Aicron

512Mb: x4, x8, x16 DDR SDRAM

Features
Double Data Rate (DDR) SDRAM
MT46V128M4 —-32 Meg x 4 x 4 banks
MT46V64M8 —16 Meg x 8 x 4 banks
MT46V32M16 —8 Meg x 16 x 4 banks
Features Options Marking
* VDD =+2.5V0.2V, VDDQ = +2.5V £0.2V « Configuration
* VDD =+2.6V 0.1V, VDDQ = +2.6V 0.1V (DDR400) — 128 Meg x4 (32 Meg x4 x4 banks) 128M4
* Bidirectional data strobe (DQS) transmitted/ — 64 Megx 8 (16 Meg x 8 x4 banks) 64M8
received with data, i.e., source-synchronous data - 32Megx 16 (8 Meg x 16 x4 banks) 32M16
capture (x16 has two —one per byte) * Plastic package
e Internal, pipelined double-data-rate (DDR) — 66-pin TSOP TG
architecture; two data accesses per clock cycle = 66-pin TSOP (Pb-free) P
« Differential clock inputs (CK and CK#) = 60-ball FBGA (10mm x 12.5mm) FN
.- — 60-ball FBGA (10mm x 12.5mm) (Pb-free) BN
* Commands entered on each positive CKedge e Timine — cvele time
. ) g—cy
* DQSedge-aligned with data for READs; center- - 5ns @CL =3 (DDR400B) _5B
aligned with data for WRITEs - 6ns @CL=2.5 (DDR333) (FBGAonly) -6
* DLLto align DQ and DQS transitions with CK - 6ns @CL=2.5 (DDR333) (TSOP only) -6T
* Fourinternal banks for concurrent operation — 7.5ns @CL =2 (DDR266) -75E!
* Data mask (DM) for masking write data - 7.5ns @CL =2 (DDR266A) 757!
(x16 has two —one per byte) — 7.5ns @CL=2.5 (DDR266B) -75!
* Programmable burst lengths: 2,4, or 8 * Selfrefresh
e Auto refresh — Standard None
— 64ms, 8192-cycle(Commercial and industrial) — Low-power sel.frefresh L
— 16ms, 8192-cycle (Automotive) * Temperature; rating
* Selfrefresh (not available on AT devices) B Comme.rcml (0°C to +70°C) None
. T — Industrial (-40°C to +85°C) IT
* Longer-lead TSOP for improved reliability (OCPL) — Automotive (—40°C to +105°C) AT
* 2.5VI/O (SSTL_2 compatible) « Revision
e Concurrent auto precharge option is supported - x4, x8 D!
+ 'RAS lockout supported (‘RAP = 'RCD) - x4, x8,x16 :F

Notes: 1. End oflife.

Table 1: Key Timing Parameters
CL = CAS(READ) latency; data-out window isMIN clock rate with 50% duty cycleat CL=2,CL=2.5,0or CL=3
Clock Rate (MHz)

Speed Data-Out Access DQS-DQ

Grade CL= CL=2.5 CL=3 Window Window Skew
-5B 133 167 200 1.6ns +0.70ns +0.40ns
-6 133 167 n/a 2.1ns +0.70ns +0.40ns
6T 133 167 n/a 2.0ns 1+0.70ns +0.45ns
-75E/-75Z 133 133 n/a 2.5ns +0.75ns +0.50ns
-75 100 133 n/a 2.5ns +0.75ns +0.50ns
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° 512Mb: x4, x8, x16 DDR SDRAM
(.EZI C ron Features

Table 2: Addressing

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

Row address 8K (A0-A12) 8K (A0-A12) 8K (A0-A12)
Bank address 4 (BAO, BA1) 4 (BAO, BA1) 4 (BAO, BA1)
Column address 4K (A0-A9, A11, A12) 2K (A0-A9, A11) 1K (A0-A9)

Table 3: Speed Grade Compatibility

Marking |PC3200 (3-3-3) | PC2700 (2.5-3-3) | PC2100 (2-2-2) | PC2100 (2-3-3) | PC2100 (2.5-3-3) | PC1600 (2-2-2)

-5B! Yes Yes Yes Yes Yes Yes
-6 - Yes Yes Yes Yes Yes
6T - Yes Yes Yes Yes Yes
-75E - - Yes Yes Yes Yes
-75Z - - - Yes Yes Yes
-75 - - - - Yes Yes
-5B -6/-6T -75E -752 -75 -75

Notes: 1. The -5B device isbackward compatible with all sower speed grades. The voltage range of
-5B device operating at slower speed gradesis VDD = VDDQ = 2.5V * 0.2V.

Figure 1: 512Mb DDR SDRAM Part Numbers

Example Part Number: MT46V32M16P-6T:F

’ MT46V Configuration ‘Package‘ Seed ‘g’))‘ Temp.‘Revision

‘ Revision
x4, x8
:D| x4, x8, x16
:F
Configuration
128 Meg x4 | 128M4 Operating Temp
64 Meg x 8 64M8 Commerdial
32 Meg x 16 | 32M 16 T Industrial
AT | Automotive
Package
400-mil TSOP TG Special Options
400-mil TSOP (Pb-free) P Standard
10mm x 12.5mm FBGA N L | Low power
10mm x 12.5mm FBGA (Pb-free) | BN

Speed Grade

58 | 'CK=5ns CL=3

6 | 'OK=6ns CL=25
6T | foK=6ns CL=25
756 | 'oK=7.5ns CL=2
752 | 'oK=7.5ns, CL=2
75 | 1ocK=75ns CL=25

FBGA Part Number System

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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Mcron State Diagram

State Diagram
Figure 2:  Simplified State Diagram

Power Power
—_—
applied on

PRE

Precharge
all banks

Idle
all banks
precharged

WRITEA

PRE PrE PRE
i

\ / Read A
Precharge
PRE | “rEALL )

- Automatic sequence

—— Command sequence
ACT = ACTIVE PRE = PRECHARGE
BST = BURST TERMINATE PREALL = PRECHARGE all banks
CKEH = Exit power-down READ A = READ with auto precharge
CKEL = Enter power-down REFA = AUTO REFRESH
EMR = Extended mode register REFS = Enter self refresh
LMR = LOAD MODE REGISTER REFSX = Exit self refresh
MR = Mode register WRITE A = WRITEwith auto precharge

Note: Thisdiagram representsoperationswithin a single bank only and doesnot capture concur-
rent operationsin other banks.
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512Mb: x4, x8, x16 DDR SDRAM
Functional Description
]

Functional Description

General Notes

The DDR SDRAM uses a double data rate architecture to achieve high-speed operation.
The double data rate architecture is essentially a 2n-prefetch architecture with an inter-
face designed to transfer two data words per clock cycle at the I/ O pins. Asingle read or
write access for the DDR SDRAM effectively consists of a single 2n-bit-wide, one-clock-
cycle data transfer at the internal DRAM core and two corresponding n-bit-wide, one-
half-clock-cycle data transfers at the I/O pins.

Abidirectional data strobe (DQS) is transmitted externally, along with data, for use in
data capture at the receiver. DQS is a strobe transmitted by the DDR SDRAM during
READs and by the memory controller during WRITEs. DQS is edge-aligned with data for
READs and center-aligned with data for WRITEs. The x16 offering has two data strobes,
one for the lower byte and one for the upper byte.

The DDR SDRAM operates from a differential clock (CKand CK#); the crossing of CK
going HIGH and CK# going LOW will be referred to as the positive edge of CK.
Commands (address and control signals) are registered at every positive edge of CK.
Input data is registered on both edges of DQS, and output data is referenced to both
edges of DQS, as well as to both edges of CK.

Read and write accesses to the DDR 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 ACTIVE command, which may then
be followed by a READ or WRITE command. The address bits registered coincident with
the ACTIVE command are used to select the bank and row to be accessed. The address
bits registered coincident with the READ or WRITE command are used to select the bank
and the starting column location for the burst access.

The DDR SDRAM provides for programmable READ or WRITE burst lengths of2, 4, or 8
locations. 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 SDR SDRAMs, the pipelined, multibank architecture of DDR SDRAMs
allows for concurrent operation, thereby providing high effective bandwidth by hiding
row precharge and activation time.

An auto refresh mode is provided, along with a power-saving power-down mode. All
inputs are compatible with the JEDEC standard for SSTL_2. All full-drive option outputs
are SSTL_2, Class Il compatible.

* The functionality and the timing specifications discussed in this data sheet are for the
DLL-enabled mode of 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. Additionally, the x16 is divided into two bytes, the lower byte and upper
byte. For the lower byte (DQO-DQ7) DM refers to LDM and DQS refers to LDQS. For
the upper byte (DQ8-DQ15) DM refers to UDM and DQS refers to UDQS.

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

* Any specific requirement takes precedence over a general statement.
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MCTOI‘T 512Mb: x4, x8, x16 DDR SDRAM

Functional Description

]
Automotive Tempature

The automotive temperature (AT) option adheres to the following specifications:

* 1l6ms refresh rate

* Selfrefresh not supported

* Ambient and case temperatures cannot be less than —40°C or greater than +105°C
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Functional Block Diagrams
]

Functional Block Diagrams

The 512Mb DDR SDRAM is a high-speed CMOS, dynamic random-access memory
containing 536,870,912 bits. It is internally configured as a 4-bank DRAM.

Figure 3: 128 Meg x 4 Functional Block Diagram
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Figure 4: 64 Meg x 8 Functional Block Diagram
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Figure 5: 32 Meg x 16 Functional Block Diagram
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Aicron

Figure 6: 66-Pin TSOP Pin Assignment (Top View)
x4 X8 x16
VoD VoD VoD
NF DQ0 DQO
VooQ  VooQ VobQ
NC NC DQft
DQO DQ1 DQ2
VssQ VssQ VsQ
NC NC DQ3
NF DQ2 DQ4
VooQ  VooQ VobQ
NC NC DQ5
DQ1 DQ3 DQ6
VssQ VssQ  VsQ
NC NC DQ7
NC NC NC
VooQ VooQ VobQ
NC NC LDQS
NC NC NC
VoD VoD VoD
DNU DNU DNU
NC NC LDM
WE# WE#f WE#
CAS# CASt CASH
RASt RASt RASH
Cs# CSt CsH
NC NC NC
BAO BAO BAO
BA1 BA1 BA1
A10/AP A10/AP A10/AP
A0 A0 A0
Al A1 A1l
A2 A2 A2
A3 A3 A3
VbD Vbbb VoD
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512Mb: x4, x8, x16 DDR SDRAM
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Pin and Ball Assignments and Descriptions
]

Pin and Ball Assighments and Descriptions

x16 x8 x4
Vss Vss Vss
DQ15 DQ7 NF
VsQ VsQ VsQ
DQ14 NC NC
DQ13 DQ6 DQ3
VobQ VooQ  VoboQ
DQ12 NC NC
DQ11 DQ5 NF
VsQ VsQ VssQ
DQ10 NC NC
DQ9 DQ4 DQ2
VopQ  VobQ  VooQ
DQ8 NC NC
NC NC NC
VsQ VssQ VsQ
ubQS DQS DQS
DNU DNU DNU
VREF VREF VREF
Vss Vss Vss
UDM DM DM
CK# CK# CK#
CK CK CK
CKE CKE CKE
NC NC NC
Al12 A12 Al12
Al A1 Al
A9 A9 A9
A8 A8 A8
A7 A7 A7
A6 A6 A6
A5 A5 A5
A4 A4 A4
Vss Vss Vss
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(pﬁlcrorf 512Mb: x4, x8, x16 DDR SDRAM

Pin and Ball Assignments and Descriptions

Figure 7: 60-Ball FBGA Ball Assignment (Top View)

x4 (Top View)

1 2 3 4 5 6 7 8 9

VssQ | NF Vss A VbD NF |VbbQ
NC |[VbobQ | DQ3 B DQO [VssQ | NC
NC [VsQ | NF c NF [VbbQ| NC
NC [VbbQ | DQ2 D DQ1 | VssQ | NC
NC | VsQ | DQS E NC |VbbQ | NC
VRer | Vss | DM F NC [ Vbb | DNU

CK | CK# G WE# | CASH

A12 | CKE H RASH | CSH

All A9 J BA1 | BAO

A8 A7 K A0 | A10

A6 A5 L A2 A1

A4 Vss M VDD A3

x8 (Top View)

1 2 3 4 5 6 7 8 9
VsQ | DQ7 | Vss A Vop | DQO [VobbQ
NC |[VbbQ | DQ6 B DQ1 [ VssQ | NC
NC | VsQ [ DQ5 c DQ2 |VbpQ | NC
NC |VopQ | DQ4 D DQ3 [VssQ | NC
NC | VsQ | DQS E NC |VopQ | NC
VRer | Vss | DM F NC | Vbb [ DNU

CK | CK# G WE# | CASH

A12 | CKE H RASH | CSH

A1l A9 J BA1 [ BAO

A8 A7 K A0 | A10

A6 A5 L A2 A1

A4 Vss M Vob | A3

x16 (Top View)
1 2 3 4 5 6 7 8 9

VsQ [DQ15| Vss A Vob | DQO [VbbQ

DQ14 [VobQ [DQ13 B DQ2 | VsxQ | DQ1
DQ12| VsQ [DQ11 c DQ4 |VvbbQ | DQ3
DQ10|VobQ | DQY D DQ6 | VsQ | DQ5
DQ8 | VsxQ [UDQS E LDQS|VopQ | DQ7
VRer | Vss |UDM F LDM | Vbb | DNU
CK | CK# G WE# | CASH
A12 | CKE H RASH | CS#
Al A9 J BA1 | BAO
A8 A7 K AQ | A10
A6 A5 L A2 Al
A4 | Vss M Voo | A3
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512Mb: x4, x8, x16 DDR SDRAM
Pin and Ball Assignments and Descriptions
]

Table 4: Pin and Ball Descriptions
FBGA TSOP
Numbers | Numbers Symbol Type |Description
K7,L8, L7, | 29,30, 31, | A0, A1, A2, | Input | Addressinputs: Provide the row addressfor ACTIVEcommands, and the
M8,M2,L3, | 32, 35,36, | A3, A4, A5, column address and auto precharge bit (A10) for READ/WRITE
L2, K3, K2, | 37,38,39, | A6, A7, A8, commands, to select one location out of the memory array in the

J3, K8, 40, 28 A9, A10, respective bank. A10 sampled during a PRECHARGE command

J2, H2 41,42 A11, A12 determineswhether the PRECHARGE appliesto one bank (A10 LOW,
bank selected by BAO, BA1) or all banks (A10 HIGH). The addressinputs
also provide the op-code during a LOAD MODE REGISTER command.

J8, J7 26, 27 BAO, BA1 Input | Bank address inputs: BAO and BA1 define to which bank an ACTIVE,
READ, WRITE, or PRECHARGE command isbeing applied. BAO and BA1
also define which mode register (mode register or extended mode
register) isloaded during the LOAD MODE REGISTER (LM R) command.

G2, G3 45, 46 CK, CK# Input | Clock: CK and CK# are differential clock inputs. All address and control
input signalsare sampled on the crossing of the positive edge of CK and
negative edge of CK#. Output data (DQ and DQS) isreferenced to the
crossings of CK and CK#.

H3 44 CKE Input | Clock enable: CKEHIGH activatesand CKELOW deactivatesthe internal
clock, input buffers, and output drivers. Taking CKE LOW provides
PRECHARGE POWER-DOWN and SELF REFRESH operations (all banks
idle), or ACTIVE POWER-DOWN (row ACTIVEin any bank). CKEis
synchronous for POWER-DOWN entry and exit, and for SELF REFRESH
entry. CKEisasynchronousfor SELF REFRESH exit and for disabling the
outputs. CKE must be maintained HIGH throughout read and write
accesses. Input buffers (excluding CK, CK#, and CKE) are disabled during
POWER-DOWN. Input buffers (excluding CKE) are disabled during SELF
REFRESH. CKE isan SSTL_2 input but will detect an LVCMOSLOW level
after Vob isapplied and until CKEisfirst brought HIGH, after which it
becomesa SSTL_2 input only.

H8 24 CSH 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 bank selection on systemswith
multiple banks. CS# isconsidered part of the command code.

F3 47 DM Input |Input data mask: DM isan input mask signal for write data. Input data

F7, F3 20,47 LDM, UDM ismasked when DM issampled HIGH along with that input data during a
write access. DM issampled on both edgesof DQS Although DM pinsare
input-only, the DM loading isdesigned to match that of DQ and DQS
pins. For the x16, LDM is DM for DQO-DQ7 and UDM is DM for DQ8-
DQ15. Pin 20 isa NC on x4 and x8.

H7, G8, 23, 22, RASH#, CASH, | Input |Command inputs: RASt, CAS#, and WE# (along with CS#) define the

G7 21 WE# command being entered.

