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IBM0664404ET3A
IBM0664804ET3A

64Mb Double Data Rate Synchronous DRAM

Special Features
+ 125MHz max clock freq @ CAS Latency=2
+ 133MHz max clock freq @ CAS Latency=2.5
+ 143MHz max clock freq @ CAS Latency=3

« On-chip DLL to aligh output data with input clock
» DLL disable option via Extended Mode Register

Features
* Double Data Rate (DDR)

« Bidirectional Data Strobe with one clock cycle
preamble and one-half clock postamble

« On-chip DLL
» Quad bank operation
» Fully synchronous

» Programmable burst type, burst length, and
CAS latency

» Burst Read and Write operations

» Read termination by Burst Stop Command

« Auto Precharge and Auto Refresh modes

» 4K Refresh cycles/64ms

« SSTL 2 1/O for data I/0O, data mask, data strobe

« LVTTL Inputs for address and control

« Differential clock inputs (SSTL_2)

* Vpp =3.3V£0.3V, Vppg =25V £0.2V
+ 66-pin TSOP-II (0.65mm lead pitch)

Timing Options Marking
83 MHz clock rate -12
100 MHz clock rate -10

Key Timing Parameters

Speed Grade Clock Frequency DQ Burst Frequency
@ ClL=2 (MHz) (MHz)
-12 83 166
-10 100 200

Description

The IBM0664404ET3A and IBM0644804ET3A DDR
SDRAMs are high speed CMOS 64Mb Double Data
Rate (DDR) Synchronous DRAM devices, organized
as x4 and x8, respectively. These devices are four
(4) bank SDRAMS, but unlike preceding SDRAMSs,
these devices incorporate an additional bi-direc-
tional data strobe pin (DQS) to allow high speed
read and write operations on both edges of the sys-
tem clock. During Read operation, the DRAM drives
a data strobe off chip along with the output data.
Here, the data strobe is aligned with the leading
edge of the valid output data window. During Write
operation, input data, data mask, and a data strobe
are supplied to the DRAM by a memory controller.
The data strobe generated by the controller should
be nominally centered within the valid data-input
window. Unlike previous generation SDRAMs, DDR
SDRAM devices require a write latency of one clock
cycle for input data and mask data with respect to
the Write command. This latency reduces chip
power dissipation by allowing data input receivers to
remain powered down until Write commands are
registered by the device.

DDR devices also integrate an on-chip DLL (Delay
Locked Loop) circuit to shift the output data in time

such that the output data is nominally aligned with
the input clock of the DRAM (CK). The DLL will stay
locked to the input clock as long as the input clock
frequency remains within the valid operating range
for DLL operation. The DLL is only used to shift the
output data with respect to the input clock and can
be disabled through a mode register set command
to save power or when it is desired to slow the clock
frequency beyond the minimum specified range for
proper DLL operation.

An Auto Precharge function can be enabled to pro-
vide a self-timed precharge at the end of the burst
read or write operation. Once an Auto Precharge
command is issued, it is forbidden to issue a new
command to terminate or interrupt the operation. An
Auto Refresh mode is provided in addition to a
power saving Power Down mode.

The DDR devices use a 2-bit prefetch internal pipe-
lined architecture to achieve high speed operation,
which allows the column address to be changed
every clock cycle (1N rule). Interleaved bank opera-
tion can hide precharge cycles and provide seam-
less high speed random operation within the device.
The part is designed to operate with a 3.3V power

supply.
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IBM0664404ET3A

IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM Advance
Pin Configuration
Vop Voo g1 66 [ Vss Vss
NC DQO O 2 65 [1 DQ7 NC
Vbba Vbba 0 s 64 [1 Vssa Vssa
NC NC O 4 63 [0 NC NC
DQo DQ1 0 s 62 1 DQs6 DQ3
NC NC 07 60 1] NC NC
NC DQ2 O s 59 1 DQ5 NC
Vbba Vbba (W 58 [1 Vssa Vssa
NC NC 0 1o 57 1 NC NC
DQ1 DQ3 O 11 56 [1 DQ4 DQ2
Vssa Vssa O 12 55 [ Voba | Voba
NC NC O 13 54 1 NC NC
NC NC O 14 53 H NC NC
Vbbpa Vbpa g 15 52 g Vssa | Vssa
NC NC O 16 51 1 DQS DQS
NC NC O 17 50 [ NC NC
Vop Vop L 18 49 [ VREF VRer
NC NC O 19 48 1 Vsg Vgg
NC NC 0 20 47 O DM DM
WE WE O 21 46 [ CK CK
CAS CAS O 22 45 0 CK CK
RAS RAS 23 44 1 CKE CKE
[ cs O 24 43 1 NC NC
NC NC O 25 42 1] NC NC
BAO BAO O 2s 41 (1 Al1 Al
BA1 BA1 O 27 40 [ A9 A9
A10/AP | A10/AP O 28 39 A8 A8
AO A0 O 29 38 O A7 A7
Al Al O 30 37 [ AB AB
A2 A2 O 31 36 O A5 A5
A3 A3 O a2 35 1 Ad Ad
Vop Vbp O s3 34 0 Vss Vss
8Mb x 8
16Mb x 4
©IBM Corporation. All rights reserved. 64mbddr.00
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IBM0664404ET3A
IBM0664804ET3A

