinput-only, the LDM loading isdesigned to match that of the
DQ and DQSballs. LDM isreferenced to VREFDQ.

K1

oDT

Input

On-die termination: ODT enables (registered HIGH) and disables
(registered LOW) termination resistance internal to the DDR3
SDRAM. When enabled in normal operation, ODT isonly applied to
each of the following balls: DQ[15:0], LDQS LDQS#, UDQS UDQSH,
LDM, and UDM for the x16; DQO[7:0], DQS, DQS#, DM/TDQS and NF/
TDQS# (when TDQSisenabled) for the x8; DQ[3:0], DQS, DQS#, and
DM for the x4. The ODT input isignored if disabled via the LOAD
MODE command. ODT isreferenced to VREFCA.

J3, K3, L3

RAS#, CASH, WE#

Input

Command inputs: RASH#, CASH, and WE# (along with CS#) define
the command being entered and are referenced to VREFCA.
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1Gb: x4, x8, x16 DDR3 SDRAM
Ball Assignments and Descriptions

Table 5: 96-Ball FBGA — x16 Ball Descriptions (continued)
Ball Assignments Symbol Type Description

T2 RESET# Input | Reset: RESET# isan active LOW CMOSinput referenced to Vss. The
RESET# input receiver isa CMOSinput defined asa rail-to-rail signal
with DCHIGH > 0.8 x VDDQ and DC LOW < 0.2 x VDDQ. RESET#
assertion and desertion are asynchronous.

D3 UDM Input Input data mask: UDM isan upper-byte, input mask signal for
write data. Upper-byte input data ismasked when UDM is sampled
HIGH along with that input data during a WRITE access. Although
the UDM ball isinput-only, the UDM loading isdesigned to match
that of the DQ and DQSballs. UDM isreferenced to VREFDQ.

E3, F7, F2, DQO, DQ1, DQ2, I/0 Data input/output: Lower byte of bidirectional databusfor the x16
F8, H3, H8, DQS3, DQ4, DQ5, configuration. DQ[7:0] are referenced to VREFDQ.
G2, H7 DQs6, DQ7
D7, C3, DQ8, DQY, I/O Data input/output: Upper byte of bidirectional databusfor the x16
Cs8, C2, DQ10, DQ11, configuration. DQ[15:8] are referenced to VREFDQ.
A7, A2, DQ12, DQ13,
B8, A3 DQ14, DQ15
F3, G3 LDQS LDQSH I/0 Lower byte data strobe: Output with read data. Edge-aligned
with read data. Input with write data. Center-aligned to write data.
C7,B7 uDQS, UDQSH I/0 Upper byte data strobe: Output with read data. Edge-aligned with
read data. Input with write data. DQSiscenter-aligned to write data.
B2, D9, G7, K2, K8, VDD Supply |Power supply: 1.5V £0.075V.
N1, N9, R1, R9
A1, A8, C1, C9, D2, VbDQ Supply |DQ power supply: 1.5V £0.075V. Isolated on the device for
E9, F1, H2, H9 improved noise immunity.

M8 VREFCA Supply |Reference voltage for control, command, and address: VREFCA
must be maintained at all times (including self refresh) for proper
device operation.

H1 VREFDQ Supply |Reference voltage for data: VREFDQ must be maintained at all
times (including self refresh) for proper device operation.

A9, B3, E1, G8, J2, J8, Vss Supply | Ground.
M1, M9, P1, P9, T1,
T9
B1, B9, D1, D8, E2, VsQ Supply |DQ ground: Isolated on the device for improved noise immunity.
E8, F9, G1, G9

L8 2Q Reference | External reference ball for output drive calibration: Thisball is
tied to an external 240Q resistor (RZQ), which istied to VsQ.

J1, 49, L1,19, M7, T3, NC - No connect: These ballsshould be left unconnected (the ball hasno

T7

connection to the DRAM or to other balls).
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1Gb: x4, x8, x16 DDR3 SDRAM
Package Dimensions

Package Dimensions

Figure 9: 78-Ball FBGA — x4, x8; “JP”
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° 1Gb: x4, x8, x16 DDR3 SDRAM
Mcron Package Dimensions

Figure 10: 78-Ball FBGA — x4, x8; “HX”
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Figure 11: 86-Ball FBGA — x4, x8
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° 1Gb: x4, x8, x16 DDR3 SDRAM
Mcron Package Dimensions

Figure 12: 96-Ball FBGA — x16
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1Gb: x4, x8, x16 DDR3 SDRAM
Electrical Specifications

Electrical Specifications
Absolute Ratings

Stresses greater than those listed in Table 6 may cause permanent damage to the device.
This is a stress rating only, and functional operation of the device at these or any other
conditions outside those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may
adversely affect reliability.

Table 6: Absolute Maximum Ratings
Symbol Parameter Min Max Units Notes
VDD VDD supply voltage relative to Vss 0.4 1.975 \ 1
VbDQ VDD supply voltage relative to VsQ -0.4 1.975 \
VIN, VouT Voltage on any pin relative to Vss 0.4 1.975 \
Te Operating case temperature 0 95 °C 2,3
Tsrg Storage temperature —55 150 °C

Notes:

1.

2.

3.

VDD and VDDQ must be within 300mV of each other at all times, and VREF must not be
greater than 0.6 x VDDQ. When VDD and VDDQ are lessthan 500mV, VREF may be <300mV.

MAX operating case temperature. Tgismeasured in the center of the package (see
Figure 13 on page 28).

Device functionality isnot guaranteed if the DRAM device exceedsthe maximum Tgduring

operation.