A8, B9, B?, 2,4,5, DQO-DQ2 /O | Data input/output: Data busfor x16.
Co,C7,D9, | 7,8,10, DQ3-DQ5
D7, E9, E1, | 11,13, 54, | DQ6-DQ8
D3, D1, C3, | 56, 57,59, | DQ9-DQ11
C1,B3, B1, | 60, 62,63, | DQ12-DQ14
A2 65 DQ15
A8, B7, C7, 2,5,8, DQO-DQ2 /O | Data input/output: Data busfor x8.
D7,D3,C3, | 11,56,59, | DQ3-DQ5
B3, A2 62, 65 DQe6, DQ7
B7,D7,D3, | 5,11, 56, DQO-DQ2 1/10 Data input/output: Data busfor x4.
B3 62 DQ3
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512Mb: x4, x8, x16 DDR SDRAM
Pin and Ball Assignments and Descriptions
]

Table 4: Pin and Ball Descriptions (continued)
FBGA TSOP
Numbers | Numbers Symbol Type |Description
E3 51 DQS /O | Data strobe: Output with read data, input with write data. DQSisedge-
E7 16 LDQS aligned with read data, centered in write data. It isused to capture data.
E3 51 uDQS For the x16, LDQSis DQSfor DQ0-DQ7 and UDQSis DQSfor DQ8-DQ15.
Pin 16 (E7) isNCon x4 and x8.
F8, M7,A7 | 1,18,33 VbD Supply | Power supply: +2.5V +0.2V. (+2.6V £0.1V for DDR400).
B2, D2, C8, | 3,9, 15, 55, VbopQ Supply | DQ power supply: +2.5V +0.2V (+2.6V 0.1V for DDR400). Isolated on
E8, A9 61 the die for improved noise immunity.
Fi1 49 VREF Supply | SSTL_2 reference voltage.
A3, F2, M3 | 34,48, 66 Vss Supply | Ground.
A1,C2,E2, | 6,12,52, VsQ Supply | DQ ground: Isolated on the die for improved noise immunity.
B8, D8 58, 64
- 14,17, 25, NC - No connect for x16: These pinsshould be left unconnected.
43, 53
B1, B9, C1, 4,7,10, NC - No connect for x8: These pinsshould be left unconnected.
C9,D1,D9, | 13, 14, 16,
E1, E7, B9, | 17, 20, 25,
F7 43, 53, 54,
57, 60, 63
B1, B9, C1, |4,7,10,13, NC - No connect for x4: These pinsshould be left unconnected.
C9,D1,D9, | 14,16,17,
E1, E7, B9, | 20, 25, 43,
F7 53, 54, 57,
60, 63
A2,A8,C3, | 2, 8,59, 65 NF - No function for x4: These pinsshould be left unconnected.
(074
Fo 19, 50 DNU - Do not use: Must float to minimize noise on VRer
Table 5: Reserved NC Pin and Ball Descriptions
NCpinsnot listed may also be reserved for other uses; thistable defines NC pins of importance
TSOP
Numbers Symbol Type Description
17 A13 Input Addressinput A13 for 1Gb devices.
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Package Dimensions

Package Dimensions
Figure 8: 66-Pin Plastic TSOP (400 mil)

- 2024008 —— SEEDETAILA
-«— 0.71
—m | |--— 0.65 TYP
— - | -«— 0.10 (2X)
Auk 0.32+.075 TYP
‘ ‘HHHHHHHHHH A688B8H88HH88H8B88H6H T ’\ - \1
/
N o 11.76 £0.20 i
\ \ |
10.16 +0.08
O L/
HbﬁtﬁjHH‘:FHHHHHHHHHHHHHHHHHHHHHHHH =
PIN #1 1D 0.15+0:03
©7-0.02 GAGE PLANE

#

J‘ 2o10] | — ~— 0.80 TYP

— -«+— 0.50 +£0.10

1.20 MAX

DETAILA

Notes: 1. All dimensionsare in millimeters.
2. Package width and length do not include mold protrusion; allowable mold protrusion is
0.25mm per side.
3. Not all packageswill have the half moon shaped notches as shown.
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Package Dimensions
]

Figure 9: 60-Ball FBGA (10mm x 12.5mm)

( 0.85 +0.05

SOLDER BALL MATERIAL:
62% Sn, 36% Pb, 2% Ag OR
96.5% S, 3% Ag, 0.5% Cu
SOLDERBALL PAD: @ .33

—~ 640 NON SOLDERMASK DEFINED
60X .45 SUBSTRATE: PLASTIC LAMINATE
SOLDER BALL DIAMETER 0.80 (TYP) —o—y  |—e— BALL AT MOLD COMPOUND: EPOXY NOVOLAC
REFERSTO POST REFLOW 1.80 [~=—+ TV
CONDITION. THE PRE-REFLOW CTR e
DIAMETERIS@ 0.40. ml T Z N N
— v ee| | |00® 100 /g
/@@@ BEXX Lt BALL#1 D] =]
BALLAS " soe| | |000® #
00| | |0ooeo—|—1 6252005
OO } OOO——
11.00 ,,,,,,Qg% {77226374%#7———
60| oo 12,50 +0.10
5.50 +0.05 00| I |00
X ; X
oe|  |oo
o0 | | |ee
&
— — —
3.200.05 5.00 +0.05
1.20 MAX
| 10.00 +0.10— =

Notes: 1. All dimensionsare in millimeters.
2. Topside part marking decoder can be found on Micron’s Web site.
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Electrical Specifications —IDD
]

Electrical Specifications —IDD

Table 6: IDD Specifications and Conditions (x4, x8)
VbDQ = +2.6V 0.1V, VDD = +2.6V 0.1V (-5B); VDDQ = +2.5V +0.2V, VDD = +2.5V +0.2V (-6, -6T, -75E, -75Z, -75);
0°C < Tp < +70°C; Notes: 1-5, 11, 13, 15, 47; Notes appear on pages 35-40; See also Table 8 on page 17

Parameter/Condition Symbol [-5B|-6/6T|-75E|-752/-75 | Units Notes

Operating one-bank active-precharge current: Ipb0 155| 130 | 130 115 mA 23,48
'RC = 'RC (MIN); 'CK = 'CK (MIN); DQ, DM, and DQSinputs
changing once per clock cycle; Address and control inputs

changing once every two clock cycles

Operating one-bank active-read-precharge current: IDD1 185| 160 | 160 145 mA 23, 48
Burst = 4; 'RC = 'RC (MIN); 'CK = ICK (MIN); louT = OmA;

Address and control inputs changing once per clock cycle

Precharge power-down standby current: All banksidle; IDD2P 5 5 5 5 mA 24,33
Power-down mode; 'CK = {CK (MIN); CKE = (LOW)
Idle standby current: CS# = HIGH; All banks are idle; Ipb2F | 55 | 45 45 40 mA 51

'CK = 'CK (MIN); CKE = HIGH; Address and other control
inputschanging once per clock cycle; VIN = VRerfor DQ, DQS

and DM

Active power-down standby current: One bank active; Iop3P | 45| 35 35 30 mA 24,33
Power-down mode; 'CK = {CK (MIN); CKE = LOW

Active standby current: CS# = HIGH; CKE = HIGH; One bank IDb3N 60 | 50 50 45 mA 23

active; 'RC = 'RAS (MAX); tCK = {CK (MIN); DQ, DM, and DQS
inputschanging twice per clock cycle; Address and other
control inputschanging once per clock cycle

Operating burst read current: Burst = 2; Continuousburst | IbD4R |190| 165 | 165 145 mA 23,48
reads; One bank active; Addressand control inputschanging
once per clock cydle; 'CK = 'CK (MIN); louT = OmA
Operating burst write current: Burst = 2; Continuousburst Iop4W |195| 175 | 155 135 mA 23
writes; One bank active; Address and control inputs changing
once per clock cycle; 'CK = 'CK (MIN); DQ, DM, and DQSinputs
changing twice per clock cycle

Auto refresh burst current: 'RFC = 'RFC (MIN) b5 |345] 290 | 290 | 280 mA 50
'RFC = 7.8us Ibb5A | 11| 10 | 10 10 mA 28, 50
'RFC = 1.95us (AT) | Ibp5A |16 | 15 | 15 15 mA 28, 50

Self refresh current: CKE< 0.2V Sandard IDD6 5 5 5 5 mA 12
Low power (L) IDDBA 3 3 3 3 mA 12

Operating bank interleave read current: Four bank Ipb7 |450( 405 | 400 350 mA 23,49

interleaving READs (burst = 4) with auto precharge,

'RC = minimum 'RC allowed; 'CK = 'CK (MIN); Address and
control inputschange only during active READ or WRITE
commands
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Electrical Specifications —IDD
]

Table 7: IDD Specifications and Conditions (x16)
VoDQ = +2.6V 0.1V, VDD = +2.6V +0.1V (-5B); VDDQ = +2.5V £0.2V, VDD = +2.5V 0.2V (-6, -6T, -75E, -75Z, -75);
0°C < Tp < +70°C; Notes: 1-5, 11, 13, 15, 47; Notes appear on pages 35-40; See also Table 8 on page 17

Parameter/Condition Symbol [-5B|-6/6T|-75E| -75Z/-75 | Units | Notes

Operating one-bank active-precharge current: Ipb0 155| 130 | 130 115 mA 23,48
'RC = 'RC (MIN); 'K = 'CK (MIN); DQ, DM, and DQSinputs
changing once per clock cycle; Addressand control inputs

changing once every two clock cycles

Operating one-bank active-read-precharge current: IpD1 195| 160 | 160 145 mA 23,48
Burst = 4; 'RC = 'RC (MIN); 'CK = 'CK (MIN); louT = OmA;

Address and control inputs changing once per clock cycle

Precharge power-down standby current: All banksidle; IDD2P 5 5 5 5 mA 24,33
Power-down mode; 'CK = {CK (MIN); CKE = (LOW)
Idle standby current: CS# = HIGH; All banks are idle; IDD2F 55 | 45 45 40 mA 51

'CK = 'CK (MIN); CKE = HIGH; Address and other control
inputschanging once per clock cycle; VIN = VRerfor DQ, DQS,

and DM

Active power-down standby current: One bank active; Iop3P | 45 | 35 35 30 mA 24,33
Power-down mode; !CK = 'CK (MIN); CKE = LOW

Active standby current: CS# = HIGH; CKE = HIGH; One bank | IbD3N | 60 | 50 50 45 mA 23

active; 'RC = 'RAS(MAX); 'CK = ICK (MIN); DQ, DM, and DQS
inputschanging twice per clock cycle; Address and other
control inputschanging once per clock cycle

Operating burst read current: Burst = 2; Continuous Ibp4R (210 165 | 165 145 mA 23, 48
burst reads; One bank active; Address and control inputs
changing once per clock cycle; 'CK = 'CK (MIN); louT = OmA
Operating burst write current: Burst = 2; Continuousburst | Ibb4W |215| 195 | 160 135 mA 23
writes; One bank active; Addressand control inputschanging
once per clock cycle; 'CK = 'CK (MIN); DQ, DM, and DQSinputs
changing twice per clock cycle

Auto refresh burst current: 'RFC = 'RFC (MIN) Iop5 [345] 290 | 290 | 280 mA 50
'RFC = 7.8ps IDD5A 11| 10 10 10 mA 28, 50
'RFC = 1.95ps (AT) IDD5A 16 | 15 15 15 mA 28, 50

Self refresh current: CKE< 0.2V Sandard IDD6 6 5 5 5 mA 12
Low power (L) IDDBA 4 3 3 3 mA 12

Operating bank interleave read current: Four bank Ipb7  |480| 405 | 400 350 mA 23,49

interleaving READs (burst = 4) with auto precharge,

'RC = minimum 'RC allowed; 'CK = 'CK (MIN); Address and
control inputschange only during active READ or WRITE
commands
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© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Electrical Specifications —IDD
]

Table 8: IDD Test Cycle Times
Valuesreflect number of clock cyclesfor each test

Speed | Clock Cycle
IpD Test Grade Time 'RRD | 'RCD | 'RAS 'RP 'RC 'RFC 'REFI CL
Ibp0 -75/75Z 7.5ns n/a n/a 6 3 9 n/a n/a n/a
-75E 7.5ns n/a n/a 6 2 8 n/a n/a n/a
-6/-6T 6ns n/a n/a 7 3 10 n/a n/a n/a
-5B 5ns n/a n/a 8 3 11 n/a n/a n/a
Ibp1 -75 7.5ns n/a n/a 6 3 9 n/a n/a 2.5
-75Z 7.5ns n/a n/a 6 3 9 n/a n/a 2
-75E 7.5ns n/a n/a 6 2 8 n/a n/a 2
-6/-6T 6ns n/a n/a 7 3 10 n/a n/a 25
-5B 5ns n/a n/a n/a n/a n/a n/a n/a 3
Iop4R -75 7.5ns n/a n/a n/a n/a n/a n/a n/a 25
-75Z 7.5ns n/a n/a n/a n/a n/a n/a n/a 2
-75E 7.5ns n/a n/a n/a n/a n/a n/a n/a 2
-6/-6T 6ns n/a n/a n/a n/a n/a n/a n/a 25
-5B 5ns n/a n/a n/a n/a n/a n/a n/a 3
Ibp4W -75 7.5ns n/a n/a n/a n/a n/a n/a n/a n/a
-75Z 7.5ns n/a n/a n/a n/a n/a n/a n/a n/a
-75E 7.5ns n/a n/a n/a n/a n/a n/a n/a n/a
-6/-6T 6ns n/a n/a n/a n/a n/a n/a n/a n/a
-5B 5ns n/a n/a n/a n/a n/a n/a n/a n/a
Ibp5 -75/75Z 7.5ns n/a n/a n/a n/a n/a 10 10 n/a
-75E 7.5ns n/a n/a n/a n/a n/a 9 9 n/a
-6/-6T 6ns n/a n/a n/a n/a n/a 12 12 n/a
-5B 5ns n/a n/a n/a n/a n/a 14 14 n/a
IDD5A -75/757Z 7.5ns n/a n/a n/a n/a n/a 10 1,029 n/a
-75E 7.5ns n/a n/a n/a n/a n/a 10 1,029 n/a
-6/-6T 6ns n/a n/a n/a n/a n/a 12 1,288 n/a
-5B 5ns n/a n/a n/a n/a n/a 14 1,546 n/a
Ibp7 -75 7.5ns 2 3 n/a 3 10 n/a n/a 25
-75Z 7.5ns 2 3 n/a 3 10 n/a n/a 2
-75E 7.5ns 2 3 n/a 2 8 n/a n/a 2
-6/-6T 6ns 2 3 n/a 3 10 n/a n/a 2.5
-5B 5ns 2 3 n/a 3 11 n/a n/a 3
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Electrical Specifications-DC and AC

Stresses greater than those listed in Table 9 may cause permanent damage to the device.
This is a stress rating only, and functional operation ofthe device at these or any other
conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may

affect reliability.

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Table 9: Absolute Maximum Ratings

Parameter Min Max Units
VDD supply voltage relative to Vss -1V +3.6V \
VbDQ supply voltage relative to Vss -1V +3.6V \Y
VREF and inputsvoltage relative to Vss -1V +3.6V \Y
I/O pinsvoltage relative to Vss -0.5V VbbpQ + 0.5V Vv
Sorage temperature (plastic) 55 +150 °C
Short circuit output current - 50 mA

Table 10: DC Electrical Characteristics and Operating Conditions (-5B)

Notes: 1-5 and 17 apply to the entire table; Notesappear on page 35; VbbQ = +2.6V 0.1V, VDD = +2.6V £0.1V
Parameter/Condition Symbol Min Max Units Notes
Supply voltage VDD +2.5 +2.7 \ 37,42
I/0O supply voltage VDDQ +2.5 +2.7 Vv 37,42, 45
I/O reference voltage VREF 0.49 x VbDQ | 0.51 x VDDQ \ 7,45
I/O termination voltage (system) \an) VREF - 0.04 VREF + 0.04 \ 8, 45
Input high (logic 1) voltage VIH(DC) VREF + 0.15 VoD + 0.3 \ 29
Input low (logic 0) voltage ViL(DC) 0.3 VREF - 0.15 \ 29
Input leakage current: ] —2 +2 pHA
Any input OV < VIN < VDD, VREF pin OV < VIN £1.35V
(All other pinsnot under test = 0V)

Output leakage current: loz -5 +5 HA
(DQ are disabled; 0V < VouT < VbbQ)
Full-drive option output High current (Vout = IoH -16.8 - mA 38, 40
levels (x4, x8, x16): VobpQ - 0.373V, minimum

VRER, minimum VTT)

Low current (Vout = loL +16.8 - mA

0.373V, maximum VRer

maximum VTT)
Reduced-drive option High current (Vout = IOHR -9 - mA 39, 40
output levels: VopQ - 0.373V, minimum

VREF, minimum VTT)

Low current (VouT = IoLR +9 - mA

0.763V, maximum VRer

maximum VTT)
Ambient operating Commercial Ta 0 +70 °C
temperatures Industrial Ta —40 +85 °C

Automotive Ta —40 +105 °C
DR xéx6x16.Core?fm - S124b DDR Fev:N: Gore DDR v, 209 EN 18 o, e e O 1 5200 Mieran Toennaiogy. nc. Al rightareserued.
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Table 11:

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

DC Electrical Characteristics and Operating Conditions (-6, -6T, -75E, -75Z, -75)

Notes: 1-5, 17 apply to the entire table; Notes appear on page 35; VDDQ = +2.5V £0.2V, VDD = +2.5V +0.2V

Parameter/Condition Symbol Min Max Units Notes
Supply voltage VbD +2.3 +2.7 \ 37,42
I/O supply voltage VDDQ +2.3 +2.7 \ 37,42, 45
I/O reference voltage VREF 0.49 x VbbQ | 0.51 x VDDQ \ 7,45
I/O termination voltage (system) V1T VREF - 0.04 VREF + 0.04 \ 8,45
Input high (logic 1) voltage VIH(DC) VREF + 0.15 VoD + 0.3 \ 29
Input low (logic 0) voltage ViL(DC) -0.3 VREF-0.15 \ 29
Input leakage current: ] —2 +2 HA
Any input OV < VIN < VDD, VREF pin OV < VIN < 1.35V
(All other pinsnot under test = 0V)
Output leakage current: loz -5 +5 HA
(DQ are disabled; 0V < VouT < VbpQ)
Full-drive option output High current (Vout = IoH -16.8 - mA 38, 40
levels (x4, x8, x16): VopQ - 0.373V, minimum

VREF, minimum VTT)

Low current (Vourt = loL +16.8 - mA

0.373V, maximum VRer

maximum VTT)
Reduced-drive option High current (Vout = IOHR -9 - mA 39, 40
output levels: VobpQ - 0.763V, minimum

VRER, minimum VTT)

Low current (VouT = IoLR +9 - mA

0.763V, maximum VRer

maximum VTT)
Ambient operating Commercial Ta 0 +70 °C
temperatures Industrial Ta —40 +85 °C

Automotive Ta —40 +105 °C
Table 12: AC Input Operating Conditions

Notes: 1-5, 17 apply to the entire table; Notes appear on page 35;
0°C< Ty £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V (VDDQ = +2.6V +0.1V, VDD = +2.6V +0.1V for -5B)

Parameter/Condition Symbol Min Max Units Notes
Input high (logic 1) voltage VIH(AC) VREF + 0.310 - \' 15, 29, 41
Input low (logic 0) voltage VIL(AC) - VRErF- 0.310 \ 15, 29, 41
I/O reference voltage VREF(AC) | 0.49 x VDDQ | 0.51 x VDDQ \ 7
DR xéx6x15. Corezfm - 51201 DO Fev.N: Care DD Fev. B 2109 EN 19 o, e e O 1 5200 Mieran Toennaiogy. nc. Al rightareserued.
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Figure 10: Input Voltage Waveform

— VbpQ (2.3V MIN)

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

V — VIH(AC)

— ViH(pc)

<— Vrer+ AC noise
<— Vrer + DC error

<— VRer - DC error
<— VRer - AC noise

N\

— Vipc)

_—————— — VoH (MIN) (1.670V‘I for SSTL_2 termination)
b NSRRI | < System noise margin (power/ground,
BN AR < crosstalk, signal integrity attenuation)
2D, IPERSTLE — 1560V —
1.400V —
1.300V —
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— VssQ

Transmitter

Notes: 1. VOH (MIN) with test load is 1.927V.
2. VoL (MAX) with test load is0.373V.