64Mb Double Data Rate Synchronous DRAM

Pin Description

Symbol Function Symbol Function
CK, CK! Differential System Clock Inputs Ag-Ag Column Address Inputs (x8)
CKE Clock Enable DQS Bidirectional Data Strobe
CS Chip Select DM Data Input Mask
RAS Row Address Strobe DQy-DQ; Data Inputs/Outputs (DDR)
CAS Column Address Strobe NC No Connection (Chip to pin)
WE Write Enable Vop Supply Voltage
BAp, BA; Bank Selects (4 Bank) Vss Ground
Ag-Aqy Row Address Inputs Vbba Supply Voltage for DQs
A, o/AP Auto Precharge Vssa Ground for DQs
Ag-Ag Column Address Inputs (x4) VRer Ref. Voltage for SSTL inputs
1. 1%; %?%CK)K must cross each other during transition and the ﬁ.minc‘; reference point for the differential clock pair is at the intersec-
o anc CK. It is permisable to use a single ended CK input to time the DDR device so long as the CK input is connected

Input/Output Functional Description

Symbol Type Function
The differential system clock inputs. All of the SDRAM inputs are sampled on the rising edge
CK, CK Input (SSTL) of the clock except DQs and DMs which are sampled on both edges of the DQS.
CKE Input (SSTL) Activates the CK signal when high and deactivates the CK signal when low. By deactivating
P the clock, CKE low indicates the Power Down mode or the Self Refresh mode.
CS enables the command decoder when low and disables the command decoder when high.
CS Input (SSTL) When the command decoder is disabled, new commands are ignored but previous opera-
tions continue.
RAS Input (SSTL)
— Control inputs that are issued to the command decoder. See the Operative Command Table
CAS Input (SSTL) (Part 1 of 6) beginning on page 34 for details.
WE Input (SSTL)
DQS Input/Output (SSTL) i Data Strobe for input and output data, active on both edges.
DM Input (SSTL) Masks Write data when high, issued concurrently with input data. Both DM and DQ have a
P write latency of one clock once the Write command is registered into the SDRAM.
DQq - DQy Input/Output (SSTL): Data Inputs/Outputs are multiplexed on the same pins.
BAo, BA; Input (SSTL) Selects which bank is to be active.
Row/Column addresses are multiplexed on the same pins.
Ag - Aqq Input (SSTL) Row addresses: RAg-RA;1; Column addresses: CAy-CAg.
Address A issued at Column time is used to invoke or disable Auto Precharge.
Vpp: Vss Supply Power and ground for the input buffers and the core logic.
Vppa: Vssa Supply Isolated power supply and ground for the output buffers to provide improved noise immunity.
VREr Supply Reference voltage for SSTL inputs.
64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.
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IBM0664404ET3A

IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM Advance
Ordering Information
Part Number Power Self Refresh | Power Supply | Speed Package Notes
IBM0O664404ET3A-10 100
SP Y 3.3V 66 pin TSOP-II 1
IBM0O664404ET3A-12 83
IBMO664804ET3A-10 100
SP Y 3.3V 66 pin TSOP-II 1
IBMO664804ET3A-12 83
1. SP = Standard Power.
©IBM Corporation. All rights reserved. 64mbddr.00
8/5/98

Use is further subject to the provisions at the end of this document.