Input/Output Capacitance

Table 7:

Input/Output Capacitance
Note 1 appliesto the entire table

DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600
Capacitance Parameters Symbol Min | Max | Min | Max | Min | Max | Min | Max |Units|Notes
CK and CK# Cck 08 |16 | 08 | 16 | 08 | 14 | 08 | 14 pF
AC: CK to CK# CbcK 0 {015 0 |015| O |015| O |O0.15| pF
Sngle-end 1/0: DQ, DM Cio 151 30|15 |30 | 15| 25 | 15 | 23 pF 2
Differential 1/O: Cio 15130 |15 |30 | 15| 25 | 15 | 23 pF 3
DQS, DQS#, TDQS, TDQSH
AC: DQSto DQS#, TDQS TDQS# Cpbbas 0 0.2 0 0.2 0 (015 0 |0.15| pF 3
AC: DQto DQS Cbio 0503|0503 |-05|03)|-05]|03 pF 4
Inputs (CTRL, CMD, ADDR) G 075| 15 |075| 15 | 075 | 1.3 | 0.75| 1.3 pF 5
AC: CTRLto CK CDI_CTRL -05| 03 |-05| 03 |-04]| 02 |-04]| 02 pF 6
AC: CMD_ADDRto CK CbI_cMD_ADDR| 05| 05 | 05| 05 | 04| 04 | 04| 04 pF 7

Notes: 1.

VouT(pc) = 0.5 x VDDQ, VouT (peak-to-peak) = 0.1V.

A A

BA[2:0].

o

CDI_CTRL = Ci (CTRL) - 0.5 x (Cok [CK] + CcK [CK#]).

7. CbDI_cMD_ADDR = CI (CMD_ADDR) - 0.5 x (Cck [CK] + Cck [CK#]).

VDD = +1.5V £0.075mV, VbDQ = VDD, VREF = Vss, f = 100 MHz, Tg= 25°C.

DM input isgrouped with I/O pins, reflecting the fact that they are matched in loading.
Includes TDQS TDQSH. Cobasis for DQSvs. DQSE and TDQSvs. TDQSH separately.
Cpio = Cio (DQ) - 0.5 x (Cio [DQY + Cio [DQSH]).
Excludes CK, CK#; CTRL = ODT, CS#, and CKE; CMD = RAS#, CAS#, and WE#; ADDR = A[n:0],
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1Gb: x4, x8, x16 DDR3 SDRAM
Thermal Characteristics

Thermal Characteristics

Table 8: Thermal Characteristics
Parameter/Condition Symbol Value Units Notes
Operating case temperature Te 0to 85 °C 1,2,3
Tc 0to 95 °C 1,2,3,4
Junction-to-case (TOP) 78-ball eJC 3.2 °G/W 5
86-ball 2.8
96-ball 2.8

Notes: 1. MAX operating case temperature. Tcismeasured in the center of the package (see

Figure 13).

2. A thermal solution must be designed to ensure the DRAM device doesnot exceed the maxi-

mum T during operation.

3. Device functionality isnot guaranteed if the DRAM device exceedsthe maximum Ts during

operation.

4. If Tc exceeds85°C, the DRAM must be refreshed externally at 2X refresh, which isa 3.9us
interval refresh rate. The use of SRT or ASR (if available) must be enabled.

5. The thermal resistance data isbased off of a number of samplesfrom multiple lotsand

should be viewed as a typical number.

Figure 13: Thermal Measurement Point
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Electrical Specifications — IDD Specifications and Conditions

Electrical Specifications — IDD Specifications and Conditions

The following definitions are used within the IDD measurement tables:
e LOW: VIN < VIL(AC) MAX; HIGH: VIN > VIH(AC) MIN

* Stable: Inputs are stable at a HIGH or LOW level

* Floating: Inputs are VREF = VDDQ/2

* Switching: See Tables 10 and 11

Table 9: IDD Measurement Conditions Reference
Table Number Measurement Conditions
Table 13 on page 31 IDD0 and IDD1
Table 14 on page 33 IDD2Ps, IDD2Pf, IDD2Q, IDD2N, IDD3P, and IDD3N
Table 15 on page 35 IDD4R, IDD4W
Table 16 on page 37 IDD5B, IDD6, IDD6ET
Table 17 on page 38 IDD7 (see Table 18 on page 38)

Table 10: Definition of Switching for Command and Address Input Signals

Switching for Address (Row/Column) and Command Signals (CS#, RAS#, CAS#, and/or WE#)

Address (row/column) If not otherwise stated, inputsare stable at HIGH or LOW during 4 clocksand then change to
the opposite value (Ax Ax Ax Ax Ax Ax Ax Ax Ax Ax Ax Ax...)

Bank address If not otherwise stated, the bank addresses should be switched in a similar fashion asthe
row/column addresses

Command Define command background pattern=DDDDDDDDDDDD...where:

(CSH#, RASH, CASH, WEH) D = (CS#, RASH#, CASH, WE#) = (HIGH, LOW, LOW, LOW)

D = (CS#, RASH, CAS#, WE#) = (HIGH, HIGH, HIGH, HIGH)

If other commands are necessary (ACTIVATE for IDDO or READ for IDD4R), the background
pattern command is substituted by the respective CS#, RASH, CASH, and WE# levels of the
necessary command

Table 11: Definition of Switching for Data Pins

Switching for Data Pins (DQ, DQS, DM)

Data strobe (DQYS) Data strobe ischanging between HIGH and LOW after every clock cycle

Data (DQ) Data DQ ischanging between HIGH and LOW every other data transfer (once per clock) for
DQ signals, which meansthat data DQ is stable during one clock