— Vi(ac)

3. Numbersin diagram reflect nominal values utilizing circuit below for all devicesother than

-5B.
\ans
250
D o
25Q Reference
point
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MCTOIT 512Mb: x4, x8, x16 DDR SDRAM

Electrical Specifications—DC and AC

Table 13: Clock Input Operating Conditions
Notes: 1-5, 16, 17, 31 apply to the entire table; Notes appear on page 35;
0°C< Ty £ +70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V (VDDQ = +2.6V £0.1V, VDD = +2.6V +0.1V for -5B)

Parameter/Condition Symbol Min Max Units Notes
Clock input mid-point voltage: CK and CK# VMP(DC) 1.15 1.35 \" 7,10
Clock input voltage level: CK and CK# VIN(DC) -0.3 vbpQ + 0.3 \ 7
Clock input differential voltage: CK and CK# VID(DC) 0.36 vbpQ + 0.6 \ 7,9
Clock input differential voltage: CK and CK# VID(AC) 0.7 vbpQ + 0.6 \ 9
Clock input crossing point voltage: CK and CK# VIX(AC) 0.5 x VpDQ-0.2 | 0.5 x VDDQ + 0.2 \ 10
Figure 11: SSTL_2 Clock Input
280V —f-=----~-- """ - oo | Maximum dock level!
CKit
A
145V J-----Af-----------"---H - Yk
1.25V wirpa2 Vix(a9®  vio(oo* 6
VID(AC)
1.0V f-=---- K- - R l
____________________ Y
CK
-0.30V— — Minimum clock level

1. CK or CK# may not be more positive than VDDQ + 0.3V or more negative than Vss- 0.3V.
2. Thisprovidesa minimum of 1.15V to a maximum of 1.35V and isalways half of VDDQ.
3. CKand CK# must crossin thisregion.

4. CKand CK# must meet at least VID(DC) MIN when static and iscentered around VMP(DC).
5. CKand CK# must have a minimum 700mV peak-to-peak swing.

6. For ACoperation, all DC clock requirements must also be satisfied.

7. Numbersin diagram reflect nominal valuesfor all devicesother than -5B.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Table 14: Capacitance (x4, x8 TSOP)
Note: 14 appliesto the entire table; Notes appear on page 35
Parameter Symbol Min Max | Units Notes
Delta input/output capacitance: DQ0-DQ3 (x4), DQ0O-DQ7 (x8) DCio - 0.50 pF 25
Delta input capacitance: Command and address DCit - 0.50 pF 30
Delta input capacitance: CK, CK# DCi2 - 0.25 pF 30
Input/output capacitance: DQ, DQS DM Co 4.0 5.0 pF
Input capacitance: Command and address Cit 2.0 3.0 pF
Input capacitance: CK, CK# G2 2.0 3.0 pF
Input capacitance: CKE Gs 2.0 3.0 pF
Table 15: Capacitance (x4, x8 FBGA)
Note: 14 appliesto the entire table; Notes appear on page 35
Parameter Symbol Min Max | Units Notes
Delta input/output capacitance: DQ, DQS DM DCio - 0.50 pF 25
Delta input capacitance: Command and address DCit - 0.50 pF 30
Delta input capacitance: CK, CK# DCi2 - 0.25 pF 30
Input/output capacitance: DQ, DQS DM Co 3.5 4.5 pF
Input capacitance: Command and address Cit 1.5 25 pF
Input capacitance: CK, CK# G2 1.5 25 pF
Input capacitance: CKE Gs 1.5 25 pF
Table 16: Capacitance (x16 TSOP)
Note: 14 appliesto the entire table; Notes appear on page 35
Parameter Symbol Min Max | Units Notes
Delta input/output capacitance: DQ0-DQ7, LDQS LDM DCioL - 0.50 pF 25
Delta input/output capacitance: DQ8-DQ15, UDQS, UDM DCiou - 0.50 pF 25
Delta input capacitance: Command and address DCit - 0.50 pF 30
Delta input capacitance: CK, CK# DCi2 - 0.25 pF 30
Input/output capacitance: DQ, LDQS, UDQS, LDM, UDM Co 4.0 5.0 pF
Input capacitance: Command and address Cit 2.0 3.0 pF
Input capacitance: CK, CK# Ci2 2.0 3.0 pF
Input capacitance: CKE G 2.0 3.0 pF
Table 17: Capacitance (x16 FBGA)
Note: 14 appliesto the entire table; Notes appear on page 35
Parameter Symbol Min Max | Units Notes
Delta input/output capacitance: DQ0O-DQ7, LDQS, LDM DCioL - 0.50 pF 25
Delta input/output capacitance: DQ8-DQ15, UDQS, UDM DCiou - 0.50 pF 25
Delta input capacitance: Command and address DCi - 0.50 pF 30
Delta input capacitance: CK, CK# DCi2 - 0.25 pF 30
Input/output capacitance: DQ, LDQS UDQS, LDM, UDM Cio 3.5 4.5 pF
Input capacitance: Command and address Cit 1.5 25 pF
Input capacitance: CK, CK# G2 1.5 2.5 pF
Input capacitance: CKE Gs 1.5 25 pF
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© 512Mb: x4, x8, x16 DDR SDRAM
(.Eﬂlcron Electrical Specifications—DC and AC
]

Table 18: Electrical Characteristics and Recommended AC Operating Conditions (-5B)
Notes 16, 1618, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.6V £0.1V, VDD = +2.6V £0.1V

AC Characteristics -5B

Parameter Symbol Min Max Units Notes

Access window of DQ from CK/CK# 'AC -0.70 +0.70 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=3 ICK (3) 5 7.5 ns 52
CL=25 ICK (2.5) 6 13 ns 46, 52
CL=2 ICK (2) 7.5 13 ns 46, 52

CK low-level width 'cL 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.40 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Access window of DQSfrom CK/CK# 'DQSCK -0.60 +0.60 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQSL 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilelce - 0.40 ns 26, 27

WRITE command to first DQSlatching transition 'DQSS 0.72 1.28 tcK

DQ and DM input setup time relative to DQS DS 0.40 - ns 27,32

DQSfalling edge from CK rising —hold time 'DH 0.2 - teK

DQSfalling edge to CK rising — setup time DS 0.2 - teK

Half-clock period tHp tcH,lcL - ns 35

Data-out High-Zwindow from CK/CK# tHz - +0.70 ns 19, 43

Address and control input hold time (slew rate >0.5 V/ns) tIHF 0.60 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (slew rate >0.5 V/ns) tISF 0.60 - ns 15

Data-out Low-Zwindow from CK/CK# 1z -0.70 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 10 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.50 ns

ACTIVE-to-READ with auto precharge command 'RAP 15 - ns

ACTIVE-to-PRECHARGE command 'RAS 40 70,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 55 - ns

ACTIVE-to-READ or WRITE delay 'RCD 15 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA -~ 7.8 Hs 24

Average periodic refresh interval (Automotive) tF{EFIAT - 1.95 VLS 24

AUTO REFRESH command period 'RFC 70 - ns 50

PRECHARGE command period 'RP 15 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tex 44

DQSread postamble 'RPST 0.4 0.6 tex 44

ACTIVEbank ato ACTIVE bank b command 'RRD 10 - ns

Terminating voltage delay to VDD tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - teK

DQSwrite preamble setup time 'WPRES 0 - ns 21,22

DQSwrite postamble twpsT 0.4 0.6 tex 20
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Aicron

Table 18:

Notes 16, 1618, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.6V £0.1V, VDD = +2.6V £0.1V

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Electrical Characteristics and Recommended AC Operating Conditions (-5B) (continued)

AC Characteristics

-5B

Parameter Symbol Min Max Units Notes
Write recovery time 'WR 15 - ns

Internal WRITE-to-READ command delay 'WTR 2 - ek

Exit SELF REFRESH-to-non-READ command IXSNR 70 - ns

Exit SELF REFRESH-to-READ command 'XSRD 200 - teK

Data valid output window n/a 'QH - 'DaA ns 26
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Aicron

Table 19: Electrical Characteristics and Recommended AC Operating Conditions (-6)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V

AC Characteristics -6 (FBGA)

Parameter Symbol Min Max Units Notes

Accesswindow of DQ from CK/CK# 'AC -0.70 +0.70 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=25 ICK (2.5) 6 13 ns 46, 52
CL=2 ICK (2) 7.5 13 ns 46, 52

CK low-level width el 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.45 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Accesswindow of DQSfrom CK/CK# 'DQSCK 0.6 +0.6 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQS. 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilelce - 0.4 ns 26, 27

WRITE command to first DQSlatching transition 'DQSS 0.75 1.25 tcK

DQ and DM input setup time relative to DQS DS 0.45 - ns 27,32

DQSfalling edge from CK rising - hold time 'DH 0.2 - tcK

DQSfalling edge to CK rising - setup time DS 0.2 - teK

Half-clock period Hp ICH, - ns 35

oL

Data-out High-Zwindow from CK/CK# tHz - +0.7 ns 19, 43

Address and control input hold time (fast slew rate) tIHF 0.75 - ns

Address and control input hold time (slow slew rate) tIHS 0.8 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (fast slew rate) tISF 0.75 - ns

Address and control input setup time (slow slew rate) tl% 0.8 - ns 15

Data-out Low-Z window from CK/CK# 'Lz -0.7 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 12 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.50 ns

ACTIVE-to-READ with auto precharge command 'RAP 15 - ns

ACTIVE-to-PRECHARGE command 'RAS 42 70,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 60 - ns

ACTIVE-to-READ or WRITE delay 'RCD 15 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA -~ 7.8 Hs 24

Average periodic refresh interval (Automotive) tF{EFIAT - 1.95 VK 24

AUTO REFRESH command period 'RFC 72 - ns 50

PRECHARGE command period 'RP 15 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tex 44

DQSread postamble 'RPST 0.4 0.6 tex 44

ACTIVEbank ato ACTIVEbank b command 'RRD 12 - ns

Terminating voltage delay to Vss tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - tex
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MCTOIT 512Mb: x4, x8, x16 DDR SDRAM

Electrical Specifications—DC and AC

Table 19: Electrical Characteristics and Recommended AC Operating Conditions (-6) (continued)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.5V £0.2V, VDD = +2.5V £0.2V

AC Characteristics -6 (FBGA)

Parameter Symbol Min Max Units Notes
DQSwrite preamble setup time 'WPRES 0 - ns 21,22
DQSwrite postamble twPST 0.4 0.6 teK 20
Write recovery time 'WR 15 - ns

Internal WRITE-to-READ command delay 'WTR 1 - ek

Exit SELF REFRESH-to-non-READ command IXSNR 75 - ns

Exit SELF REFRESH-to-READ command 'XSRD 200 - teK

Data valid output window n/a 'QH - DA ns 26
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Aicron

Table 20: Electrical Characteristics and Recommended AC Operating Conditions (-6T)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V

AC Characteristics -6T (TSOP)

Parameter Symbol Min Max Units Notes

Accesswindow of DQ from CK/CK# 'AC -0.70 +0.70 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=25 ICK (2.5) 6 13 ns 46, 52
CL=2 ICK (2) 7.5 13 ns 46, 52

CK low-level width el 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.45 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Accesswindow of DQSfrom CK/CK# 'DQSCK 0.6 +0.6 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQS. 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilele - 0.45 ns 26, 27

WRITE command to first DQSlatching transition 'DQSS 0.75 1.25 tcK

DQ and DM input setup time relative to DQS DS 0.45 - ns 27,32

DQSfalling edge from CK rising - hold time 'DH 0.2 - tcK

DQSfalling edge to CK rising - setup time DS 0.2 - teK

Half-clock period Hp ICH, - ns 35

oL

Data-out High-Zwindow from CK/CK# tHz - +0.7 ns 19, 43

Address and control input hold time (fast slew rate) tIHF 0.75 - ns

Address and control input hold time (slow slew rate) tIHS 0.8 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (fast slew rate) tISF 0.75 - ns

Address and control input setup time (slow slew rate) tl% 0.8 - ns 15

Data-out Low-Z window from CK/CK# 'Lz -0.7 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 12 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.55 ns

ACTIVE-to-READ with auto precharge command 'RAP 15 - ns

ACTIVE-to-PRECHARGE command 'RAS 42 70,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 60 - ns

ACTIVE-to-READ or WRITE delay 'RCD 15 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA -~ 7.8 Hs 24

Average periodic refresh interval (Automotive) tF{EFIAT - 1.95 VK 24

AUTO REFRESH command period 'RFC 72 - ns 50

PRECHARGE command period 'RP 15 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tex 44

DQSread postamble 'RPST 0.4 0.6 tex 44

ACTIVEbank ato ACTIVEbank b command 'RRD 12 - ns

Terminating voltage delay to Vss tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - tex
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MCTOIT 512Mb: x4, x8, x16 DDR SDRAM

Electrical Specifications—DC and AC

Table 20: Electrical Characteristics and Recommended AC Operating Conditions (-6T) (continued)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.5V £0.2V, VDD = +2.5V £0.2V

AC Characteristics -6T (TSOP)

Parameter Symbol Min Max Units Notes
DQSwrite preamble setup time Y"WPRES 0 - ns 21,22
DQSwrite postamble twPST 0.4 0.6 teK 20
Write recovery time 'WR 15 - ns

Internal WRITE-to-READ command delay 'WTR 1 - ek

Exit SELF REFRESH-to-non-READ command IXSNR 75 - ns

Exit SELF REFRESH-to-READ command 'XSRD 200 - teK

Data valid output window n/a 'QH - DA ns 26
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Aicron

Table 21: Electrical Characteristics and Recommended AC Operating Conditions (-75E)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V

AC Characteristics -75E

Parameter Symbol Min Max Units Notes

Accesswindow of DQ from CK/CK# 'AC -0.75 +0.75 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=25 ICK (2.5) 7.5 13 ns 46, 52
CL=2 ICK (2) 7.5 13 ns 46, 52

CK low-level width el 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.5 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Accesswindow of DQSfrom CK/CK# 'DQSCK -0.75 +0.75 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQS. 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilelce - 0.5 ns 26, 27

WRITE command to first DQSlatching transition 'DQSS 0.75 1.25 tcK

DQ and DM input setup time relative to DQS DS 0.5 - ns 27, 32

DQSfalling edge from CK rising - hold time 'DH 0.2 - tcK

DQSfalling edge to CK rising - setup time DS 0.2 - teK

Half-clock period Hp ICH, - ns 35

oL

Data-out High-Zwindow from CK/CK# tHz - +0.75 ns 19, 43

Address and control input hold time (fast slew rate) tIHF 0.90 - ns

Address and control input hold time (slow slew rate) tIHS 1 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (fast slew rate) tISF 0.90 - ns

Address and control input setup time (slow slew rate) tl% 1 - ns 15

Data-out Low-Zwindow from CK/CK# t 7 -0.75 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 15 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.75 ns

ACTIVE-to-READ with auto precharge command 'RAP 15 - ns

ACTIVE-to-PRECHARGE command 'RAS 40 120,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 60 - ns

ACTIVE-to-READ or WRITE delay 'RCD 15 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA -~ 7.8 Hs 24

Average periodic refresh interval (Automotive) tF{EFIAT - 1.95 VK 24

AUTO REFRESH command period 'RFC 75 - ns 50

PRECHARGE command period 'RP 15 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tex 44

DQSread postamble 'RPST 0.4 0.6 tex 44

ACTIVEbank ato ACTIVEbank b command 'RRD 15 - ns

Terminating voltage delay to Vss tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - tex
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MCTOIT 512Mb: x4, x8, x16 DDR SDRAM

Electrical Specifications—DC and AC

Table 21: Electrical Characteristics and Recommended AC Operating Conditions (-75E) (continued)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.5V £0.2V, VDD = +2.5V £0.2V

AC Characteristics -75E

Parameter Symbol Min Max Units Notes
DQSwrite preamble setup time 'WPRES 0 - ns 21,22
DQSwrite postamble twPST 0.4 0.6 teK 20
Write recovery time 'WR 15 - ns

Internal WRITE-to-READ command delay 'WTR 1 - ek

Exit SELF REFRESH-to-non-READ command IXSNR 75 — ns

Exit SELF REFRESH-to-READ command 'XSRD 200 - teK

Data valid output window n/a 'QH - DA ns 26
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Aicron

Table 22: Electrical Characteristics and Recommended AC Operating Conditions (-752)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V

AC Characteristics -752

Parameter Symbol Min Max Units Notes

Accesswindow of DQ from CK/CK# 'AC -0.75 +0.75 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=25 ICK (2.5) 7.5 13 ns 46
CL=2 ICK (2) 7.5 13 ns 46

CK low-level width el 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.5 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Accesswindow of DQSfrom CK/CK# 'DQSCK -0.75 +0.75 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQS. 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilelce - 0.5 ns 26, 27

WRITE command-to-first DQSlatching transition 'DQSS 0.75 1.25 tcK

DQ and DM input setup time relative to DQS DS 0.5 - ns 27, 32

DQSfalling edge from CK rising —hold time 'DH 0.2 - teK

DQSfalling edge to CK rising — setup time DS 0.2 - teK

Half-clock period Hp tcH,lcL - ns 35

Data-out High-Zwindow from CK/CK# tHz - +0.75 ns 19, 43

Address and control input hold time (fast slew rate) tIHF 0.90 - ns

Address and control input hold time (slow slew rate) tIHS 1 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (fast slew rate) tISF 0.90 - ns