Page 4 of 65



>
o
<
o
3
Q
o

IBM0664404ET3A
IBM0664804ET3A

64Mb Double Data Rate Synchronous DRAM

16Mb x 4 Block Diagram

4
iDQS E iWE
i . &
CK , Data Input Buffer/ Register O\ iy
Serial to Parallel g =
CAO0
Bank Select
8
] 4096 x 256 x 16 5
7} 2 .
4096 x 256 x 16 g o P =
) 5] o £ = x4
T 5 B 2 =] 3. D
€8 8 4096 x 256 x 16 3 S £/ bQ
Sa& ) 2 ]
= 3 o
gn%: 8 4096 x 256 x 16 ~
_ls i
CK 7 CAO0
)
5]
[ang
ADD—| 3
2
3 Column Decoder
BAO-1—{< L]
- 3
: g 3
-5 E Latency & Burst Length
< 3 c
3 T 3
3 ° DQS
o S
Mode Register 5
icke ] CKT
iMRS
iRAs lautoref  we | iCAS
T ibm
| Timing Register ‘
CK C KE CS RAS CAS WE DM
64mbddr.00 ©IBM Corporation. All rights reserved.
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IBM0664404ET3A ==STE
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM Advance
8Mb x 8 Block Diagram
8
iDQS E iWE
: . &
CK , Data Input Buffer/ Register O Jipw
Serial to Parallel g =
CAO ’
Bank Select
16
] 4096 x 256 x 16 5
2 3 3
4096 x 256 x 16 g ol 5 |3
5 3 2 E 5 x8
ts S 4096 x 256 x 16 5 2 £(DQ
5 @ 0 O 5
o a] i ©
= 3 o
E’g%: 0? 4096 x 256 x 16 i B
e Q
CK —{ 2 o CAOT
)
Q
o
ADD—|
g
3 Column Decoder
BAO-1—{ < L
- 3
2 3
T o
- 35 E Latency & Burst Length
< 2 c
3 ! y &
- Q [ DQs
a S
Mode Register 5
icke ] CKT
iMRS
iRas  lautoref  fwe | icAS
T ibm
| . Timing Register
CK CKE CS RAS CAS WE DM
©IBM Corporation. All rights reserved. 64mbddr.00
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IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM

Power-Up Sequence to Enable and Reset (Lock) the DLL

Description

The following sequence is recommended for Power-Up.

1. Apply power and attempt to maintain CKE below 0.8V. Apply VDD before or coincidentally with VDDQ.
Apply VDDQ before or coincidentally with VTT and Vgegg

Start the clocks (CK and CK).
Maintain stable power, stable clock and a NOP condition at the inputs for a minimum of 200us.
Take the CKE pin above 2.0V.

Issue the Extended Mode Register Set command for “DLL Enable”. Issue a Mode Register Set command
for “DLL Reset”. Wait an additional 200 clock cycles to lock the DLL.

6. Issue a Precharge command for all banks of the device.

ok~ @ N

7. Issue two or more Auto Refresh commands.
8. Issue a Mode Register Set command to initialize the device for the desired operating mode.

Note: Steps 7 and 8 can be reversed (the order is irrelevant).

Power-Up Command Sequence

| | | | | | | | | | | | | | | | | | | |

|[+=—F—=|min. 200 cycles | |

}‘ 2c|ockm|n
:G”' 08 MWWMMWW\D

Gommand D-:Smm § f MRS AW ]
S SN Y
CKEJ + I + I 4 I I I I I I I I I I I I I
DLL DLL  Precharge Auto
Enable Reset  All Banks Refresh

64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.
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IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM Advance

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of the DDR SDRAM. It is used
to program CAS latency, addressing mode, burst length, test mode, DLL reset, and various other specific
options to make the DDR SDRAM useful for a variety of applications. The default value of the mode register
is not specified at Power-Up, therefore the mode register must be written after Power-Up to select the operat-
ing mode of the device. The mode register is written by asserting low on CS, RAS, CAS, and WE. The DDR
SDRAM should be in an idle state (non-power down mode) with CKE already high prior to programming the
mode register. The address pins (Ag-A;; and BAy,-BA) must be defined during the same cycle when the mode
register set command is issued. Two clock cycles are required to complete the write operation in the mode
register. The mode register contents can be changed via the MRS command when all banks are in the idle
state.

The mode register is divided into various fields depending on functionality. The burst length uses Ag-A,, burst
type uses A, and CAS latency (read latency from column address) uses A,-Aq. A, A is used to define test
mode, DLL Reset, or normal operation. BA, and BA; must be set to low to enable the normal mode register
functions. Refer to the Extended Mode Register Functions table for additional DDR programmable modes.