Data masking (DM) No switching; DM must alwaysbe driven LOW
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Table 12: Timing Parameters

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
-25E -25 | -187E | -187 | -15F | -15E -15 -125F | -125E -125

Ipb Parameter 5-5-5 | 6-6-6 | 7-7-7 | 8-8-8 | 8-8-8 | 9-9-9 (10-10-10| 9-9-9 |10-10-10 |11-11-11 | Units
tCK (MIN) Ibb 25 1.875 1.5 1.25 ns
CL Ibp 5 6 7 8 8 9 10 9 10 11 CK
'RCD (MIN) IpD 12.5 15 13.13 15 12 13.5 15 11.25 12.5 13.75 ns
'RC (MIN) IpD 50 52.5 | 50.63 | 52.50 48 49.5 51 46.25 475 48.75 ns
'RAS (MIN) IpD 37.5 37.5 37.5 37.5 36 36 36 35 35 35 ns
'RP (MIN) 12.5 15 13.13 15 12 13.5 15 11.25 12.5 13.75 ns
tFAW x4, x8 40 40 37.5 37.5 30 30 30 30 30 30 ns

x16 50 50 50 50 45 45 45 40 40 40 ns
'RRD IpD x4, x8 10 10 7.5 7.5 6 6 6 6 6 6 ns

x16 10 10 10 10 7.5 7.5 7.5 7.5 7.5 7.5 ns
'RFC 110 110 110 110 110 110 110 110 110 110 ns

Notes: . IDD specifications are tested after the device isproperly initialized.

1
2. Input dew rate is specified by AC parametric test conditions.

3. IDD parametersare specified with ODT and the output buffer isdisabled (MR1[12]).
4. Optional ASRisdisabled unlessstated otherwise.
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Table 13: IpDD Measurement Conditions for IDDO and IDD1

IpD1: Operating Current 1
IDDO: Operating Current 0 One Bank ACTIVATE to READ
IDD Test One Bank ACTIVATE to PRECHARGE to PRECHARGE Notes
Timing example - Figure 14 on page 32
CKE HIGH HIGH
External clock On On
tcK 'CK (MIN) Ibb 'CK (MIN) Ibp
'RC 'RC (MIN) Ipp 'RC (MIN) Ipp
'RAS 'RAS(MIN) IpD 'RAS(MIN) IpD
'RCD n/a 'RCD (MIN) IpD
'RRD n/a n/a
'RC n/a n/a
CL n/a CL IpD
AL n/a 0
CS# HIGH between ACTIVATE and PRECHARGE HIGH between ACTIVATE, READ, and
PRECHARGE
Command inputs Switching—the only exceptions are Switching—the only exceptionsare 1
ACTIVATE and PRECHARGE commands; ACTIVATE and PRECHARGE commands;
Example of -25E IDDO pattern: Example of -25E IDD1 pattern:
A0DDDDDDDDDDDDDDPO AODDDDRODDDDDDDDDPO
Row/column addresses Row addresses switching; Row addresses switching; 1
Addressinput A10 must be LOW at all times| Addressinput A10 must be LOW at all times
Bank addresses Bank addressisfixed (bank 0) Bank addressisfixed (bank 0)
Data I/O Switching Read data: Output data switches after 2
every clock cycle, which meansthat read
dataisstable during falling DQS; I/O should
be floating when no read data
Output buffer DQ, DQS Off Off
oDT Disabled Disabled
Burst length n/a 8 fixed (via MRO)
Active banks Bank 0; ACTIVATE-to-PRECHARGE loop Bank 0; ACTIVATE-to-READ-to-PRECHARGE
loop
Idle banks All other All other
Secial notes n/a n/a

Notes: 1. For further definition of input switching, see Table 10 on page 29.
2. For further definition of data switching, see Table 11 on page 29.
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Figure 14: IpDp1 Example — DDR3-800, 5-5-5, x8 (-25E)