Address and control input setup time (slow slew rate) tl% 1 - ns 15

Data-out Low-Z window from CK/CK# t 7z -0.75 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 15 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.75 ns

ACTIVE-to-READ with auto precharge command 'RAP 20 - ns

ACTIVE-to-PRECHARGE command 'RAS 40 120,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 65 - ns

ACTIVE-to-READ or WRITE delay 'RCD 20 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA - 7.8 Hs 24

Average periodic refresh interval (Automotive) tFREFIAT - 1.95 VK 24

AUTO REFRESH command period 'RFC 75 - ns 50

PRECHARGE command period 'RP 20 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tex 44

DQSread postamble 'RPST 0.4 0.6 tex 44

ACTIVEbank ato ACTIVEbank b command 'RRD 15 - ns

Terminating voltage delay to VDD tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - tex

DQSwrite preamble setup time 'WPRES 0 - ns 21,22
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Table 22:

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC
]

Electrical Characteristics and Recommended AC Operating Conditions (-75Z) (continued)
Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

AC Characteristics -752

Parameter Symbol Min Max Units Notes
DQSwrite postamble 'WPST 0.4 0.6 teK 20
Write recovery time 'WR 15 - ns

Internal WRITE-to-READ command delay 'WTR 1 - ek

Exit SELF REFRESH-to-non-READ command IXSNR 75 — ns

Exit SELF REFRESH-to-READ command 'XSRD 200 - teK

Data valid output window n/a 'QH - DA ns 26
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Aicron

Table 23:

Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;
0°C < Tp £+70°C; VDDQ = +2.5V £0.2V, VDD = +2.5V £0.2V

Electrical Characteristics and Recommended AC Operating Conditions (-75)

AC Characteristics -75

Parameter Symbol Min Max Units Notes

Accesswindow of DQ from CK/CK# 'AC -0.75 +0.75 ns

CK high-level width 'CH 0.45 0.55 tcK 31

Clock cycle time CL=25 ICK (2.5) 7.5 13 ns 46
CL=2 ICK (2) 10 13 ns 46

CK low-level width el 0.45 0.55 'CK 31

DQ and DM input hold time relative to DQS 'DH 0.5 - ns 27,32

DQ and DM input pulse width (for each input) DIPW 1.75 - ns 32

Accesswindow of DQSfrom CK/CK# 'DQSCK -0.75 +0.75 ns

DQSinput high pulse width 'DQSH 0.35 - tcK

DQSinput low pulse width 'DQS. 0.35 - teK

DQS-DQ skew, DQSto last DQ valid, per group, per access hilelce - 0.5 ns 26, 27

WRITE command-to-first DQSlatching transition 'DQSS 0.75 1.25 tcK

DQ and DM input setup time relative to DQS DS 0.5 - ns 27, 32

DQSfalling edge from CK rising —hold time 'DH 0.2 - teK

DQSfalling edge to CK rising — setup time DS 0.2 - teK

Half-clock period Hp tcH,lcL - ns 35

Data-out High-Zwindow from CK/CK# tHz - +0.75 ns 19, 43

Address and control input hold time (fast slew rate) tIHF 0.90 - ns

Address and control input hold time (slow slew rate) tIHS 1 - ns 15

Address and control input pulse width (for each input) Ypw 2.2 - ns

Address and control input setup time (fast slew rate) tISF 0.90 - ns

Address and control input setup time (slow slew rate) tl% 1 - ns 15

Data-out Low-Z window from CK/CK# t 7z -0.75 - ns 19, 43

LOAD MODE REGISTER command cycle time 'MRD 15 - ns

DQ-DQShold, DQSto first DQ to go non-valid, per access tQH 'HP -'QHS -~ ns 26, 27

Data hold skew factor 'QHS - 0.75 ns

ACTIVE-to-READ with auto precharge command 'RAP 20 - ns

ACTIVE-to-PRECHARGE command 'RAS 40 120,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period 'RC 65 - ns

ACTIVE-to-READ or WRITE delay 'RCD 20 - ns

REFRESH-t0-REFRESH command interval 'REFC - 70.3 Hs 24

REFRESH-to-REFRESH command interval (Automotive) 'REFCAT - 17.55 ps 24

Average periodic refresh interval 'REFA - 7.8 Hs 24

Average periodic refresh interval (Automotive) tFREFIAT - 1.95 VK 24

AUTO REFRESH command period 'rC 75 - ns 50

PRECHARGE command period 'RP 20 -~ ns

DQSread preamble 'RPRE 0.9 1.1 tCK 44

DQSread postamble 'RPST 0.4 0.6 tCK 44

ACTIVE bank ato ACTIVEbank b command 'RRD 15 - ns

Terminating voltage delay to VDD tvTD 0 -~ ns

DQSwrite preamble 'WPRE 0.25 - tCK

DQSwrite preamble setup time 'WPRES 0 - ns 21,22
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Aicron

Table 23: Electrical Characteristics and Recommended AC Operating Conditions (-75) (continued)

Notes: 16, 16—18, 34 apply to the entire table; Notes appear on page 35;

0°C< Tp £ +70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V +0.2V
AC Characteristics -75
Parameter Symbol Min Max Units Notes
DQSwrite postamble tWPST 0.4 0.6 tCK 20
Write recovery time tWR 15 - ns
Internal WRITE-to-READ command delay 'WTR 1 - ek
Exit SELF REFRESH-to-non-READ command IXSNR 75 - ns
Exit SELF REFRESH-to-READ command 'XSRD 200 - 'CK
Data valid output window n/a 'QH - 'DaA ns 26
Table 24: Input Slew Rate Derating Values for Addresses and Commands

Note: 15 appliesto the entire table; Notes appear on page 35;

0°C<Tp £+70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V
Speed Slew Rate iIs YH Units
-75Z/-75E 0.500 V/ns 1.00 1 ns
-75Z/-75E 0.400 V/ns 1.05 1 ns
-75Z/-75E 0.300 V/ns 1.10 1 ns
Table 25: Input Slew Rate Derating Values for DQ, DQS, and DM

Note: 32 appliesto the entire table; Notes appear on page 35;

0°C < Tp < +70°C; VDDQ = +2.5V +0.2V, VDD = +2.5V 0.2V
Speed Slew Rate 'pDs 'DH Units
-75Z/-75E 0.500 V/ns 0.50 0.50 ns
-752Z/-75E 0.400 V/ns 0.55 0.55 ns
-75Z/-75E 0.300 V/ns 0.60 0.60 ns
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Notes

10.

11.

12.

13.

14.

15.

512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

. All voltages referenced to VSs.
. Tests for AC timing, IDD, and electrical AC and DC characteristics may be conducted

atnominal reference/supply voltage levels, but the related specifications and the
device operation are guaranteed for the full voltage range specified.

. Outputs (except for IDD measurements) measured with equivalent load:

VT
50Q
Output Reference
(Vour) point
l 30pF

. ACtiming and IDD tests may use a VIL-to-VIH swing of up to 1.5Vin the test environ-

ment,butinput timingis still referenced to VREF (or to the crossing point for CK/ CK#),
and parameter specifications are guaranteed for the specified AC input levels under
normal use conditions. The minimum slew rate for the input signals used to test the
device is 1 V/ns in the range between VIL(AC) and VIH(AC).

. The AC and DC input level specifications are as defined in the SSTL_2 standard (that

is, the receiver will effectively switch as a result of the signal crossing the AC input
level and will remain in that state as long as the signal does not ring back above
[below] the DC input LOW [HIGH] level).

. All speed grades are not offered on all densities. Refer to page 1 for availability.
. VREF is expected to equal VDDQ/2 of the transmitting device and to track variations in

the DClevel of the same. Peak-to-peak noise (noncommon mode) on VREF may not
exceed 2% ofthe DC value. Thus, from VDDQ/2, VREF is allowed £25mV for DC error
and an additional £25m V for AC noise. This measurement is to be taken at the nearest
VREF bypass capacitor.

. VITis not applied directly to the device. VITis a system supply for signal termination

resistors, it is expected to be set equal to VREF, and it must track variations in the DC
level of VREF.

. VID is the magnitude of the difference between the input level on CKand the input

level on CK#.

The value of Vixand VMP is expected to equal VDDQ/2 of the transmitting device and
must track variations in the DC level of the same.

IDD is dependent on output loading and cycle rates. Specified values are obtained
with minimum cycle times at CL=3 for -5B; CL=2.5,-6/-6T/-75;and CL=2,
-75E/-75Z speeds with the outputs open.

Enables on-chip refresh and address counters.

IDD specifications are tested after the device is properly initialized and is averaged at
the defined cycle rate.

This parameter is sampled. VDD =+2.5V 0.2V, VDDQ = +2.5V 0.2V, VREF = VSS,
f=100MHz, T, =25°C, VOUT(DC) = VDDQ/ 2, VOUT (peak-to-peak) =0.2V. DM input is
grouped with I/O pins, reflecting the fact that they are matched in loading.

For slew rates less than 1 V/ns and greater than or equalto 0.5 V/ns. If the slew rate is
less than 0.5 V/ns, timing must be derated: 'IS has an additional 50ps per each

100 m V/ns reduction in slew rate from the 500 m V/ns. 'TH has Ops added, that is, it
remains constant. Ifthe slew rate exceeds 4.5 V/ns, functionality is uncertain. For -5B,
-6, and -6T, slew rates must be greater than or equal to 0.5 V/ns.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

. The CK/CK# input reference level (for timing referenced to CK/ CK#) is the point at

which CKand CK# cross; the input reference level for signals other than CK/ CK# is

VREF.

Inputs are not recognized as valid until VREF stabilizes. Once initialized, including self

refresh mode, VREF must be powered within specified range. Exception: during the

period before VREF stabilizes, CKE < 0.3 x VDD is recognized as LOW.

The output timing reference level, as measured at the timing reference point (indi-

cated in Note 3), is VTT.

'HZ and 'LZ transitions occur in the same access time windows as data valid transi-

tions. These parameters are not referenced to a specific voltage level, but specify

when the device outputis no longer driving (High-Z) or begins driving (Low-Z).

The intent of the “Don’t Care” state after completion of the postamble is the DQS-

driven signal should either be HIGH, LOW, or High-Z, and that any signal transition

within the input switching region must follow valid input requirements. That is, if

DQS transitions HIGH (above VIH[DC] MIN) then it must not transition LOW (below

VIH[DC] prior to 'DQSH [MINT]).

This is not a device limit. The device will operate with a negative value, but system

performance could be degraded due to bus turnaround.

It isrecommended that DQS be valid (HIGH or LOW) on or before the WRITE com -

mand. The case shown (DQS going from High-Z to logic LOW) applies when no

WRITEs were previously in progress on the bus. If a previous WRITE was in progress,

DQS could be HIGH during this time, depending on 'DQSS.

MIN (‘RC or 'RFC) for IDD measurements is the smallest multiple of 'CKthat meets the

minimum absolute value for the respective parameter. 'RAS (MAX) for IDD measure-

ments is the largest multiple of 'CK that meets the maximum absolute value for ‘RAS.

The refresh period is 64ms (commerial and industrial) or 16ms (automotive). This

equates to an average refresh rate of 7.8125us (commercial and industrial) or 1.95us

(automotive). However, an AUTO REFRESH command must be asserted at least once

every 70.3us(commerial and industrial) or 17.55us (automotive); burst refreshing or

posting by the DRAM controller greater than 8 REFRESH cycles is not allowed.

The I/ O capacitance per DQS and DQ byte/ group will not differ by more than this

maximum amount for any given device.

The data valid window is derived by achieving other specifications: 'HP (\CK/2),

'DQSQ, and 'QH (‘QH ="'HP - 'QHS). The data valid window derates in direct propor-

tion to the clock duty cycle and a practical data valid window can be derived. The

clockis allowed a maximum duty cycle variation of45/55, because functionality is

uncertain when operating beyond a 45/55 ratio. The data valid window derating

curves are provided in Figure 12 on page 37 for duty cycles ranging between 50/ 50

and 45/55.

Referenced to each output group: x4 = DQS with DQ0-DQ3; x8 = DQS with DQ0-DQ7;

x16 =LDQS with DQ0-DQ7 and UDQS with DQ8-DQ15.

This limit is actually a nominal value and does not result in a fail value. CKE is HIGH

during the REFRESH command period (‘RFC [MIN]), else CKE is LOW (that is, during

standby).

. To maintain a valid level, the transitioning edge of the input must:

29a. Sustain a constant slew rate from the current AC level through to the target AC
level, VIL(AC) or VIH(AC).

29b. Reach at least the target AC level.

29c. After the AC target level is reached, continue to maintain at least the target DC
level, VIL(DC) or VIH(DC).
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Data Valid Window

32.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

The input capacitance per pin group will not differ by more than this maximum
amount for any given device.
CKand CK#input slew rate must be 21 V/ns (22 V/ns if measured differentially).

Derating Data Valid Window (!QH -'DQSQ)

—— 6T @tCK=7.5ns
& -75E/-75 @1CK = 7.5ns
3.0ns
> -6 @tCK=6ns
| &k 2.71 -6T @tCK = 6ns
—*— -5B@tCK =5ns
2.5ns _| 2.45
2 238
210 . 213
20ns | . 52 198 1,95 192
2.00 197 g 189 1.86 183
: 1.94 o1 S 1.80
188 1.85
1.82
1.79 176 o
: 170
1.5ns | 160 158
155 Fey X g
. 145 1.43 1.40
k 138 s
1.0ns : : : : : :
50/50 49/51 48/53 47/53 46/54 45/55
Clock Duty Cycle

DQ and DM input slew rates must not deviate from DQS by more than 10%. If the DQ/
DM/DQS slew rate is less than 0.5 V/ns, timing must be derated: 50ps must be added
to DS and 'DH for each 100 m V/ns reduction in slew rate. For -5B, -6, and

-6T speed grades, the slew rate must be 20.5 V/ns. If the slew rate exceeds 4 V/ns,
functionality is uncertain.

VDD must not vary more than 4% if CKE is not active while any bank is active.

The clockis allowed up to £150ps ofjitter. Each timing parameter is allowed to vary by
the same amount.

'HP (MIN) is the lesser of 'CL (MIN) and ‘CH (MIN) actually applied to the device CK
and CK# inputs, collectively, during bank active.

READs and WRITEs with auto precharge are not allowed to be issued until 'RAS (MIN)
can be satisfied prior to the internal PRECHARGE command being issued.

Any positive glitch must be less than 1/3 ofthe clock cycle and not more than +400mV
or 2.9V (+300mVor 2.9Vmaximum for -5B), whichever is less. Any negative glitch
must be less than 1/3 of the clock cycle and not exceed either -300m Vor 2.2V (2.4V for
-5B), whichever is more positive. The average cannot be below the +2.5V (2.6 V for -5B)
minimum.

Normal output drive curves:

38a. The full driver pull-down current variation from MIN to MAX process; tempera-

38b.

ture and voltage will lie within the outer bounding lines of the V-I curve of
Figure 13 on page 38.

The driver pull-down current variation, within nominal voltage and temperature
limits, is expected, but not guaranteed, to lie within the inner bounding lines of
the V-I curve of Figure 13 on page 38.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

The full driver pull-up current variation from MIN to MAX process; temperature
and voltage will lie within the outer bounding lines of the V-Icurve of Figure 14 on
page 38.

The driver pull-up current variation within nominal limits of voltage and temper-
ature is expected, but not guaranteed, to lie within the inner boundinglines of the
V-Icurve of Figure 14 on page 38.

The full ratio variation of MAX to MIN pull-up and pull-down current should be
between 0.71 and 1.4 for drain-to-source voltages from 0.1Vto 1.0V at the same
voltage and temperature.

The full ratio variation of the nominal pull-up to pull-down current should be
unity +10% for device drain-to-source voltages from 0.1Vto 1.0V.

Figure 13: Full Drive Pull-Down Characteristics
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Figure 14: Full Drive Pull-Up Characteristics
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39. Reduced output drive curves:

39a.

39b.

39c.

The full driver pull-down current variation from MIN to MAX process; tempera-
ture and voltage will lie within the outer bounding lines of the V-1 curve of
Figure 15 on page 39.

The driver pull-down current variation, within nominal voltage and temperature
limits, is expected, but not guaranteed, to lie within the inner bounding lines of
the V-I curve of Figure 15 on page 39.

The full driver pull-up current variation from MIN to MAX process; temperature
and voltage will lie within the outer bounding lines of the V-I curve of Figure 16.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

39d. The driver pull-up current variation, within nominal voltage and temperature

limits, is expected, but not guaranteed, to lie within the inner bounding lines of
the V-Icurve of Figure 16 on page 39.

39e. The full ratio variation of the MAX-to-MIN pull-up and pull-down current should

be between 0.71 and 1.4 for device drain-to-source voltages from 0.1V to 1.0V at
the same voltage and temperature.

39f. The full ratio variation of the nominal pull-up to pull-down current should be

unity +10%, for device drain-to-source voltages from 0.1Vto 1.0V.

Figure 15: Reduced Drive Pull-Dow n Characteristics
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Figure 16: Reduced Drive Pull-Up Characteristics
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The voltage levels used are derived from a minimum VDD level and the referenced test
load. In practice, the voltage levels obtained from a properly terminated bus will pro-
vide significantly different voltage values.

VIH overshoot: VIH (MAX) = VDDQ + 1.5V for a pulse width <3ns, and the pulse
width can not be greater than 1/3 of the cycle rate. VILundershoot: VIL (MIN) =-1.5V
for a pulse width <3ns, and the pulse width can not be greater than 1/3 of the cycle
rate.

VDD and VDDQ must track each other.

'HZ (MAX) will prevail over 'DQSCK (MAX) + 'RPST (MAX) condition. 'LZ (MIN) will
prevail over 'DQSCK (MIN) + 'RPRE (MAX) condition.
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

. 'RPST end point and 'RPRE begin point are not referenced to a specific voltage level
but specify when the device output is no longer driving (‘RPST) or begins driving
(‘RPRE).