Mode Register Functions

BA;  BAy i Ay i A Ag Ag A, Ag Ag Ay Ag A, Ay Ay | Address Key
0 0 RFU Mode CAS Latency BT Burst Length Mode Register
Ag A, Operating Mode
As Burst Type
%] %] Normal
-
1%} Sequential
1 1%} Reset DLL
1 Interleave
1 1 Test Mode
CAS Latency Burst Length
Ag As Ay Latency Ay Ay Ao Sequential Interleave
%] %] Reserved %] %] Reserved Reserved
1] 1 Reserved %] 1 2 2
%] 1 %] 2 %] 1 %] 4 4
%] 1 1 3 %] 1 1 8 8
1 %] %] Reserved 1 %] 1] Reserved Reserved
1 %] 1 Reserved (1.5) 1 %] 1 Reserved Reserved
1 1 %] 25 1 1 %] Reserved Reserved
1 1 1 Reserved (3.5) 1 1 1 Reserved Reserved
* RFU (Reserved for future use)
should stay “0” during MRS cycle.
©IBM Corporation. All rights reserved. 64mbddr.00
Use is further subject to the provisions at the end of this document. 8/5/98
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Extended Mode Register Set (EMRS)

The extended mode register provides extended address space for additional JEDEC approved DDR operat-
ing modes. This extended address space is accessible by driving Bank Address BA, high when the mode
register set command is issued. Address bit A, defines whether the DLL is enabled or disabled. Address bits
A,y are reserved at this time.

Extended Mode Register Functions

BA1 BAO A1 1 A1 0 Ag A8 A7 A6 A5 A4 A3 Az A1 Ao Address Key

0 1 RFU DLL | Extended Mode Register
Ay DLL
%] Enable

* RFU (Reserved for future use) 1 Disable

should stay “0” during MRS cycle.

Mode Register / Extended Mode Register Set Timing

1 1 1 1 1 1 1 1
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9
| p—tck— trp |«<—2 Clock min—] | | |
CK. CK vy ./ ./ vy -/ ./ — ./ ./ vy
I I | | | | | | ' '
Command | X Pre-Al X YMRS/EMRSK ANy X |

Mode Register set (MRS) or Extended Mode Register Set (EMRS) can be issued only when all banks are in the idle state.

If a MRS command is issued to reset the DLL, then an additional 200 clocks must occur prior to issuing any new command
to allow time for the DLL to lock onto the clock.

64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.
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Burst Operation

Burst operation is used to provide a constant flow of data to memory locations (Write cycle) or from memory
locations (Read cycle). Two parameters define how the burst mode will operate: burst sequence and burst
length. These parameters are programmable and are determined by address bits A,-A; during the Mode Reg-
ister Set command. Burst type defines the sequence in which the burst data will be delivered or stored to the
SDRAM. Two types of burst sequence are supported: sequential and interleave. The burst length controls the
number of bits that will be output after a Read command, or the number of bits to be input after a Write com-
mand. The burst length can be programmed to have values of 2, 4, or 8. See the Burst Length and Sequence
table below for programming information.

Burst Length and Sequence

Burst Length Starting Address (Ao, A4, Ag) Sequential Mode Interleave Mode
xx0 0,1 0,1
2
xx1 1,0 1,0
x00 0,1,2,83 0,1,2,83
x01 1,2,3,0 1,0,8,2
4 x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
8 100 4,56,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,38,4 5,4,7,6,1,0,8,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
©IBM Corporation. All rights reserved. 64mbddr.00
Use is further subject to the provisions at the end of this document. 8/5/98
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Bank Activate Command

The Bank Activate command is issued by holding CAS and WE high with CS and RAS low at the rising edge
of the clock. The DDR SDRAM has four independent banks, so two Bank Select addresses (BAg and BA;)
are supported. The Bank Activate command must be applied before any Read or Write operation can be exe-
cuted. The delay from the Bank Activate command to the first Read or Write command must meet or exceed
the minimum RAS to CAS delay time (tgcp(min)). Once a bank has been activated, it must meet the Bank
Active minimum time (tgpg Min) before the bank can be closed. The precharge time must be satisfied
(tgp(min)) before another Bank Activate command can be applied to the same bank. The minimum time inter-
val between interleaved Bank Activate commands (Bank A to Bank B and vice versa) is the Bank to Bank

delay time (tggp(min)).