TO T T2 T3 T4 T5 T6 T7 T8 T9 Ti10 T11 T2 T13 Ti14 Ti15 Ti6 Ti17 Ti8

SRR AP R PR S A A A AR T AR A A A AR AT v AT
BA[2:0] 0

l
A[9:0] 000 X 3FF X 000 X 3FF X 000 X 3FF

A10
A[12:11] 0 X 3 X 0 X 3 X 0 X
/ \_/

RAS# \
CAS# \—/—\—/—\—/T
WEH# \

DQ

0 OXIXIXOXOXI X1

Iopb1 measurement loop

DM

|
|

commans ~(E<D (B0 BEXE X BB X X B X XD B E DD BE
|

Notes: 1. Data DQisshown, but the output buffer should be switched off (per MR1[12] = 1) to
achieve louT = 0OmA (MR1[12] = O isreflected in thisexample; however, test conditionsare
MR1[12] = 1). Addressinputsare split into three parts.
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Table 14: IDD Measurement Conditions for Power-Down Currents
IDD2Ps IDD2Pf Ipp2Q
Precharge Precharge Precharge IDD2N IDD3P IDD3N
Power-Down | Power-Down Quiet Precharge Active Active
Current Current Standby Standby Power-Down Standby
Name (Slow Exit)! | (Fast Exit)’ Current Current Current Current Notes
Timing example n/a n/a n/a Figure 15 0on n/a Figure 150on
page 34 page 34
CKE LOwW LOW HIGH HIGH LOW HIGH
External clock On On On On On On
tcK 'CK (MIN) Ipp | 'CK(MIN) Ipp | 'CK(MIN) Ipp | 'CK (MIN) Ipp | 'CK (MIN) Ipp | 'CK (MIN) Ipp
'RC n/a n/a n/a n/a n/a n/a
'RAS n/a n/a n/a n/a n/a n/a
'RCD n/a n/a n/a n/a n/a n/a
'RRD n/a n/a n/a n/a n/a n/a
'RC n/a n/a n/a n/a n/a n/a
CL n/a n/a n/a n/a n/a n/a
AL n/a n/a n/a n/a n/a n/a
Cs# Sable Sable HIGH HIGH Sable HIGH
Command inputs Sable Sable Sable Switching Sable Switching 2
Row/column Sable Sable Sable Switching Sable Switching 2
addresses
Bank addresses Sable Sable Sable Switching Sable Switching 2
Data I/O Foating Foating Foating Switching Foating Switching 3
Output buffer Off Off Off Off Off Off
DQ, DQS
oDT Disabled Disabled Disabled Disabled Disabled Disabled
Burst length n/a n/a n/a n/a n/a n/a
Active banks None None None None All All
Idle banks All All All All None None
Secial notes n/a n/a 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. For further definition of input switching, see Table 10 on page 29.
3. For further definition of data switching, see Table 11 on page 29.
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Figure 15:

TO

T1

1Gb: x4, x8, x16 DDR3 SDRAM

Electrical Specifications — IDD Specifications and Conditions

T2

IDD2N/IDD3N Example — DDR3-800, 5-5-5, x8 (-25E)

T4 5 T6 T7 T8 T9 T10

L e N N ST N
X X

BA[2:0] 0 X 7 0

A[12:0] 0000 X § 1FFF X 0000 § X
_— / \ / \ -
st \ /] \ / \ e
wee / \ / \ |

Command p# X Dbt X D X p# X b# X D X b X pb# X pb# XD
DQ[7:0] { FF)

DM

Ibp2N/Iop3N measurement loop
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Table 15: IDD Measurement Conditions for IDD4R, IDD4W
IDD Test IDD4R: Burst Read Operating Current | IDD4W: Burst Write Operating Current | Notes
Timing diagram example Figure 16 on page 36 -
CKE HIGH HIGH
External clock On On
tcK {CK (MIN) Ibp {CK (MIN) Ibp
'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 CL Ibp CL Ipp
AL 0 0
CSt HIGH between valid commands HIGH between valid commands
Command inputs Switching; Switching; 1
_READ command/pattern: _ WRITEcommand/pattern:
RODDDR1DDDR2DDDR3DDDR4 . . . WoDDDW1DDDW2DDDW3DDDW4 . . .
Rx = READ from bank x Wx = WRITEto bank x
Row/column addresses Column addresses switching; Column addresses switching; 1
Addressinput A10 must alwaysbe LOW Addressinput A10 must alwaysbe LOW
Bank addresses Bank addresslooping (0-to-1-to-2-t0-3 .. .) | Bank addresslooping (0-to-1-to-2-t0-3...)
Data I/O Seamlessread data burst (BL8): Output | Seamlesswrite data burst (BL8): Input data 2

data switchesafter every clock cycle, which
meansthat read data isstable during

switches after every clock cycle, which
meansthat write data isstable during

falling DQS falling DQS
Output buffer DQ, DQS Off Off
oDT Disabled Disabled
Burst length 8 fixed (via MRO) 8 fixed (via MRO)
Active banks All All
Idle banks None None
Special notes n/a DM always LOW

Notes:

1. For further definition of input switching, see Table 10 on page 29.
2. For further definition of data switching, see Table 11 on page 29.
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Figure 16: IDD4R Example — DDR3-800, 5-5-5, x8

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T10 T11 T12

CKW

BA[2:0] X 0 X 1 X 2 X 3
l

A19:0] X 000 X 3FF X 000 X 3FF
A10 |
l

Al12:11] X 0 X 3 X 0 X 3

cs#

RAS#

WE# |
CMD[2:0] RO X D X b# X b# X R X D X b# X D#¥ X Ro X D X b# X D#¥ X RD XD
DQ[7:0]

DM

‘ Start measurement loop

Notes: 1. Data DQisshown, but the output buffer should be switched off (per MR1[12] = 1) to
achieve lout = 0OmA (MR1[12] = O isreflected in thisexample; however, test conditionsare
MR1[12] = 1). Addressinputsare split into three parts.
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Table 16: IDD Measurement Conditions for IDD5B, IDD6, IDD6ET

IDD6: Self Refresh Current | IDD6ET: Self Refresh Current
IDD5B: Refresh Normal Temperature Range | Extended Temperature Range
IDD Test Current Tc =0°Cto 85°C Tc =0°Cto 95°C Notes
CKE HIGH LOW LOW
External clock On Off, CK and CK# = LOW Off, CK and CK# = LOW
'cK 'CK (MIN) Ibp n/a n/a
'RC n/a n/a n/a
'RAS n/a n/a n/a
'RCD n/a n/a n/a
'RRD n/a n/a n/a
'RC 'RFC (MIN) Ipp n/a n/a
CL n/a n/a n/a
AL n/a n/a n/a
CS# HIGH between valid Foating Foating
commands
Command inputs Switching Foating Foating 1
Row/column addresses Switching Hoating Foating 1
Bank addresses Switching Hoating Hoating 1
Data I/O Switching Foating Foating 2
Output buffer DQ, DQS Disabled Disabled Disabled
oDT Disabled Disabled Disabled
Burst length n/a n/a n/a
Active banks REFRESH command n/a n/a
every 'RFC (MIN)
Idle banks None n/a n/a
Secial notes n/a SRT disabled SRT enabled