During initialization, VDDQ, VTT, and VREF must be equal to or less than VDD + 0.3V.
Alternatively, VITmay be 1.35Vmaximum during power-up, even if VDD/ VDDQ are 0V,
provided a minimum of42Q of series resistance is used between the VIT supply and
the input pin.

The current Micron part operates below 83 MHz (slowest specified JEDEC operating
frequency). As such, future die may not reflect this option.

When an input signal is HIGH or LOW, it is defined as a steady state logic HIGH or
LOW.

Random address is changing; 50% of data is changing at every transfer.

Random address is changing; 100% of data is changing at every transfer.

CKE must be active (HIGH) during the entire time a REFRESH command is executed.
That is, from the time the AUTO REFRESH command is registered, CKE must be
active at each rising clock edge, until 'RFC has been satisfied.

IDD2N specifies the DQ, DQS, and DM to be driven to a valid HIGH or LOW logic level.
IDD2Q is similar to IDD2F except IDD2Q specifies the address and control inputs to
remain stable. Although IDD2E IDD2N, and IDD2Q are similar, IDD2F is “worst case.”
Whenever the operating frequency is altered, not including jitter, the DLL is required
to be reset followed by 200 clock cycles before any READ command.

This is the DC voltage supplied at the DRAM and is inclusive of allnoise up to 20 MHz.
Any noise above 20 MHz at the DRAM generated from any source other than that of
the DRAM itself may not exceed the DC voltage range of 2.6V +100m V.

The -6/-6T speed grades will operate with 'RAS (MIN) =40ns and

'RAS (MAX) = 120,000ns at any slower frequency.
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Table 26: Normal Output Drive Characteristics
Characteristics are specified under best, worst, and nominal process variation/conditions
Pull-Down Current (mA) Pull-Up Current (mA)
Voltage Nominal Nominal Nominal Nominal
(V) Low High Min Max Low High Min Max
0.1 6.0 6.8 4.6 9.6 —6.1 -7.6 —4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 241 26.6 18.4 33.9 —24.0 —27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 —29.8 -34.1 -23.0 —46.8
0.6 34.6 39.1 27.7 49.4 -34.3 —40.5 27.7 -54.4
0.7 39.4 44.2 32.2 56.8 -38.1 -46.9 -32.2 —-61.8
0.8 43.7 49.8 36.8 63.2 —41.1 -53.1 -36.0 —-69.5
0.9 47.5 55.2 39.6 69.9 —43.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 —46.0 —65.5 -38.7 -85.2
1.1 541 65.2 44.8 82.5 —47.8 —71.6 -39.0 —93.0
1.2 56.2 69.9 46.2 88.3 —49.2 —77.6 -39.2 -100.6
1.3 57.9 74.2 471 93.8 -50.0 -83.6 -39.4 —108.1
14 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
1.5 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 —40.1 -130.4
1.7 61.0 89.1 48.4 112.1 —51.1 -107.1 —40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 —40.3 —144.2
1.9 62.0 95.3 491 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.8 99.1 49.6 126.5 —51.8 -129.3 —40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 —40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 —40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 —145.2 —40.9 -181.3
2.5 64.6 103.8 50.2 137.3 -52.5 -150.5 —41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 —41.1 -192.9
2.7 65.0 105.4 50.5 140.8 —52.8 —160.1 —41.2 -198.2
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512Mb: x4, x8, x16 DDR SDRAM
Electrical Specifications—DC and AC

Table 27: Reduced Output Drive Characteristics
Characteristics are specified under best, worst, and nominal process variation/conditions
Pull-Down Current (mA) Pull-Up Current (mA)
Voltage Nominal Nominal Nominal Nominal
(V) Low High Min Max Low High Min Max
0.1 3.4 3.8 2.6 5.0 -3.5 —4.3 —2.6 -5.0
0.2 6.9 7.6 5.2 9.9 -6.9 -7.8 5.2 -9.9
0.3 10.3 114 7.8 14.6 -10.3 -12.0 -7.8 -14.6
0.4 13.6 15.1 10.4 19.2 -13.6 -15.7 -10.4 -19.2
0.5 16.9 18.7 13.0 23.6 -16.9 -19.3 -13.0 —23.6
0.6 19.9 22.1 15.7 28.0 -19.4 -22.9 -15.7 -28.0
0.7 22.3 25.0 18.2 32.2 -21.5 —26.5 -18.2 -32.2
0.8 24.7 28.2 20.8 35.8 -23.3 -30.1 —20.4 -35.8
0.9 26.9 31.3 22.4 39.5 —24.8 -33.6 -21.6 -39.5
1.0 29.0 34.1 241 43.2 —26.0 -37.1 -21.9 —43.2
1.1 30.6 36.9 25.4 46.7 —27.1 —40.3 —22.1 -46.7
1.2 31.8 39.5 26.2 50.0 —27.8 —43.1 -22.2 -50.0
1.3 32.8 42.0 26.6 53.1 -28.3 -45.8 -22.3 -53.1
14 33.5 44.4 26.8 56.1 -28.6 -48.4 -22.4 -56.1
15 34.0 46.6 27.0 58.7 -28.7 -50.7 -22.6 -58.7
1.6 34.3 48.6 27.2 61.4 —28.9 -52.9 —22.7 -61.4
1.7 34.5 50.5 27.4 63.5 —28.9 -55.0 —22.7 —-63.5
1.8 34.8 52.2 27.7 65.6 -29.0 -56.8 -22.8 —65.6
1.9 35.1 53.9 27.8 67.7 -29.2 -58.7 -22.9 —-67.7
2.0 35.4 55.0 28.0 69.8 -29.2 —60.0 -22.9 —69.8
2.1 35.6 56.1 28.1 71.6 -29.3 —-61.2 -23.0 -71.6
2.2 35.8 57.1 28.2 73.3 —29.5 —62.4 -23.0 -73.3
2.3 36.1 57.7 28.3 74.9 —29.5 —63.1 -23.1 -74.9
2.4 36.3 58.2 28.3 76.4 —29.6 —-63.8 -23.2 -76.4
2.5 36.5 58.7 28.4 77.7 -29.7 —64.4 -23.2 -77.7
2.6 36.7 59.2 28.5 78.8 -29.8 —65.1 -23.3 -78.8
2.7 36.8 59.6 28.6 79.7 -29.9 —-65.8 -23.3 -79.7
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Tables 28 and 29 provide a quick reference of available commands. Two additional Truth
Tables—Table 30 on page 44 and Table 31 on page 45—provide current state/next state
information.

Table 28: Truth Table 1 - Commands
CKEis HIGH for all commands shown except SELF REFRESH; All states and sequences not shown are illegal or

reserved
Function CSit RAS# | CAS# WE# Address | Notes
DESELECT H X X X X 1
NO OPERATION (NOP) L H H H X 1
ACTIVE (select bank and activate row) L L H H Bank/row 2
READ (select bank and column and start READ burst) L H L H Bank/col 3
WRITE (select bank and column and start WRITE burst) L H L L Bank/col 3
BURST TERM INATE L H H L X 4
PRECHARGE (deactivate row in bank or banks) L L H L Code 5
AUTO REFRESH or SELF REFRESH L L L H X 6,7
(enter self refresh mode)
LOAD MODE REGISTER L L L L Op-code 8

Notes:

. DESELECT and NOP are functionally interchangeable.
. BAO-BA1 provide bank addressand A0O-An (128Mb: n=11;256Mb and 512Mb: n = 12; 1Gb:

n = 13) provide row address.

. BAO-BA1 provide bank address; AO-A/ provide column address, (where Aiisthe most signif-

icant column addressbit for a given density and configuration, see Table 2 on page 2) A10
HIGH enablesthe auto precharge feature (non persistent), and A10 LOW disablesthe auto
precharge feature.

. Appliesonly to READ burstswith auto precharge disabled; thiscommand isundefined (and

should not be used) for READ burstswith auto precharge enabled and for WRITE bursts.

. A10 LOW: BA0-BA1 determine which bank isprecharged. A10 HIGH: all banks are pre-

charged and BAO-BA1 are “Don’t Care.”

. Thiscommand is AUTO REFRESH if CKE is HIGH; SELF REFRESH if CKE is LOW.
. Internal refresh counter controlsrow addressing while in self refresh mode, all inputsand

I/Os are “Don’t Care” except for CKE.

. BAO-BA1 select either the mode register or the extended mode register (BA0O =0, BA1 =0

select the mode register; BAO = 1, BA1 = 0 select extended mode register; other combina-
tionsof BAO-BA1 are reserved). AO-An provide the op-code to be written to the selected
mode register.

Table 29: Truth Table 2 — DM Operation
Used to mask write data, provided coincident with the corresponding data

Name (Function) DM DQ
Write enable L Valid
Write inhibit H X
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Table 30: Truth Table 3 — Current State Bank n — Command to Bank n
Notes: 16 apply to the entire table; Notes appear below

Current State CS# | RAS# | CAS# | WE# |Command/Action Notes
Any H X X X | DESELECT (NOP/continue previous operation)

L H H H NO OPERATION (NOP/continue previous operation)
Idle L L H H | ACTIVE (select and activate row)

L L L H |AUTO REFRESH 7

L L L L |LOAD MODE REGISTER 7
Row active L H L H READ (select column and start READ burst) 10

L H L L | WRITE (select column and start WRITE burst) 10

L L H L | PRECHARGE (deactivate row in bank or banks) 8
Read L H L H READ (select column and start new READ burst) 10
(auto precharge L H L L |WRITE (select column and start WRITE burst) 10, 12
disabled) L L H L | PRECHARGE (truncate READ burst, start PRECHARGE) 8

L H H L |BURST TERMINATE 9
Write L H L H READ (select column and start READ burst) 10, 11
(auto precharge L H L L |WRITE (select column and start new WRITE burst) 10
disabled) L L H L | PRECHARGE (truncate WRITE burst, start 8,11

PRECHARGE)
Notes: 1. Thistable applieswhen CKE,_y was HIGH and CKE, is HIGH (see Table 33 on page 47) and
after 'XXSNRhasbeen met (if the previous state was self refresh).

2. Thistable isbank-specific, except where noted (that is, the current state isfor a specific
bank and the commands shown are those allowed to be issued to that bank when in that
state). Exceptionsare covered in the notesbelow.

3. Current state definitions:

« Idle: The bank hasbeen precharged, and !RP has been met.

« Row active: A row in the bank hasbeen activated, and !RCD hasbeen met. No data
bursts/accesses and no register accesses are in progress.

* Read: A READ burst hasbeen initiated, with auto precharge disabled, and hasnot yet
terminated or been terminated.

+ Write: A WRITEburst hasbeen initiated, with auto precharge disabled, and hasnot yet
terminated or been terminated.

4. The following statesmust not be interrupted by a command issued to the same bank. COM-
MAND INHIBIT or NOP commands, or allowable commandsto the other bank should be
issued on any clock edge occurring during these states. Allowable commandsto the other
bank are determined by itscurrent state and Table 30 and according to Table 31 on
page 45.

« Precharging: Sartswith registration of a PRECHARGE command and endswhen 'RPis
met. Once 'RPis met, the bank will be in the idle state.

+ Row activating: Sartswith registration of an ACTIVE command and endswhen 'RCD is
met. Once 'RCD ismet, the bank will be in the “row active” state.

* Read with auto precharge enabled: Sartswith registration of a READ command with
auto precharge enabled and endswhen 'RP has been met. Once 'RPismet, the bank
will be in the idle state.

+ Write with auto precharge enabled: Sartswith registration of a WRITE command with
auto precharge enabled and endswhen 'RP hasbeen met. Once RPis met, the bank
will be in the idle state.

5. Thefollowing statesmust not be interrupted by any executable command; COMMAND
INHIBIT or NOP commands must be applied on each positive clock edge during these states.

DDR xdEx18, Carez.fm - 1241 DD Fov. N: Core DD Fev. £ 2109 EN 44 e e 2000 Micran Tochmoloy. . Al ights reservea.
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+ Refreshing: Sartswith registration of an AUTO REFRESH command and endswhen 'RFC
ismet. Once 'RFCismet, the DDRSDRAM will be in the all banksidle state.

+ Accessing mode register: Sartswith registration of an LMRcommand and endswhen
!MRD hasbeen met. Once 'MRD is met, the DDR SDRAM will be in the all banksidle
state.

» Precharging all: Sartswith registration of a PRECHARGE ALL command and endswhen
'RPismet. Once 'RPismet, all bankswill be in the idle state.

All states and sequencesnot shown are illegal or reserved.

Not bank-specific; requiresthat all banks are idle, and burstsare not in progress.

May or may not be bank-specific; if multiple banksare to be precharged, each must be in a
valid state for precharging.

Not bank-specific; BURST TERMINATE affectsthe most recent READ burst, regardless of
bank.

READsor WRITEslisted in the Command/Action column include READsor WRITEswith auto
precharge enabled and READsor WRITEs with auto precharge disabled.

Requires appropriate DM masking.

A WRITE command may be applied after the completion of the READ burst; otherwise, a
BURST TERMINATE must be used to end the READ burst prior to asserting a WRITE com-
mand.

Table 31: Truth Table 4 — Current State Bank n— Command to Bank m
Notes: 16 apply to the entire table; Notes appear on page 45

Current State CS# | RAS# | CAS# | WE# |Command/Action Notes

Any H X X X DESELECT (NOP/continue previousoperation)
L H H H NO OPERATION (NOP/continue previous operation)

Idle X X X X Any command otherwise allowed to bank m

Row activating, active, L L H H ACTIVE (select and activate row)

or precharging L H L H |READ (select column and start READ burst) 7
L H L L |WRITE (select column and start WRITE burst) 7
L L H L | PRECHARGE

Read (auto precharge L L H H ACTIVE (select and activate row)

disabled) L H L H | READ (select column and start new READ burst) 7
L H L L |WRITE (select column and start WRITE burst) 7,9
L L H L | PRECHARGE

Write (auto precharge L L H H ACTIVE (select and activate row)

disabled) L H L H |READ (select column and start READ burst) 7,8
L H L L |WRITE (select column and start new WRITE burst) 7
L L H L | PRECHARGE

Read (with auto- L L H H ACTIVE (select and activate row)

precharge) L H L H |READ (select column and start new READ burst) 7
L H L L |WRITE (select column and start WRITE burst) 7,9
L L H L | PRECHARGE

Write (with auto- L L H H ACTIVE (select and activate row)

precharge) L H L H |READ (select column and start READ burst) 7
L H L L |WRITE (select column and start new WRITE burst) 7
L L H L |PRECHARGE

Notes:

—_

Thistable applieswhen CKE,_.{ was HIGH and CKE, is HIGH (see Table 33 on page 47) and
after 'XXSNRhasbeen met (if the previous state was self refresh).
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2. Thistable describesalternate bank operation, except where noted (that is, the current state

isfor bank n, and the commandsshown are those allowed to be issued to bank m, assuming
that bank misin such a state that the given command isallowable). Exceptionsare covered
in the notesbelow.

3. Current state definitions:

+ Idle: The bank hasbeen precharged, and 'RP has been met.

- Row active: A row in the bank hasbeen activated, and !RCD hasbeen met. No data
bursts/accesses and no register accesses are in progress.

* Read: A READ burst hasbeen initiated, with auto precharge disabled, and hasnot yet
terminated or been terminated.

+ Write: A WRITEburst hasbeen initiated, with auto precharge disabled, and hasnot yet
terminated or been terminated.

* Read with auto precharge enabled: See note 3a below.

+ Write with auto precharge enabled: See note 3a below.

a. The read with auto precharge enabled or write with auto precharge enabled states
can each be broken into two parts: the access period and the precharge period. For
read with auto precharge, the precharge period isdefined asif the same burst was
executed with auto precharge disabled and then followed with the earliest possible
PRECHARGE command that still accesses all of the data in the burst. For write with
auto precharge, the precharge period beginswhen 'WRends, with 'WRmeasured as
if auto precharge wasdisabled. The accessperiod startswith registration of the com-
mand and endswhere the precharge period (or 'RP) begins. Thisdevice supports
concurrent auto precharge such that when aread with auto precharge isenabled or
awrite with auto precharge isenabled, any command to other banksisallowed, as
long asthat command doesnot interrupt the read or write data transfer already in
process. In either case, all other related limitations apply (for example, contention
between read data and write data must be avoided).

b. The minimum delay from a READ or WRITE command with auto precharge enabled,
to acommand to a different bank issummarized in Table 32.

Table 32: Command Delays
Clgry = CLrounded up to the next integer

From Minimum Delay
Command To Command with Concurrent Auto Precharge
WRITEwith auto READ or READ with auto precharge [1+ (BL2)] x 'CK + 'WTR
precharge WRITE or WRITE with auto precharge (BL/2) x 'CK
PRECHARGE 1tcK
ACTIVE 1tcK
READ with auto READ or READ with auto precharge (BL2) x 'CK
precharge WRITE or WRITE with auto precharge [CLry * (BL/2)] x 'CK
PRECHARGE 11K
ACTIVE 1 1CK

. AUTO REFRESH and LMR commands may only be issued when all banks are idle.
. A BURST TERMINATE command cannot be issued to another bank; it appliesto the bank

represented by the current state only.

. All statesand sequencesnot shown are illegal or reserved.
. READsor WRITEslisted in the “Command/Action” column include READs or WRITEs with

auto precharge enabled and READs or WRITEswith auto precharge disabled.

. Requires appropriate DM masking.
. A WRITEcommand may be applied after the completion of the READ burst; otherwise, a

BURST TERMINATE must be used to end the READ burst prior to asserting a WRITE com-
mand.
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Table 33: Truth Table 5 — CKE
Notes 16 apply to the entire table; Notes appear below

CKE,,.4 CKE, Current State Command, Action,, Notes
L L Power-down X Maintain power-down
Self refresh X Maintain self refresh
L H Power-down DESELECT or NOP Exit power-down
Self refresh DESELECT or NOP Exit self refresh 7
H L All banksidle DESELECT or NOP Precharge power-down entry
Bank(s) active DESELECT or NOP Active power-down entry
All banksidle AUTO REFRESH Self refresh entry
H H See Table 28 on page 43
Notes: 1. CKE, isthe logicstate of CKE at clock edge n; CKE,.;{ wasthe state of CKE at the previous
clock edge.

2. Current state isthe state of the DDR SDRAM immediately prior to clock edge n.

3. COMMAND,, isthe command registered at clock edge n, and ACTION,, isa result of COM-
MAND,,.

4. All statesand sequencesnot shown are illegal or reserved.

5. CKEmust not drop LOW during a column access. For a READ, this means CKE must stay
HIGH until after the read postamble time (‘RPST); for a WRITE, CKE must stay HIGH until the
write recovery time (\WR) hasbeen met.

6. Once initialized, including during self refresh mode, VREF must be powered within the spec-
ified range.

7. Upon exit of the self refresh mode, the DLL isautomatically enabled. A minimum of 200
clock cyclesisneeded before applying a READ command for the DLL to lock. DESELECT or
NOP commands should be issued on any clock edges occurring during the XXSNRperiod.

DESELECT

The DESELECT function (CS# HIGH) prevents new commands from being executed by
the DDR SDRAM. The DDR SDRAM is effectively deselected. Operations already in prog-
ress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the selected DDR SDRAM to
perform a NOP (CS# is LOW with RAS#, CAS#, and WE# are HIGH). This prevents
unwanted commands from being registered during idle or wait states. Operations
already in progress are not affected.

LOAD MODE REGISTER (LM R)

The mode registers are loaded via inputs AO-An (see "REGISTER DEFINITION" on page
55). The LMR command can only be issued when all banks are idle, and a subsequent
executable command cannot be issued until 'MRD is met.
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ACTIVE (ACT)

The ACTIVE command is used to open (or activate) a row in a particular bank for a
subsequent access, like a read or a write, as shown in Figure 17. The value on the BAO,
BAI inputs selects the bank, and the address provided on inputs AO—An selects the row.

Figure 17: Activating a Specific Row in a Specific Bank

CK#
CcK

CKE HIGH

CAS# /zzzzz; QZZZZZ

Don’t Care
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READ

The READ command is used to initiate a burst read access to an active row, as shown in
Figure 18 on page 49. The value on the BAO, BAl inputs selects the bank, and the address
provided on inputs AO—Ai (where Aiis the most significant column address bit for a given
density and configuration, see Table 2 on page 2) selects the starting column location.

Figure 18: READ Command

CKE  HIGH

CS# />>\

RAS#

CAS#

I\
WE# /
/K

Address Col
EN AP
A10
DIS AP

BAO, BA1 /><Bank></

Note: EN AP = enable auto precharge; DISAP = disable auto precharge.
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WRITE

The WRITE command is used to initiate a burst write access to an active row as shown in
Figure 19. The value on the BAO, BAl inputs selects the bank, and the address provided
on inputs AO—Ai (where Ai is the most significant column address bit for a given density
and configuration, see Table 2 on page 2) selects the starting column location.

Figure 19: WRITE Command

CKE HIGH

CS# />>\

RASH i/ ‘
cast /////N

WE# />>\ |
|

Address />< Col %
[

EN AP

A10

DIS AP

|
BAO, BA1 /><BankW
Don't Care

Note: EN AP = enable auto precharge; and DISAP = disable auto precharge.
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]
PRECHARGE (PRE)

The PRECHARGE command is used to deactivate the open row in a particular bank or
the open row in all banks as shown in Figure 20. The value on the BAO, BAl inputs selects
the bank, and the AlO input selects whether a single bank is precharged or whether all
banks are precharged.

Figure 20: PRECHARGE Command

CAS#

WE#

All banks
A10
One bank

BAO, BA1 ”l’@
Don't Care

Notes: 1. If A10isHIGH, bank addressbecomes“Don’t Care.”

BURST TERM INATE (BST)

The BURST TERMINATE command is used to truncate READ bursts (with auto
precharge disabled). The most recently registered READ command prior to the BURST
TERMINATE command will be truncated, as shown in “Operations” on page 52. The
open page from which the READ burst was terminated remains open.

AUTO REFRESH (AR)

AUTO REFRESH is used during normal operation of the DDR SDRAM and is analogous

to CAS#-before-RAS# (CBR) refresh in FPM/EDO DRAMSs. This command is nonpersis-

tent, so it must be issued each time a refresh is required. Allbanks must be idle before an
AUTO REFRESH command is issued.

SELF REFRESH

The SELF REFRESH command can be used to retain data in the DDR SDRAM, even if the
rest of the system is powered down. The SELF REFRESH command is initiated like an
AUTO REFRESH command except CKE is disabled (LOW).

Self refresh is not supported on automotive temperature (AT) devices.
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Prior to normal operation, DDR SDRAMs must be powered up and initialized in a
predefined manner. Operational procedures, other than those specified, may result in
undefined operation.

To ensure device operation, the DRAM must be initialized as described in the following

steps:

1. Simultaneously apply power to VDD and VDDQ.

2. Apply VREF and then VTIT power. VITmust be applied after VDDQ to avoid device latch-
up, which may cause permanent damage to the device. Except for CKE, inputs are not
recognized as valid until after VREF is applied.

3. Assert and hold CKE at a LVCMOS logic LOW. Maintaining an LVCMOS LOW level on
CKE during power-up is required to ensure that the DQ and DQS outputs will be in
the High-Z state, where they will remain until driven in normal operation (by a read
access).

4. Provide stable clock signals.

5. Wait at least 200us.

6. Bring CKE HIGH, and provide at least one NOP or DESELECT command. At this

point, the CKE input changes from a LVCMOS input to a SSTL_2 input only and will
remain a SSTL_2 input unless a power cycle occurs.

7. Perform a PRECHARGE ALL command.

oo

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

. Wait at least 'RP time; during this time NOPs or DESELECT commands must be given.
. Using the LMR command, program the extended mode register (EO =0 to enable the

DLL and E1 =0 for normal drive; or E1 =1 for reduced drive and E2-En must be set to
0 [where n = most significant bit]).

Wait at least '"MRD time; only NOPs or DESELECT commands are allowed.

Using the LMR command, program the mode register to set operating parameters
and to reset the DLL. At least 200 clock cycles are required between a DLL reset and
any READ command.

Wait at least 'MRD time; only NOPs or DESELECT commands are allowed.

Issue a PRECHARGE ALL command.

Wait at least 'RP time: only NOPs or DESELECT commands are allowed.

Issue an AUTO REFRESH command. This may be moved prior to step 13.

Wait at least 'RFC time; only NOPs or DESELECT commands are allowed.

Issue an AUTO REFRESH command. This may be moved prior to step 13.

Wait at least 'RFC time; only NOPs or DESELECT commands are allowed.

Although not required by the Micron device, JEDEC requires an LMR command to
clear the DLL bit (set M8 =0). Ifan LMR command is issued, the same operating
parameters should be utilized as in step 11.

Wait at least 'MRD time; only NOPs or DESELECT commands are supported.

At this point the DRAM is ready for any valid command. At least 200 clock cycles with
CKE HIGH are required between step 11 (DLLRESET) and any READ command.

PDF: 09005aef80a1d9d4/Source: 09005aef82a95a3a

DDR x4x8x16_Core2.fm - 512Mb DDR: Rev. N; Core DDR Rev. B 2/09 EN

Micron Technology, Inc., reservesthe right to change products or specificationswithout notice.
52 ©2000 Micron Technology, Inc. All rights reserved.



. 512Mb: x4, x8, x16 DDR SDRAM
&EICI‘OI‘I Operations

Figure 21: INITIALIZATION Flow Diagram

Step I\/I

Vop and VooQ ramp

[ ]
Apply Vrer and V1T

[ |
CKEmust be LVCMOS LOW

Apply stable CLOCKs
Wait at least 200us
[ 1
Bring CKE HIGH with a NOP command
[ |
PRECHARGE ALL
[ |
< Assert NOP or DESELECT for 'RP time
9 < Configure extended mode register
10 < Assert NOP or DESELECT for 'MRD time
[ 1
11 < Configure load mode register and reset DLL
[ |
12 < Assert NOP or DESELECT for 'MRD time
[ |
13 < PRECHARGE ALL
14 < Assert NOP or DESELECT for 'RPtime
[ |
15 < Issue AUTO REFRESH command
[ |

16 < Assert NOP or DESELECT commands for 'RFC

17 < Issue AUTO REFRESH command

18 < Assert NOP or DESELECT for 'RFC time

19 < Optional LMRcommand to clear DLL bit

20 < Assert NOP or DESELECT for 'MRD time

21 < DRAM isready for any valid command

N
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Figure 22: INITIALIZATION Timing Diagram
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Command (bk NOP
)
|
A
DM
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Add [((
ress
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|
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A10 ﬂ
)
) | | | |
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& High-ZI ( ( (« ( ( ( |
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DQ ( High-Z, « (( ( ( ( ( !
" ‘ ) ) ) ) ) ) [
T = 200us ! | | | | | |
L tRP tMRD tMRD tRp tRFC tRFC
Power-up: Vob and CK stable Load extended

mode register
9 Load mode 200 cycles of CK4

registers ZZ

VTTisnot applied directly to the device; however, 'VTD > 0 to avoid device latch-up. VDDQ,
V1T, and VREF < VDD + 0.3V. Alternatively, VIT may be 1.35V maximum during power-up,
even if VDD/VDDQ are 0V, provided a minimum of 420 of seriesresistance isused between
the V1T supply and the input pin. Once initialized, VREF must alwaysbe powered within the
specified range.

2. Although not required by the Micron device, JEDEC specifiesissuing another LMRcommand
(A8 = 0) prior to activating any bank. If another LMR command isissued, the same, previ-
ousdly issued operating parameters must be used.

3. The two AUTO REFRESH commands at Td0 and TeO may be applied following the LMR com-
mand at Ta0.

4. 'MRD isrequired before any command can be applied (during MRD time only NOPs or

DESELECTs are allowed), and 200 cycles of CK are required before a READ command can be

issued.

5. While programming the operating parameters, reset the DLL with A8 = 1.

Indicates A Break in m Don’t Care
Time Scale

Notes: 1.
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REGISTER DEFINITION

Mode Register

The mode register is used to define the specific DDR SDRAM mode of operation. This
definition includes the selection of a burst length, a burst type, a CAS latency, and an
operating mode, as shown in Figure 23. The mode register is programmed via the LMR
command (with BAO =0 and BAl =0) and will retain the stored information until it is
programmed again or until the device loses power (except for bit A8, which is self-
clearing).

Reprogramming the mode register will not alter the contents of the memory, provided it
is performed correctly. The mode register must be loaded (reloaded) when all banks are
idle and no bursts are in progress, and the controller must wait the specified time before
initiating the subsequent operation. Violating either of these requirements will result in
unspecified operation.

Mode register bits AO—A2 specify the burst length, A3 specifies the type of burst (sequen-
tial or interleaved), A4—A6 specify the CAS latency, and A7-An specify the operating
mode.

Figure 23: Mode Register Definition

BA1 BAO An ... A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Addressbus
n+2/n+1/m/../9/8/7/6/5/4/3/2/1/0/ Moderegiser
| 0 | 0 | Operating mode |CASLatency|BT|Burst length [/ (Mx)
M2 |M1|MO | Burst Length
Mn+ 2 |[Mn+ 1 | Mode Register Definition o 1010 o "
serve
0 0 Base mode register l o 1ol 5
0 1 Extended mode register M3 | Burst Type ol1lo 4
1 0 Reserved 0 Sequential
0|11 8
1 R 1 Interl d
1 eserved nterleave ] ol o Resorved
1 0|1 Reserved
Mn|...|M9|M8|M7 | M6-Mo | Operating Mode 1|1 ]0] Reserved
1 1 1 Reserved

0|0 |0 ]| O | O Valid |Normal operation

o0 |0 |1 0 | Valid |Normal operation/reset DLL

- - -1-1- - All other statesreserved me | m5 |ma| casLatengy
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
ol 1] 1 3 (-5Bonly)
1 0 0 Reserved
1 0 1 Reserved
1 1 0 25
1 1 1 Reserved

Notes: 1. nisthe most significant row addressbit from Table 2 on page 2.
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Burst Length (BL)

512Mb: x4, x8, x16 DDR SDRAM
Operations
]

Read and write accesses to the DDR SDRAM are burst oriented, with the burst length
being programmable for both READ and WRITE bursts, as shown in Figure 23 on

page 55. The burst length determines the maximum number of column locations that
can be accessed for a given READ or WRITE command. BL=2,BL =4, or BL=_8 locations
are available for both the sequential and the interleaved burst types. Reserved states
should not be used, as unknown operation or incompatibility with future versions may
result.

When a READ or WRITE command is issued, a block of columns equal to the burst
length is effectively selected. All accesses for that burst take place within this block—
meaning that the burst will wrap within the block if a boundary is reached. The block is
uniquely selected by Al-Ai when BL=2, by A2-Ai when BL=4,and by A3-Ai when

BL =8 (where Aiis the most significant column address bit for a given configuration).
The remaining (least significant) address bit(s) is (are) used to select the starting location
within the block. For example: for BL =8, A3-Ai select the eight-data-element block; AO-
A2 select the first access within the block.

Burst Type
Accesses within a given burst may be programmed to be either sequential or interleaved;
this is referred to as the burst type and is selected via bit M3.
The ordering of accesses within a burst is determined by the burst length, the burst type,
and the starting column address, as shown in Table 34.
Table 34: Burst Definition
Order of Accesses Within a Burst
Burst Length Starting Column Address Type = Sequential Type = Interleaved
2 - - A0 - -
- - 0 0-1 0-1
- - 1 1-0 1-0
4 - A1 A0 - -
- 0 0 0-1-2-3 0-1-2-3
- 0 1 1-2-3-0 1-0-3-2
- 2-3-0-1 2-3-0-1
- 1 1 3-0-1-2 3-2-1-0
8 A2 A1 A0 - -
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
DR xéx6x16.Core?fm - S124b DDR Fev:N: Gore DDR v, 209 EN 56 o, e e O 1 5200 Mieran Toennaiogy. nc. Al rightareserued.
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CAS Latency (CL)

The CLis the delay, in clock cycles, between the registration of a READ command and
the availability of the first bit of output data. The latency can be set to 2,2.5, or 3 (-5B
only) clocks, as shown in Figure 24. Reserved states should not be used, as unknown
operation or incompatibility with future versions may result.

Ifa READ command is registered at clock edge n, and the latency is m clocks, the data
will be available nominally coincident with clock edge n +m . Table 35 on page 58 indi-
cates the operating frequencies at which each CL setting can be used.

Figure 24: CAS Latency

Command % READ W NOP W NOP W NOP @

DQs :

Command % READ W NOP W NOP W NOP @

] =25 ‘
DQs : ] ] ! —\_/_
bQ ] : : : & X
CK#
K
conmans W o X o XY o D)
. =3 | | ‘ |
DQS : : : N ! \
DQ 1 1 ‘ ‘ ‘ w { 3@

Transitioning Data Don’t Care

Note:  BL=4inthe casesshown; shown with nominal tAC, IDQSCK, and 'DQQ.
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Table 35: CAS Latency

Allowable Operating Clock Frequency (MHz)
Speed CL=2 CL=25 CL=3
-5B 75<f<133 75<f<167 133 < <200
-6/-6T 75<f<133 75<f<167 -
-75E 75<f<133 75<f<133 -
-75Z 75<f<133 75<f<133 -
-75 75<f<100 75<f<133 -

Operating Mode

The normal operating mode is selected by issuing an LMR command with bits A7-An
each set to zero and bits AO—A6 set to the desired values. ADLL reset is initiated by
issuing an LMR command with bits A7 and A9-An each set to zero, bit A8 set to one, and
bits AO—A6 set to the desired values. Although not required by the Micron device, JEDEC
specifications recommend that an LMR command resetting the DLL should always be
followed by an LMR command selecting normal operating mode.

All other combinations of values for A7-An are reserved for future use and/or test
modes. Test modes and reserved states should not be used, as unknown operation or
incompatibility with future versions may result.

Extended Mode Register

The extended mode register controls functions beyond those controlled by the mode
register; these additional functions are DLL enable/disable and output drive strength.
These functions are controlled via the bits shown in Figure 25 on page 59. The extended
mode register is programmed via the LMR command to the mode register (with BAO =1
and BAI =0) and will retain the stored information until it is programmed again or until
the device loses power. The enabling of the DLL should always be followed by an LMR
command to the mode register (BAO/BAl =0) to reset the DLL. The extended mode
register must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time before initiating any subsequent operation.
Violating either requirement could result in an unspecified operation.

Output Drive Strength

The normal drive strength for all outputs is specified to be SSTL_2, Class II. This option
isintended for the support of the lighter load and/or point-to-point environments. The
selection of the reduced drive strength will alter the DQ and DQS pins from SSTL_2,
Class IT drive strength to a reduced drive strength, which is approximately 54% of the
SSTL_2, Class I drive strength.

DLL Enable/Disable

When the part is running without the DLL enabled, device functionality may be altered.
The DLL must be enabled for normal operation. DLL enable is required during power-
up initialization and upon returning to normal operation after having disabled the DLL
for the purpose of debugor evaluation (when the device exits self refresh mode, the DLL
is enabled automatically). Anytime the DLL is enabled, 200 clock cycles with CKE HIGH
must occur before a READ command can be issued.
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Figure 25:

ACTIVE

512Mb: x4, x8, x16 DDR SDRAM
Operations

Extended Mode Register Definition

Notes:

BA1 BAO An ... A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Addressbus

RN NTRRRRY

n+2/n+1/m/../9/8/7/6/5/4/3/2/1/0/| Extended mode
o| 1| | operatingMode |DspLL/ register (Ex)

E0 DLL
0 Enable

Mn+2|{Mn+ 1 | Mode Register Definition 1 Disable

0 0 Base mode register

0 1 Extended mode register E12 Drive Strength

1 0 Reserved 0 Normal

1 1 Reserved 1 Reduced
En|...|E9 | E8 |E7 |E6 | E5 | E4 | E3 E23 E1, E0 | Operating Mode
o(ojofo|lO0O|O0O|O|0O|O]| O] Vald Reserved
e B e M e R R I R - Reserved

1. nisthe most significant row addressbit from Table 2 on page 2.
2. The QFC# option isnot supported.