Notes: 1. For further definition of input switching, see Table 10 on page 29.
2. For further definition of data switching, see Table 11 on page 29.
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Table 17: IpD Measurement Conditions for IDD7
IDD Test IpD7: All Banks Interleaved Read Current
CKE HIGH

External clock On

teK 'CK (MIN) Ibb

'RC 'RC (MIN) Ipp

'RAS 'RAS(MIN) IpD

'RCD 'RCD (MIN) IpD

'RRD 'RRD (MIN) IbD

'RC n/a

CL CL IpD

AL CL-1

CSt HIGH between valid commands

Command inputs

See Table 10 on page 29 for patterns

Row/column addresses

Sable during DESELECTs (DES)

Bank addresses

Looping (see Table 10 on page 29 for patterns)

Data I/O

Read data (BL8): output data switches after every clock cycle, which meansthat read data is
stable during falling DQS; I/0O should be floating when no read data isbeing driven

Output buffer DQ, DQS

Off

oDT

Disabled

Burst length 8 fixed (via MR0)
Active banks All, rotational
Idle banks n/a
Table 18: IDD7 Patterns
Speed Bin Width | IDD7 Pattern
DDR3-800 x4,x8 |AORAODDATRA1TDDA2RA2DDA3RASDDA4RA4DDA5S5RA5D D A6 RA6 DD A7 RA7
(-25, -25E) DDAO...
x16 |AORAODDA1RA1TDDA2RA2DDA3RASDDDDDDA4RA4DDA5S5RA5S5DDA6RAG6DD
A7RA7TDDDDDDAO...
DDR3-1066 x4,x8 |AORAODDAT1RATDDA2RA2DDA3RASDDDDDDA4RA4ADDASRAS5DDAG6RAG6D D
(-187, -187F) A7RA7TDDDDDDAO...
x16 |AORAODDDDA1RA1TDDDDA2RA2DDDDA3RASDDDDDDDA4RA4DDDDAS
RASDDDDA6RA6DDDDA7RA7TDDDDDDDAO...
DDR3-1333 x4,x8 |AORAODDAT1RATDDA2RA2DDA3RASDDDDDDA4RA4ADDASRASDDAG6RAG6D D
(-15, -15E, -15F) A7RA7TDDDDDDAO...
x16 |AORAODDDA1RATDDDA2RA2DDDA3RASDDDDDDDDDDDDDA4RA4DDD
AS5RASDDDA6RA6DDDA7RA7TDDDDDDDDDDDDDAO...
DDR3-1600 x4,x8 |AORAODDDA1TRATDDDA2RA2DDDA3RASDDDDDDDA4RA4ADDDA5SRASDD
(-125E, -125F, -125) DA6RA6DDDA7RA7DDDDDDDAO...
x16 |AORAODDDDA1TRATDDDDA2RA2DDDDASRASDDDDDDDDDDDDA4RA4D
DDDA5S5RASDDDDA6RA6DDDDA7RAYDDDDDDDDDDDDAO. ..
Notes: 1. A0 = ACTIVATEbank 0; RAO = READ with auto precharge bank 0; D = DESELECT.
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Electrical Characteristics —IDD Specifications

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

Table 19: IpDD Maximum Limits

Speed Bin
IpD Width DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 Units Notes
IDDO x4 65 75 85 95 mA 1,2
x8 90 100 110 120 mA 1,2
x16 90 100 110 120 mA 1,2
IDD1 x4 85 95 105 115 mA 1,2
x8 110 120 130 140 mA 1,2
x16 110 130 150 170 mA 1,2
IDD2P0 Sow 10 10 10 10 mA 1,2
IDD2P1 Fast 25 25 30 35 mA 1,2
Ibp2Q All 45 50 55 60 mA 1,2
IDD2N All 50 55 60 65 mA 1,2
IDD3P All 25 30 35 40 mA 1,2
IDD3N x4, x8 50 55 60 65 mA 1,2
x16 50 55 60 65 mA 1,2
IDD4R x4 130 160 200 250 mA 1,2
x8 130 160 200 250 mA 1,2
x16 190 230 270 315 mA 1,2
IDD4W x4 130 160 190 225 mA 1,2
x8 130 160 190 225 mA 1,2
x16 210 265 325 400 mA 1,2
IDD5B All 200 220 240 260 mA 1,2
IDD6 All 7 7 7 7 mA 1,2,3
IDDBET All 9 9 9 9 mA 2,4
IDD7 x4 230 250 315 400 mA 1,2
x8 350 390 490 600 mA 1,2
x16 350 380 420 460 mA 1,2

Notes: 1. Tg=85°C; SRT and ASRare disabled.

2. Enabling ASRcould increase IDDx by up to an additional 2mA.
3. Restricted to Tg (MAX) = 85°C.
4

. Tc=85°C; ASRand ODT are disabled; SRT isenabled.
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Electrical Specifications-DC and AC

DC Operating Conditions

Table 20: DC Electrical Characteristics and Operating Conditions
All voltages are referenced to Vss

Parameter/Condition Symbol Min Nom Max Units | Notes
Supply voltage VDD 1.425 1.5 1.575 \ 1,2
I/0 supply voltage VbbQ 1.425 1.5 1.575 \ 1,2
Input leakage current I —2 - 2 HA

Any input OV < VIN < VDD, VREF pin OV < VIN<L 1.1V

(All other pinsnot under test = 0V)

VREF supply leakage current IVREF -1 - 1 pHA 3,4
VREFDQ = VDD/2 or VREFCA = VDD/2

(All other pinsnot under test = 0V)

Notes:

1.
2.

VDD and VDDQ must track one another. VDDQ must be lessthan or equal to VDD. Vss= VsQ.
VDD and VDDQ may include AC noise of +50mV (250 kHz to 20 MHz) in addition to the DC
(OHz to 250 kHz) specifications. VDD and VDDQ must be at same level for valid ACtiming
parameters.

VREF (see Table 21).

The minimum limit requirement isfor testing purposes. The leakage current on the VREFpin
should be minimal.

Input Operating Conditions

Table 21: DC Electrical Characteristics and Input Conditions
All voltages are referenced to Vss

Parameter/Condition

Symbol Min Nom Max Units | Notes

Input reference voltage command/addressbus | VREFCA(DC) | 0.49 x VDD | 0.5x VDD | 0.51 x VDD \ 1,2

I/O reference voltage DQ bus

VREFDQ(DC) | 0.49 x VDD | 0.5x VDD | 0.51 x VDD \ 2,3

Command/addresstermination voltage V1T - 0.5 x VDDQ - \ 4
(system level, not direct DRAM input)

Notes:

1.

VREFCA (DC) isexpected to be approximately 0.5 x VDD and to track variationsin the DClevel.
Externally generated peak noise (noncommon mode) on VREFCA may not exceed =1 percent
x VDD around the VREFCA(DC) value. Peak-to-peak AC noise on VREFCA should not exceed 2
percent of VREFCA(DC).

DCvalues are determined to be lessthan 20 MHz in frequency. DRAM must meet specifica-
tionsif the DRAM induces additional AC noise greater than 20 MHz in frequency.
VREFDQ(DC) is expected to be approximately 0.5 x VDD and to track variationsin the DC
level. Externally generated peak noise (noncommon mode) on VREFDQ may not exceed *1
percent x VDD around the VREFDQ(DC) value. Peak-to-peak AC noise on VREFDQ should not
exceed =2 percent of VREFDQ(DC).

VTTisnot applied directly to the device. VT isa system supply for signal termination resis-
tors. MIN and MAX values are system-dependent.
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Table 22: AC Input Operating Conditions

DDR3-800 DDR3-1333
Parameter/Condition Symbol DDR3-1066 DDR3-1600 Units
Command and Address
Input high ACvoltage: Logic 1 VIH(AC) MIN +175 +150 or +175 mV
Input high DCvoltage: Logic 1 VIH(DC) MIN +100 +100 mV
Input low DCvoltage: Logic 0 ViL(bc) MAX -100 -100 mV
Input low ACvoltage: Logic 0 ViL(Ac) MAX -175 —150 or 175 mV
DQ and DM
Input high ACvoltage: Logic 1 VIH(AC) MIN +175 +150 mV
Input high DCvoltage: Logic 1 VIH(DC) MIN +100 +100 mV
Input low DCvoltage: Logic 0 ViL(pc) MAX -100 -100 mV
Input low ACvoltage: Logic 0 ViL(Ac) MAX -175 -150 mV

Notes: 1. All voltagesare referenced to VREF. VREF is VREFCA for control, command, and address. All
slew rates and setup/hold times are specified at the DRAM ball. VReris VREFDQ for DQ and
DM inputs.
2. Input setup timing parameters ('ISand 'DS) are referenced at VIL(AC)/VIH(AC), not VREF(DC).
Input hold timing parameters (!IH and 'DH) are referenced at ViL(DC)/VIH(DC), not VREF(DC).
4. Sngle-ended input slew rate = 1 V/ns; maximum input voltage swing under test is900mV
(peak-to-peak).
5. For VIH(AC) and VIL(AC) levels of 150mV, special setup and hold derating and different 'VAC
numbers apply.

w
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Figure 17: Input Signal
ViLand ViH levels with ringback
1.90V T = — — — — VooQ + 0.4V narrow
oo e R e U pulse width
1.50V DICELLIPIDICELL B
Minimum ViLand ViH levels VopQ
0.925V Vi(ad 0.925V ViH(AC)
0.850V Uil 0.850V U ViH(Dc)
0.780V 0.780V .
VRer + AC
Ve Ace
0.735V 0.735V i h
0.720V 0.720V 4 Vrer- AC noise
0.650V 0.650V ViL(oc)
Vir(bc) ﬁ
0.575V s 0.575V Vi(ac)
ViL(ac)
oov g I\J == Vss
-0.40V N J NRENNE - . - Vss - 0.4V narrow
pulse width
Notes: 1. Numbersin diagramsreflect nominal values.
AC Overshoot/Undershoot Specification
Table 23: Control and Address Pins
Parameter DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600
Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V 0.4V
(see Figure 18 on page 43)
Maximum peak amplitude allowed for undershoot area 0.4V 0.4V 0.4V 0.4V
(see Figure 19 on page 43)
Maximum overshoot area above VDD (see Figure 18 on page 43) 0.67 Vns 0.5Vns 0.4 Vns 0.33 Vns
Maximum undershoot area below Vss(see Figure 19 on page 43)| 0.67 Vns 0.5Vns 0.4 Vns 0.33 Vns
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Table 24: Clock, Data, Strobe, and Mask Pins

Parameter DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600
Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V 0.4V
(see Figure 18 on page 43)

Maximum peak amplitude allowed for undershoot area 0.4V 0.4V 0.4V 0.4V
(see Figure 19 on page 43)

Maximum overshoot area above Vbb/VbDQ 0.25 Vns 0.19 Vns 0.15Vns 0.13 Vns
(see Figure 18 on page 43)