After a row is opened with an ACTIVE command, a READ or WRITE command may be
issued to that row, subject to the 'RCD specification. 'RCD (MIN) should be divided by
the clock period and rounded up to the next whole number to determine the earliest
clock edge after the ACTIVE command on which a READ or WRITE command can be
entered. For example, a ‘RCD specification of 20ns with a 133 MHz clock (7.5ns period)
results in 2.7 clocks rounded to 3. This is reflected in Figure 26 on page 60, which covers
any case where 2 < 'RCD (MIN)/'CK <3 (Figure 26 also shows the same case for 'RRD; the
same procedure is used to convert other specification limits from time units to clock
cycles).

Arow remains active (or open) for accesses until a PRECHARGE command is issued to
that bank. APRECHARGE command must be issued before opening a different row in
the same bank.

Asubsequent ACTIVE command to a different row in the same bank can only be issued
after the previous active row has been “closed” (precharged). The minimum time
interval between successive ACTIVE commands to the same bank is defined by 'RC.

Asubsequent ACTIVE command to another bank can be issued while the first bank is
beingaccessed, which results in a reduction oftotalrow-access overhead. The minimum
time interval between successive ACTIVE commands to different banks is defined by

t

RRD.
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Figure 26:

CK#

CcK

Command

READ

512Mb: x4, x8, x16 DDR SDRAM
Operations

Example: Meeting 'RCD ('RRD) MIN When 2 < 'RCD (*RRD) MIN/'CK <3

TO

T T2 T3 T4 5 T6 T7

Note:

tRRD tRcD

Don't Care

During the READ command, the value on input Al0 determines whether or not auto
precharge is used. If auto precharge is selected, the row being accessed will be
precharged at the end of the READ burst;if auto precharge is not selected, the row will
remain open for subsequent accesses.

For the READ commands used in the following illustrations, auto precharge is dis-
abled.

During READ bursts, the valid data-out element from the starting column address will
be available following the CL after the READ command. Each subsequent data-out
element will be valid nominally at the next positive or negative clock edge (that is, at the
next crossing of CKand CK#). Figure 27 on page 62 shows the general timing for each
possible CLsetting. DQS is driven by the DDR SDRAM along with output data. The
initial LOW state on DQS is known as the read preamble; the LOW state coincident with
the last data-out element is known as the read postamble.

Upon completion ofa burst, assuming no other commands have been initiated, the DQ
will go High-Z. Detailed explanations of 'DQSQ (valid data-out skew), '‘QH (data-out
window hold), and the valid data window are depicted in Figure 35 on page 70 and
Figure 36 on page 71. Detailed explanations of 'DQSCK (DQS transition skew to CK) and
'AC (data-out transition skew to CK) are depicted in Figure 37 on page 72.

Data from any READ burst may be concatenated or truncated with data from a subse-
quent READ command. In either case, a continuous flow of data can be maintained. The
first data element from the new burst follows either the last element of a completed
burst or the last desired data element of a longer burst which is being truncated. The
new READ command should be issued x cycles after the first READ command, where x
equals the number of desired data element pairs (pairs are required by the 2n-prefetch
architecture). This is shown in Figure 28 on page 63. AREAD command can be initiated
on any clock cycle following a previous READ command. Nonconsecutive read data is
illustrated in Figure 29 on page 64. Full-speed random read accesses within a page (or
pages) can be performed, as shown in Figure 30 on page 65.
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Data from any READ burst may be truncated with a BURST TERMINATE command, as
shown in Figure 31 on page 66. The BURST TERMINATE latency is equal to the CL, that
is, the BURST TERMINATE command should be issued x cycles after the READ
command where x equals the number of desired data element pairs (pairs are required
by the 2n-prefetch architecture).

Data from any READ burst must be completed or truncated before a subsequent WRITE
command can be issued. If truncation is necessary, the BURST TERMINATE command
must be used, as shown in Figure 32 on page 67. The 'DQSS (NOM) case is shown; the
'DQSS (MAX) case has a longer bus idle time. ('DQSS [MIN] and '‘DQSS [MAX] are
defined in the section on WRITEs.) AREAD burst may be followed by, or truncated with,
a PRECHARGE command to the same bank provided that auto precharge was not acti-
vated.

The PRECHARGE command should be issued x cycles after the READ command, where
x equals the number of desired data element pairs (pairs are required by the 2n-prefetch
architecture). This is shown in Figure 33 on page 68. Following the PRECHARGE
command, a subsequent command to the same bank cannot be issued until both RAS
and 'RP have been met. Part of the row precharge time is hidden during the access of the
last data elements.
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Figure 27: READ Burst

Command

Address

DQs

DQ

Command

Address

S N
0 OO

TO T T2 T3 T3n T4 T4n T5

Command

o (T
Transitioning Data m Don’t Care

1. DO n =data-out from column n.

2. BL=4.

3. Three subsequent elementsof data-out appear in the programmed order following DO n.
4. Shown with nominal 'AC, IDQSCK, and 'DQSQ.

Notes:
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Figure 28: Consecutive READ Bursts
oK TO T T2 T2n T3 T3n T4 T4n T5 T5n
K — ™, S N N S N, S
cmen. X W XX N XD XX
wen KCEEN XXX DR DX DXV TR D
w CL=2 ! |
DQS | \‘ ) _\_/_\_/_\_/_\_
b — OO
CK#
CK
Command %
I
wasess X BN BT XL T T
‘ CL=25 ‘ ‘ ‘ ‘ ‘ ] ]
> SR g ) >< ¢ ><°°>< 3
TO T T2 T3 T3n T4 T4n T5 T5n
CK#  mmmmn o mmmmm e mmemn e e oo ,--
CK R, - - oy
| 1
naaros Y BEDIN WB&%W W W m
C L a-s . T
ba — -'<D°>< X >< ><D°>C
Transitioning Data Don’t Care
Notes: 1. DO n (or b) = data-out from column n (or column b).
2. BL=4orBL=8 (if BL=4,the burstsare concatenated; if BL = 8, the second burst interrupts
the first).
3. Three subsequent elementsof data-out appear in the programmed order following DO n.
4. Three (or seven) subsequent elements of data-out appear in the programmed order follow-
ing DO b.
5. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
6. Example appliesonly when READ commands are issued to same device.
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Figure 29:

K

Command

Address

512Mb: x4, x8, x16 DDR SDRAM
Operations

Nonconsecutive READ Bursts

DQs

DQ

A S—

| | /NS

CK#
K

Command

Address

YT

T2n T3 T3n T: T5n T6

DQs

DQ

CK#
CcK

Command

Notes:

OOCOT—®
Transitioning Data Don't Care

. DO n (or b) = data-out from column n (or column b).
. BL=4orBL=38 (if BL=4, the burstsare concatenated; if BL = 8, the second burst interrupts

the first).

. Three subsequent elementsof data-out appear in the programmed order following DO n.
. Three (or seven) subsequent elements of data-out appear in the programmed order follow-

ing DO b.

. Shown with nominal 'AC, 'DQSCK, and 'DQQ.
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Figure 30: Random READ Accesses

Command % READ >@<
Address Bank, >@< Bank,

Pos — ./ S /S S =

TO T T2 T2n T3 T3n T4 T4n T5 T5n

pm————

Command Z< READ >@<
dd Bank, Bank, Bank, Bank,
Address Col n Col x Col b Col g

DQs

Command % READ

XX
aaress )X XU/IX s X/, ' ‘ ‘
‘ . =3 ‘ ‘ ‘ ‘ ‘ ‘
DQs : 1 : —\_/—\_/—\_
T {06/ - D D Dl
Transitioning Data Don't Care
Notes: . DO n (or xor b or g) = data-out from column n (or column x or column b or column g).

1
2. BL=2,BL=4,0rBL=28(if BL=4 or BL=38, the following burst interruptsthe previous).

3. n', X, b',or g indicate the next data-out following DO n, DO x, DO b, or DO g, respectively.
4. READsare to an active row in any bank.

5. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
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Figure 31: Terminating a READ Burst

%WBSTW SN XD

Das : : \ 1 _\_/

DQ -

Command

Address

Command

Address

- Transitioning Data Don’t Care

Notes: 1. Page remainsopen.
2. DO n =data-out from column n.
3. BL=4.
4. Subsequent element of data-out appearsin the programmed order following DO n.
5. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
DDR XEXBC16. Core2 - ST DD, Fev.: Core DDF v, B 2109 EN 66 e e 2000 Micran Tochmoloy. . Al ights reservea.
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Figure 32: READ-to-WRITE

conmana 7K 0 WX e XX o Yo XK
T T
Bank, Bank,

DQs

DQ

DM

CK#
CcK

Command

DQs

DQ

DM

CK#
K

Command

O 1 0 0 O 0 i

DQs

o T —OTINR
om INLAN A

Transitioning Data m Don't Care

Notes: 1. Page remainsopen.

2. DO n =data-out from column n; DI b = data-in from column b.

3. BL=4 (appliesfor burstsof 8 aswell; if BL = 2, the BURST command shown can be NOP).
4. One subsequent element of data-out appearsin the programmed order following DO n.
5. Data-in elementsare applied following DI b in the programmed order.

6

. Shown with nominal 'AC, 'DQSCK, and 'DQQ.
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Figure 33: READ-to-PRECHARGE

TO T T2 T2n T3 T3n T4 T5
CK# -----
K —— - — e V— ‘ LT ‘ it - ‘
I T T
Bank a,
Address S LTI, 2 XD
: CL=2 ' ' ' tRP ' ' '
DQS ! ) | / ! l | 1 |
D | | ‘ ‘ / DO \‘/ ‘ \/ \ | | |
@ RO 2 O Y
TO T T2 T2n T3 T3n T4 T5
CK#
CcK
Command
Address
DQS . . .
‘ 1 ‘ ST DO 7 X 1 1
ba (GO )
TO T T2 T3 T3n T4 T4n T5
CK#

CcK
" .\
connans. )X 0 XX o XX e XX o XD o XTI o XD
I T T L
Bank a, Bank a, Bank a,
I tRP

N

T
Transitioning Data Don't Care

Notes: 1. Provided 'RAS(MIN)ismet, a READ command with auto precharge enabled would cause a
precharge to be performed at x number of clock cyclesafter the READ command, where

x = Bl/2.

DO n = data-out from column n.

BL = 4 or an interrupted burst of 8.

Three subsequent elementsof data-out appear in the programmed order following DO n.
Shown with nominal 'AC, 'DQSCK, and 'DQSQ.

READ-to-PRECHARGE equalstwo clocks, which allowstwo data pairs of data-out; it isalso
assumed that 'RAS(MIN) is met.

7. An ACTIVE command to the same bank isonly allowed if tRC (MIN) ismet.

DQs L

DQ .

SIS EAEN
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Figure 34: Bank READ — Without Auto Precharge

1

=
1 N/

=

X/ |

US|, | o | | | |
Command 9‘< NOP' W ACT W NOP! WHEADZW NOP' >@< PRES >@< NoP! W NOP' >@< ACT >@
o T T T T
Address /)k Row % />< Col n W 0< Row >€
O em
o TN e DCN | XY,
s i 1l i i
BAO, BA1 ‘ A Bank x %‘ / MBankx W‘ ‘/><Bankx5><‘ / / / M Bank x >@
: : R | : acz | : : :
tRAS’;E ‘ tRP 3
tRC | \ |
| | | |

DM

{DQSCK (M N {RPST

!

Case 1: 'AC (MIN) and 'DQSCK (MIN) | | | tRPRE !

08—t (| ¥
A ‘ ‘
o — (S0 D S )
| ! ! | ! ‘ ! ! Couzan | tacin |

IllllllilII‘FIIIEIIlilll+lll§lll3lll:llll3lll:lllIlll:llllll‘pllllllilll‘#lll

Case 2: 'AC (MAX) and 'DQSCK (MAX) tRPRE tDQS}k(MAX)\v . tRPST
os L ]

o ——
! ! | | ! ! ! ! ! ! tacMAx) B thz max)

| o
Transitioning Data Don’t Care

Notes: 1. NOPcommandsare shown for ease of illustration; other commands may be valid at these

times.

BL = 4.

The PRECHARGE command can only be applied at T5 if {RAS(MIN) ismet.

Disable auto precharge.

“Don’t Care” if A10isHIGH at T5.

DO n (or b) = data-out from column n (or column b); subsequent elementsare provided in

the programmed order.

7. Refer to Figure 35 on page 70, Figure 36 on page 71, and Figure 37 on page 72 for detailed
DQSand DQ timing.

SIS EAEN
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Figure 35: x4, x8 Data Output Timing - 'DQSQ, 'QH, and Data Valid Window

DQ (last data valid)

pleg ;
pleg :
plel ; : . _
D4 . . /
DQ* — : :
el \
DQ (first data no longer valid) : : —
| 1 | |
‘ ‘ tQH5 tQH5 tQH5 tQH5
DQ (last data valid) - - T2 Ton ! T T3n
DQ (first data no longer valid) L L T2 i\ T2n : T3 i T3n ——
All DQ and DQS collectively® w - @ 3 Tan
Earliest signal transition —»
Latest signal transition - -
Data Data Data Data
valid valid valid valid
window window window window

Notes: 1. 'HPisthe lesser of 'CL or !CH clock transition collectively when a bank is active.
2. 'DQSQ isderived at each DQSclock edge, isnot cumulative over time, beginswith DQS
transition, and endswith the last valid DQ transition.

3. DQtransitioning after DQStransition define the 'DQSQ window. DQStransitionsat T2 and
T2n are an “early DQS’; at T3, a “nominal DQS’; and at T3n, a “late DQS’.

4. For a x4, only two DQ apply.
'QH isderived from 'HP: 'QH = 'HP - tQHS
6. The data valid window isderived for each DQStransitions and isdefined as'QH - 'DQSQ.

o
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Aicron

x16 Data Output Timing —'DQSQ, 'QH, and Data Valid Window

Figure 36:
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[ I |
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DQ (last data valid)! — : T2 ! Ton 3 | an |
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‘ ‘ I
DQ8-DQ15 and UDQS collectively® ‘ T Ton T Tan _
‘ ‘
— =1 [~ = _
Data valid Data valid Data valid Data valid
window window window window

Notes: 1. 'HPisthe lesser of !CL or !CH clock transition collectively when a bank is active.
2. 'DQ isderived at each DQSclock edge, isnot cumulative over time, beginswith DQS
transition, and endswith the last valid DQ transition.
3. DQtransitioning after DQStransition define the 'DQSQ window. LDQSdefinesthe lower
byte, and UDQSdefinesthe upper byte.
DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.
'QH isderived from 'HP: 'QH = 'HP - '\QHS
The data valid window isderived for each DQStransition and is'QH - IDQSQ.
DQ8, DQ9, DQ10, D11, DQ12, DQ13, DQ14, or DQ15.

No ok~
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Data Output Timing —'AC and 'DQSCK

Figure 37:

DQSor LDQSUDQS?

DQ (last data valid)
DQ (first data valid)

All DQ values collectively4

Notes:

WRITE

Note:

512Mb: x4, x8, x16 DDR SDRAM
Operations

AL T2

_____

T2n T3

_______________

’

Ve ===y

tHZ (MAX)|

l‘DQ&)KZ (MAX) "
f[‘t DQSCK2 (MIN) |

_____
|

tDQSCK2 (MAX

‘ )
| tDQSCK2 (MIN) \

W

‘ ] ‘ (T2 ‘><T2n§ XT3 T>|<T3n§ X4 Xan ><T5 s )
‘ ‘ II§T2>< TonX T3>| T e X T 15X Ten

‘ ‘ ‘ ‘ 7 - T4> <F4r> <T5 <r5n -

DGO D D
tacs MmNy~ AL tacs (Max) J
tHZ (MAX)
1. READ command with CL = 2 issued at TO.

'DQSCK isthe DQSoutput window relative to CK and isthe “long term” component of the
DQS skew.

DQ transitioning after DQStransition define the 'DQSQ window.

All DQ must transition by 'DQSQ after DQStransitions, regardless of 'AC.

'ACisthe DQ output window relative to CK and isthe “long term” component of DQ skew.
YL.Z (MIN) and 'AC (MIN) are the first valid signal transitions.

'HZ (MAX) and 'AC (MAX) are the latest valid signal transitions.

<>|
tLZ (MIN) J

o

No ok

During a WRITE command, the value on input Al0 determines whether or not auto
precharge is used. Ifauto precharge is selected, the row being accessed will be
precharged at the end of the WRITE burst (after '"WR time); if auto precharge is not
selected, the row willremain open for subsequent accesses.

Input data appearing on the DQ is written to the memory array subject to the DM input
logic level appearing coincident with the data. Ifa given DM signal is registered LOW, the
corresponding data will be written to memory. If the DM signal is registered HIGH, the
corresponding data inputs will be ignored, and a WRITE will not be executed to that
byte/column location.

For the WRITE commands used in the following illustrations, auto precharge is dis-
abled.

During WRITE bursts, the first valid data-in element will be registered on the first rising
edge of DQS following the WRITE command, and subsequent data elements will be
registered on successive edges of DQS. The LOW state on DQS between the WRITE
command and the first rising edge is known as the write preamble; the LOW state on
DQS following the last data-in element is known as the write postamble.

The time between the WRITE command and the first corresponding rising edge of DQS
(‘DQSS) is specified with a relatively wide range (from 75% to 125% of one clock cycle).
All of the WRITE diagrams show the nominal case, and where the two extreme cases
(that is, 'DQSS [MIN] and ‘DQSS [MAX]) might not be intuitive; they have also been
included. Figure 38 on page 74 shows the nominal case and the extremes of 'DQSS for BL
=4.Upon completion of a burst, assuming no other commands have been initiated, the
DQ willremain High-Z and any additional input data will be ignored.
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]

Data for any WRITE burst may be concatenated with or truncated with a subsequent
WRITE command. In either case, a continuous flow of input data can be maintained.
The new WRITE command can be issued on any positive edge of clock following the
previous WRITE command. The first data element from the new burst is applied after
either the last element ofa completed burst or the last desired data element of a longer
burst which is being truncated. The new WRITE command should be issued x cycles
after the first WRITE command, where x equals the number of desired data element
pairs (pairs are required by the 2n-prefetch architecture).

Figure 39 on page 75 shows concatenated bursts of 4. An example of nonconsecutive
WRITEsS is shown in Figure 40 on page 76. Full-speed random write accesses within a
page or pages can be performed as shown in Figure 41 on page 76.

Data for any WRITE burst may be followed by a subsequent READ command. To follow a
WRITE without truncating the WRITE burst, '"WTR should be met, as shown in Figure 42
on page 77.

Data for any WRITE burst may be truncated by a subsequent READ command, as shown
in Figure 43 on page 78.

Note that only the data-in pairs that are registered prior to the "WTR period are written
to the internal array, and any subsequent data-in should be masked with DM, as shown
in Figure 44 on page 79.

Data for any WRITE burst may be followed by a subsequent PRECHARGE command. To
follow a WRITE without truncating the WRITE burst, “WR should be met, as shown in
Figure 45 on page 80.

Data for any WRITE burst may be truncated by a subsequent PRECHARGE command, as
shown in Figure 46 on page 81 and Figure 47 on page 82. Only the data-in pairs regis-
tered prior to the "WR period are written to the internal array; any subsequent data-in
should be masked with DM, as shown in Figures 46 and 47. After the PRECHARGE
command, a subsequent command to the same bank cannot be issued until 'RP is met.
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Figure 38: WRITE Burst

T0 T T2 T2n T3
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A
1

T
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DQs lboss /

| togssNom) .
E Das /)\ ,Ibass | :
i oo WSO OEOTY |
i DM i
R i R i A e :

tDQss (MAX) ‘
DQS />\ | tDass

I S8 g 84
L IWEEX L EX I

Transitioning Data m Don’t Care

1. DI b =data-in for column b.

2. Three subsequent elementsof data-in are applied in the programmed order following DI b.
3. An uninterrupted burst of 4 isshown.

4. A10isLOW with the WRITEcommand (auto precharge isdisabled).

Notes:
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Figure 39: Consecutive WRITE-to-WRITE

0 T T ™ Ton T3 Tan T4 T4n i
CK# -

tDQss (NOM) tDQSS w | | | ‘ ‘

s T -/—\ﬁ_/ - j\_;f_\-_lm

P ISHHR O OB IO IO RO

o ILAOLOLOLOLo Lo
Transitioning Data Don’t Care

Notes: 1. DI b (or n) = data-in from column b (or column n).
2. Three subsequent elementsof data-in are applied in the programmed order following DI b.
3. Three subsequent elementsof data-in are applied in the programmed order following DI n.
4. An uninterrupted burst of 4 isshown.
5. Each WRITE command may be to any bank.
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Figure 40: Nonconsecutive WRITE-to-WRITE

conmma e XN o XY o W e ) e
0a IR L X PGB Y
ou 717 1TTTITTTN KON, KON AN AT

Transitioning Data Don’t Care

Notes: 1. DI b (or n) = data-in from column b (or column n).

2. Three subsequent elementsof data-in are applied in the programmed order following DI b.
3. Three subsequent elementsof data-in are applied in the programmed order following DI n.
4. An uninterrupted burst of 4 isshown.

5

. Each WRITE command may be to any bank.

Figure 41: Random WRITE Cycles

Command % WRITE >@< WR‘ITE >@< WF‘{ITE >@< WI‘RITE >@< W};{ITE

waares )BT X)X BN X8 XX BB X XN
Das I\ ‘ £ Y :/ Y :- \ /N St
oo W EIBRCIBECIZECIBECIBECIBECIBLCIBECIBEC)E
SV INYINYINVINVINVINVINVINTINT

Notes: 1. DI b (or xor nor aor g) =data-in from column b (or column x, or column n, or column a, or
column g).
2. b',x', n',a or g'indicate the next data-in following DO b, DO x, DO n, DO a, or DO g,
respectively.
3. Programmed BL =2, BL=4, or BL= 8 in casesshown.
4. Each WRITEcommand may be to any bank.
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Figure 42: WRITE-to-READ - Uninterrupting
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tDQSS (MAX) | | CL=2 ‘ ‘

DQ

Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b; DO n =data-out for column n.

2. Three subsequent elementsof data-in are applied in the programmed order following DI b.

3. An uninterrupted burst of 4 isshown.

4. "WTRisreferenced from the first positive CK edge after the last data-in pair.

5. The READ and WRITEcommands are to the same device. However, the READ and WRITE
commandsmay be to different devices, in which case 'WTRisnot required, and the READ
command could be applied earlier.

6. A10isLOW with the WRITEcommand (auto precharge isdisabled).
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Figure 43: WRITE-to-READ - Interrupting
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Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b; DO n =data-out for column n.

2. Aninterrupted burst of 4 isshown; two data elementsare written.

3. One subsequent element of data-in isapplied in the programmed order following DI b.

4. "WTRisreferenced from the first positive CK edge after the last data-in pair.

5. A10isLOW with the WRITEcommand (auto precharge isdisabled).

6. DQSisrequired at T2 and T2n (nominal case) to register DM.

7. If the burst of 8 isused, DM and DQSare required at T3 and T3n because the READ com-
mand will not mask these two data elements.
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Figure 44: WRITE-to-READ — Odd Number of Data, Interrupting
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Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b; DO n =data-out for column n.

2. Aninterrupted burst of 4 isshown; one data element iswritten.

3. 'WTRisreferenced from the first positive CK edge after the last desired data-in pair (not
the last two data elements).

4. A10isLOW with the WRITE command (auto precharge isdisabled).

5. DQSisrequired at T1n, T2, and T2n (nominal case) to register DM.

6. If the burst of 8 isused, DM and DQSare required at T3—T3n because the READ command
will not mask these data elements.
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Figure 45: WRITE-to-PRECHARGE — Uninterrupting
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Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b.

2. Three subsequent elementsof data-in are applied in the programmed order following DI b.

3. An uninterrupted burst of 4 isshown.

4. "WRisreferenced from the first positive CK edge after the last data-in pair.

5. The PRECHARGE and WRITE commands are to the same device. However, the PRECHARGE
and WRITE commands may be to different devices, in which case 'WRisnot required, and
the PRECHARGE command could be applied earlier.

6. A10isLOW with the WRITEcommand (auto precharge isdisabled).

DIOR XéxEx1a, Gore2 m - 5121 DDRL Fe. N: ore DD Fev. 209 EN 80 o, e e O 1 5200 Mieran Toennaiogy. nc. Al rightareserued.



. 512Mb: x4, x8, x16 DDR SDRAM
&EICI‘OI‘I Operations

Figure 46: WRITE-to-PRECHARGE - Interrupting
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Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b.

2. Subsequent element of data-in isapplied in the programmed order following DI b.
3. Aninterrupted burst of 8 isshown;two data elementsare written.

4. "WRisreferenced from the first positive CK edge after the last data-in pair.

5. A10isLOW with the WRITE command (auto precharge isdisabled).

6. DQSisrequired at T4 and T4n (nominal case) to register DM.

7

. If the burst of 4 isused, DQSand DM are not required at T3, T3n, T4, and T4n.
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Figure 47: WRITE-to-PRECHARGE - Odd Number of Data, Interrupting

TO T Tin T2 T2n T3 T3n T4 T4n 5 T6

——m e\ —— e m ey e A i m e - -

_______________ _———

DQS

Command %WR'TEW >@< >@< W W
T twR ‘ ‘RP
Address %E@FEW TN W(ﬁi‘%w@{/ /)@W
e e S i s
I\ )\
o TS ’ T |
o I N NN N NN
e i i

tDQss (MAX) tbQss

b KXY,

Transitioning Data Don’t Care

Notes: 1. DI b =data-in for column b.

2. Aninterrupted burst of 8 isshown; one data element iswritten.

3. 'WRisreferenced from the first positive CK edge after the last data-in pair.
4. A10isLOW with the WRITEcommand (auto precharge isdisabled).

5. DQSisrequired at T4 and T4n (nominal case) to register DM.

6

. If the burst of 4 isused, DQSand DM are not required at T3, T3n, T4, and T4n.
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Bank WRITE — Without Auto Precharge

Figure 48:

512Mb: x4, x8, x16 DDR SDRAM

Operations
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<> I
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Transitioning Data Don’t Care

1. NOPcommandsare shown for ease of illustration; other commands may be valid at these
times.

2B

BL =
Disable auto precharge.

“Don’t Care” if A10isHIGH at T8.
DI b = data-in from column b; subsequent elementsare provided in the programmed order.
See Figure 50 on page 85 for detailed DQ timing.

4.
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WRITE — DM Operation

Figure 49:

512Mb: x4, x8, x16 DDR SDRAM

Operations

Command
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Notes:

Transitioning Data Don’t Care

1. NOPcommands are shown for ease of illustration; other commands may be valid at these
times.

12 Ll o

BL = 4.

Disable auto precharge.

“Don’t Care” if A10isHIGH at T8.
DI b = data-in from column b; subsequent elementsare provided in the programmed order.
See Figure 50 on page 85 for detailed DQ timing.

PDF: 09005aef80a1d9d4/Source: 09005aef82a95a3a

DDR x4x8x16_Core2.fm - 512Mb DDR: Rev. N; Core DDR Rev. B 2/09 EN

84

Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.

©2000 Micron Technology, Inc. All rights reserved.



© 512Mb: x4, x8, x16 DDR SDRAM
Mcron Operations

Figure 50: Data Input Timing
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I:l Transitioning Data Don’t Care

DM

Notes: 1. WRITEcommand issued at TO.

2. 'DSH (MIN) generally occursduring 'DQSS (MIN).

3. 'DSS(MIN) generally occursduring 'DQSS (MAX).

4. For x16, LDQScontrolsthe lower byte and UDQScontrolsthe upper byte.
5

. DI b=data-in from column b.

PRECHARGE

The bank(s) will be available for a subsequent row access a specified time ('RP) after the
PRECHARGE command is issued, except in the case of concurrent auto precharge. With
concurrent auto precharge, a READ or WRITE command to a different bank is allowed as
longasitdoes notinterrupt the data transfer in the current bank and does not violate
any other timing parameters. Input Al0 determines whether one or all banks are to be
precharged, and in the case where only one bank is to be precharged, inputs BAO, BAl
select the bank. When all banks are to be precharged, BAO, BAl are treated as “Don’t
Care.” Once a bank has been precharged, it is in the idle state and must be activated
prior to any READ or WRITE commands being issued to that bank. APRECHARGE
command will be treated as a NOP if there is no open row in that bank (idle state), or if
the previously open row is already in the process of precharging.

Auto Precharge

Auto precharge is a feature which performs the same individual-bank precharge func-
tion described above, but without requiring an explicit command. This is accomplished
by using Al0 to enable auto precharge in conjunction with a specific READ or WRITE
command. Aprecharge of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst.
Auto precharge is either enabled or disabled for each individual READ or WRITE
command. This device supports concurrent auto precharge ifthe command to the other
bank does not interrupt the data transfer to the current bank.

Auto precharge ensures that the precharge is initiated at the earliest valid stage within a
burst. This “earliest valid stage” is determined as if an explicit PRECHARGE command
was issued at the earliest possible time, without violating 'RAS (MIN), as described for
each burst type in “Operations” on page 52. The user must not issue another command
to the same bank until the precharge time (\RP) is completed.
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Figure 51: Bank READ —with Auto Precharge
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Notes: 1. NOPcommandsare shown for ease of illustration; other commands may be valid at these
times.
2. BL=4.
3. The READ command can only be applied at T3 if {RAPis satisfied at T3.
4. Enable auto precharge.
5. 'RPstartsonly after 'RAShasbeen satisfied.
6. DO n =data-out from column n; subsequent elementsare provided in the programmed
order.
7. Refer to Figure 35 on page 70, Figure 36 on page 71, and Figure 37 on page 72 for detailed
DQSand DQ timing.
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Bank WRITE —with Auto Precharge

Figure 52:
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Notes: 1. NOPcommandsare shown for ease of illustration; other commands may be valid at these
times.

2. BL=4.
Enable auto precharge.

4. DI n=data-out from column n; subsequent elementsare provided in the programmed
order.

5. See Figure 50 on page 85 for detailed DQ timing.

w

AUTO REFRESH

During auto refresh, the addressing is generated by the internal refresh controller. This
makes the address bits a “Don’t Care” during an AUTO REFRESH command. The DDR
SDRAM requires AUTO REFRESH cycles at an average interval of 'REFI (MAX).

To allow for improved efficiency in scheduling and switching between tasks, some flexi-
bility in the absolute refresh interval is provided. Amaximum of eight AUTO REFRESH
commands can be posted to any given DDR SDRAM, meaning that the maximum abso-
lute interval between any AUTO REFRESH command and the next AUTO REFRESH
command is 9 x 'REFI(='"REFC). JEDEC specifications only support 8 x 'REFI; Micron
specifications exceed the JEDEC requirement by one clock. This maximum absolute
interval is to allow future support for DLLupdates, internal to the DDR SDRAM, to be
restricted to AUTO REFRESH cycles, without allowing excessive drift in '"AC between
updates.
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Although not a JEDEC requirement, to provide for future functionality features, CKE
must be active (HIGH) during the AUTO REFRESH period. The AUTO REFRESH period
begins when the AUTO REFRESH command is registered and ends 'RFC later.

Figure 53: Auto Refresh Mode
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Notes: 1. NOPcommandsare shown for ease of illustration; other valid commandsmay be possible at
these times. CKE must be active during clock-positive transitions.

2. NOPor COMMAND INHIBIT are the only commands allowed until after 'RFCtime; CKE must
be active during clock-positive transitions.

3. The second AUTO REFRESH isnot required and isonly shown asan example of two back-to-
back AUTO REFRESH commands.

4. “Don’t Care” if A10isHIGH at thispoint; A10 must be HIGH if more than one bank isactive
(that is, must precharge all active banks).

5. DM, DQ, and DQSsignalsare all “Don’t Care” /High-Z for the operations shown.
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SELF REFRESH

When in the selfrefresh mode, the DDR SDRAM retains data without external clocking.
The DLL is automatically disabled upon entering SELF REFRESH and is automatically
enabled upon exiting SELF REFRESH (a DLL reset and 200 clock cycles must then occur
before a READ command can be issued). Input signals except CKE are “Don’t Care”
during SELF REFRESH. VREF voltage is also required for the full duration of SELF
REFRESH.

The procedure for exiting SELF REFRESH requires a sequence of commands. First, CK
and CK# must be stable prior to CKE going back HIGH. Once CKE is HIGH, the DDR
SDRAM must have NOP commands issued for "XSNR because time is required for the
completion of any internal refresh in progress. Asimple algorithm for meeting both
refresh and DLLrequirements is to apply NOPs for 'XSRD time, then a DLL RESET (via
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Figure 54:

512Mb: x4, x8, x16 DDR SDRAM
Operations
]

the extended mode register) and NOPs for 200 additional clock cycles before applying a
READ. Any command other than a READ can be performed '"XSNR (MIN) after the DLL
reset. NOP or DESELECT commands must be issued during the "XSNR (MIN) time.

Self refresh is not supported on automotive tempature (AT) devices.

Self Refresh Mode
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Notes:

1.

o RN

8.
9.

Don't Care

Clock must be stable until after the SELF REFRESH command hasbeen registered. A change
in clock frequency is allowed before Ta0, provided it iswithin the specified 'CK limits.
Regardless, the clock must be stable before exiting self refresh mode—that is, the clock
must be cycling within specifications by Ta0.
NOPs are interchangeable with DESELECT commands.
AUTO REFREH isnot required at thispoint but ishighly recommended.
Device must be in the all banksidle state prior to entering self refresh mode.
'XSNRisrequired before any non-READ command can be applied; that isonly NOP or DESE-
LECT commands are allowed until Tb1.
IXSRD (200 cycles of a valid clock with CKE = HIGH) isrequired before any READ command
can be applied.
Asa general rule, any time self refresh mode isexited, the DRAM may not re-enter the self
refresh mode until all rowshave been refreshed via the AUTO REFRESH command at the
distributed refresh rate, 'REF, or faster. However, the self refresh mode may be re-entered
anytime after exiting if each of the following conditionsis met:
7a. The DRAM had been in the self refresh mode for a minimum of 200msprior to exiting.
7b. 'XSNRand 'XSRD are not violated.
7c. At least two AUTO REFRESH commands are performed during each 'REFl interval while
the DRAM remainsout of self refresh mode.
If the clock frequency ischanged during self refresh mode, a DLL reset isrequired upon exit.
Once the device isinitialized, VREF must alwaysbe powered within specified range.

Exit self refresh mode’
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Power-down (CKE Not Active)

Unlike SDR SDRAMs, DDR SDRAMs require CKE to be active at all times an access is in
progress, from the issuing of a READ or WRITE command, until completion of the
access. Thus a clock suspend is not supported. For READs, an access completion is
defined when the read postamble is satisfied; for WRITEs, when the write recovery time
(*WR) is satisfied.

Power-down, as shown in Figure 55 on page 91, is entered when CKE is registered LOW
and all criteria in Table 33 on page 47 are met. If power-down occurs when all banks are
idle, this mode is referred to as precharge power-down;if power-down occurs when a
row is active in any bank, this mode is referred to as active power-down. Entering power-
down deactivates the input and output buffers, excluding CK, CK#, and CKE. For
maximum power savings, the DLLis frozen during precharge power-down mode. Exiting
power-down requires the device to be at the same voltage and frequency as when it
entered power-down. However, power-down duration is limited by the refresh require-
ments of the device ("REFC or '"REFC zp).

While in power-down, CKE LOW and a stable clock signal must be maintained at the
inputs of the DDR SDRAM, while all other input signals are “Don’t Care.” The power-
down state is synchronously exited when CKE is registered HIGH (in conjunction with a
NOP or DESELECT command). Avalid executable command may be applied one clock
cycle later.
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Figure 55: Power-Down Mode
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Notes: 1. Once initialized, VREF must alwaysbe powered within the specified range.

2. If thiscommand isa PRECHARGE (or if the device isalready in the idle state), then the
power-down mode shown isprecharge power-down. If thiscommand isan ACTIVE (or if at
least one row isalready active), then the power-down mode shown isactive power-down.

3. No column accesses are allowed to be in progress at the time power-down isentered.
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