Maximum undershoot area below VssVsQ 0.25 Vns 0.19 Vns 0.15Vns 0.13 Vns
(see Figure 19 on page 43)

Figure 18: Overshoot

Maximum amplitude
Volts (V) Overshoot area

/

Vbp/VobQ

Time (ns)

Figure 19: Undershoot

Vss/VssQ

Volts (V) ' \

Undershoot area

Maximum amplitude

Time (ns)
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Table 25:

All voltages are referenced to Vss

1Gb: x4, x8, x16 DDR3 SDRAM
Electrical Specifications—DC and AC

Differential Input Operating Conditions (CK, CK# and DQS, DQS#)

Parameter/Condition Symbol Min Max Units
Differential input voltage VIN —400 VDD + 400 mV
Differential input midpoint voltage VMP(DC) 650 850 mV
Differential input voltage logic high VIHDIFF 200 VDD + 400 mV
Differential input voltage logic low VILDIFF VsQ - 400 —200 mV
Differential input crossing voltage relative ViX VREF(DC) - 150 VREF(DC) + 150 mV
to Vbp/2 for CK, CK# VREF(DC) - 175 VREF(DC) + 175 mV
Differential input crossing voltage relative VREF(DC) - 150 VREF(DC) + 150 mV
to Vpp/2 for DQS DQSH#

Notes: 1. VMP(DC) specifiesthe input differential common mode voltage (VTR + VCP)/2 where VTRIis
the true input (CK, DQS) level and Vcristhe complementary input (CK#, DQSH) level.
VMP(DC) is expected to be about 0.5 x VDDQ.

2. The typical value of VIX(AC) isexpected to be about 0.5 x VDD of the transmitting device,
and VIX(AC) isexpected to track variationsin VDD. VIX(AC) indicates the voltage at which dif-
ferential input signals must cross.

Reference is VREFCA(DC) for clock and for VREFDQ(DC) for strobe.

Clock isreferenced to VDD and Vss. Data strobe isreferenced to VDDQ and VsQ.
Differential input slew rate =2 V/ns.

The ViX extended range (x175mV) isallowed only for the clock. Additionally, the Vix
extended range isonly allowed when the following conditions are met: The single-ended
input signalsare monotonic, have the single-ended swing VseL, VSEH of at least VDD/2
+250mV, and the differential slew rate of CK, CK# isgreater than 3 V/ns.

o oA w

Figure 20: Single-Ended Requirements for Differential Signals

VoborVobQ — = == === = = = = = = = = = = = — =~ — — — — — —

Vsen (MIN)
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Figure 21: Definition of Differential AC-Swing and 'DVAC

tDVAC
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VioFFpc) MAX 71—~~~ =~~~ 7\~~~ — — — —

VibirF(MAX) + - - - - — - - — - -4 - -\ - — — — S

ViwiFFAc) MAX - - - ----—-—-—-———4-—"—--X -~} —-~———————

half cycle tDVAC

Table 26: Allowed Time Before Ringback (!DVAC) for CK - CK# and DQS - DQS#
Below VIL(AC)

'DVAC (ps) at |VIHDIFF(AC)/VILDIFF(AC)|

Slew Rate (V/ns) 350mV 300mV
>4.0 75 175
4.0 57 170
3.0 50 167
2.0 38 163
1.9 34 162
1.6 29 161
1.4 22 159
1.2 13 155
1.0 0 150
<1.0 0 150
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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 VREF and the first crossing of VIH(AC) MIN. Setup (‘IS and
'DS) nominal slew rate for a falling signalis defined as the slew rate between the last
crossing of VREF and the first crossing of VIL(AC) MAX (see Figure 22 on page 47).

Hold (IH and 'DH) 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. Hold (‘IH and
'DH) nominal slew rate for a falling signalis defined as the slew rate between the last
crossing of VIH(DC) MIN and the first crossing of VREF (see Figure 22 on page 47).

Table 27: Single-Ended Input Slew Rate Definition

Input Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
Setup Rising VREF ViH(AC) MIN ViH(Ac) MIN - Vrer
ATRS
Falling VREF ViL(ac) MAX Vrer - ViL(ac) MAX
ATFS
Hold Rising ViL(bc) MAX VREF Ve - ViL(oc) MAX
ATFH
Falling ViH(DC) MIN VREF Vin(oc) MIN - Vrer
ATRSH
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Figure 22: Nominal Slew Rate Definition for Single-Ended Input Signals
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Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and
measured, as shown in Table 28 and Figure 23. The nominal slew rate for a rising signalis
defined as the slew rate between VIL(DIFF) MAX and VIH(DIFF) MIN. The nominal slew
rate for a falling signal is defined as the slew rate between VIH(DIFF) MIN and

VIL(DIFF) MAX.

Table 28: Differential Input Slew Rate Definition

Differential Input
Slew Rates (Linear
Signals) Measured
Input Edge From To Calculation
CKand DQS RISIng V|L(D|FF) MAX V|H(D|FF) MIN VIH(DIFF) MIN - VIL(DIFF) MAX
reference ATR(OM)
Falling VIH(DIFF) MIN VIL(DIFF) MAX Vik(oiFe) MIN - ViL(oire) MAX
ATH(DIFF)

Figure 23: Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#

ViH(oiFF) MIN

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

ViL(oirF) MAX
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ODT Characteristics

ODT effective resistance RTT is defined by MR1[9, 6, and 2]. ODT is applied to the DQ,
DM, DQS, DQS#, and TDQS, TDQS# balls (x8 devices only). The ODT target values are
listed in Table 29 and Table 30 on page 50. Afunctional representation of the ODT is
shown in Figure 24. The individual pull-up and pull-down resistors (RTTpyy and RTTpp)
are defined as follows:

* RTTpy =(VDDQ - VOUT)/|IoUT|, under the condition that RTTpp is turned off

* RTTpp = (VOUT)/ [IOUT|, under the condition that RTTpy; is turned off

Figure 24: ODT Levels and I-V Characteristics

Chip in termination mode

___°or ___
: 1‘ VobQ
| ilpu !
! : louT = lpp - lpy
|
To 1| |Rmay :
other ! |
circuitry : —o DQ
such as | I lout
RCV, . .. I
: RrTep I Vout
|
: iIPD I
| |
T VsQ

Table 29: On-Die Termination DC Electrical Characteristics

Parameter/Condition Symbol Min Nom Max Units | Notes
RTT effective impedance RTT_EFF See Table 30 on page 50 1,2
Deviation of VM with respect to VDDQ/2 AVM 5 | | 45 % [1,23

Notes: 1. Tolerance limitsare applicable after proper ZQ calibration hasbeen performed at a stable
temperature and voltage (VbDQ = VDD, VSQ = Vss). Refer to "ODT Sensitivity" on page 50 if
either the temperature or voltage changes after calibration.

2. Measurement definition for RTT: Apply VIH(AC) to pin under test and measure current
I[VIH(AC)], then apply VIL(AC) to pin under test and measure current I[VIL(AC)]:

_ VIH(AC) — VIL(AC)
Rrr = [I(VIH(AC))-I(VIL(AC))|

3. Measure voltage (VM) at the tested pin with no load:

2xVM
VDDQ

AVM = ( ]) x 100

ODT Resistors

Table 30 on page 50 provides an overview of the ODT DC electrical characteristics. The
values provided are not specification requirements; however, they can be used as design
guidelines to indicate what RTT is targeted to provide:

* RTT 120Q2is made up of RTT59ppo4g and RTT 50py240
* RTT60Qis made up of RTTgpppi20 and RTTgupy120

* RTT40Qis made up of RTT49ppgo and RTT4ppusgo

* RTT30Qis made up of RTT3gppgo and RTIT3ppygo

* RTT20Qis made up of RTTygppypand RTTygpy49
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ODT Characteristics

Table 30: RrtT Effective Impedances

MR1
[9, 6, 2] Rt Resistor Vout Min Nom Max Units
0,1,0 120Q RTT120PD240 0.2 x VDDQ 0.6 1.0 1.1 RzQ/
0.5 x VDDQ 0.9 1.0 1.1 RzQ/
0.8 x VDDQ 0.9 1.0 1.4 RzQN
RTT120PU240 0.2 x VDDQ 0.9 1.0 1.4 RzQ/
0.5 x VDDQ 0.9 1.0 1.1 RzQ/
0.8 x VDDQ 0.6 1.0 1.1 RzQ/N
120Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/2
0,0, 1 600 RMTs0PD120 0.2 x VDDQ 0.6 1.0 1.1 RzQ/2
0.5 x VDDQ 0.9 1.0 1.1 RzQ/2
0.8 x VDDQ 0.9 1.0 1.4 RzQ/2
RMTe0PU120 0.2 x VDDQ 0.9 1.0 1.4 RzQ/2
0.5 x VDDQ 0.9 1.0 1.1 RzQ/2
0.8 x VDDQ 0.6 1.0 1.1 RzQ/2
600 VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/4
0,1,1 400 RTT40pD80 0.2 x VDDQ 0.6 1.0 1.1 RzQ/3
0.5 x VDDQ 0.9 1.0 1.1 RzQ/3
0.8 x VDDQ 0.9 1.0 1.4 RzQ/3
RTT40pUs80 0.2 x VDDQ 0.9 1.0 1.4 RzQ/3
0.5 x VDDQ 0.9 1.0 1.1 RzQ/3
0.8 x VDDQ 0.6 1.0 1.1 RzQ/3
40Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/6
1,0, 1 30Q RTT30prD60 0.2 x VDDQ 0.6 1.0 1.1 RzQ/4
0.5 x VDDQ 0.9 1.0 1.1 RzQ/4
0.8 x VDDQ 0.9 1.0 1.4 RzQ/4
RTT30pus0 0.2 x VDDQ 0.9 1.0 1.4 RzQ/4
0.5 x VDDQ 0.9 1.0 1.1 RzQ/4
0.8 x VDDQ 0.6 1.0 1.1 RzQ/4
300 VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/8
1,0,0 200 RTTo0pD40 0.2 x VDDQ 0.6 1.0 1.1 RZQ/6
0.5 x VDDQ 0.9 1.0 1.1 RzQ/6
0.8 x VDDQ 0.9 1.0 1.4 RzQ/6
RTTo0pu40 0.2 x VDDQ 0.9 1.0 1.4 RzZQ/6
0.5 x VDDQ 0.9 1.0 1.1 RzQ/6
0.8 x VDDQ 0.6 1.0 1.1 RzQ/6
20Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/12

Notes: 1. Valuesassume an RZQ of 240Q2 (1 percent).
ODT Sensitivity

Ifeither the temperature or voltage changes after I/ O calibration, the tolerance limits
listed in Table 29 on page 49 and Table 30 can be expected to widen according to
Tables 31 and 32 on page 51.
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Table 31: ODT Sensitivity Definition

Symbol Min Max Units

RTT 0.9 - dRTTdT x |DT| - dRTTdV x [DV] 1.6 + dRTTdT x [DT|