Bank Activation Timing

(CAS Latency = 2; Burst Length = Any)
| | | | | | | | | |
|T0 |T1 |T2 |T3 |Tn |Tn+1 |Tn+2 |Tn+3 |Tn+4 | Tn+5
| | ' T | | | |
r—fRAs(mln) | | | 1Rp(min)_>|<_tRRp(min)_.|
| -— 1RCD(m|n)_> . | |
CK CK ~ ~ ~ ~ 7\ ~ ~ ~ r~
| - |\_ ) |\_ - |\_ - I J |\_ - |\_ - |\_ - |\_ - |\_ -
BA/Address | { Bank/Row ) | { Bank/Col ) ii { Bank ) | { Bank/Row ) | (Bank/Row ) |
I I I I I I I I I I
Command |  (Activate/A) (Reada ) Y8 ( Pren ) {(Activate/A ) {ActivatesB ) |
4
Begin Precharge Bank A
64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.
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IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM

Burst Read Operation

The Burst Read command in DDR SDRAM, as in traditional SDRAMS, is issued by asserting CS and CAS
low while holding RAS and WE high at the rising edge of the clock after tgcp from the Bank Activate com-
mand. The address inputs determine the starting address of the burst. The Mode Register sets the type of
burst (sequential or interleave) and the burst length (2, 4, or 8). The first output data is available after the CAS
latency from the Read command followed by consecutive data on both the rising and falling edges of the
clock (CK) and output data strobe (DQS) until the burst length is completed.

Data Strobe (DQS) and Data (DQ) as a Function of CAS Latency for Burst Read
Operation

Burst Read Operation (CAS Latency = 2; Burst Length = 4)
CK W - A ~ T\ VA VA VY T\ - ~ T\ ~ -

I I I I I I I I I
Command | XReIadX:X N?PX:X NIOPX:X NOPY X NoPY_ X N(I)PX:X NOPY X NIOPX:X N?PX |

T
DQS I
I I I
| i i { Do D2 A Ds) i
Burst Read Operation (CAS Latency = 2.5; Burst Length = 4)

CKW I - U Ty I - I~ U U -
! AN AN ./ ./ iy o AU . AU o

I

| X Read) X NoPY X NoPY_ X NoP{ X NorX X NOPY X NoPX X NOPY X NOPY |
I I I I I I I I I I
I
I

DQ

Command

DQs
I I M~ ] I I I
DQ | | | Do Ds | | | |

Burst Read Operation (CAS Latency = 3; Burst Length = 4)

CK, w I I~ ~ T\ T\ I~ T\ 7\ Ty U ~ T\ /

Command

X Read X X NoP X Y NopX X NorY X Nop X X Nop X X Nop X Y NopY X NopX |
I I
T M
| | [D, D, Y D3 } |
1 1

DQs

DQ

The edges of the output data (DQ) are nominally coincident with the edges of the output data strobe. The out-
put data drivers and output data strobe are driven by the same internal clock phase thus minimizing the skew
between DQS and DQ.

The edges of the output data (DQ) are also nhominally coincident with the edges of the input clock (CK) when
the DLL is enabled. If the DLL is disabled through the Extended Mode Register command or if the clock fre-
gquency falls below the minimum clock frequency required to keep the DLL locked to the input clock, then the
output data will no longer track the system clock. The output data will, however, continue to track the data
output strobe (DQS) signal.

©IBM Corporation. All rights reserved. 64mbddr.00
Use is further subject to the provisions at the end of this document. 8/5/98
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With the DLL enabled, all devices operating at the same frequency within a system are ensured to have the
same timing relationship between DQ and DQS relative to the CK input regardless of device density, process
variation, or technology generation.

The data strobe signal (DQS) is driven off chip simultaneously with the output data (DQ) during each read
cycle. The same internal clock phase is used to drive both the output data and data strobe signal off chip to
minimize skew between data strobe and output data. This internal clock phase is hominally aligned to the
input clock (CK) by the on-chip DLL. Therefore, when the DLL is enabled and the clock frequency is within the
specified range for proper DLL operation, the data strobe (DQS), output data (DQ), and the system clock
(CK) are all nominally aligned.

Since the data strobe and output data are tightly coupled in the system, the data strobe signal may be
delayed and used to latch the output data into the receiving device. The tolerance for skew between DQS and
DQ (tpasq) is tighter than that possible for CK to DQ (tac) or DQS to CK (tpasck)-

Output Data (DQ) and Data Strobe (DQS) Timing Relative to the Clock (CK) During
Read Cycles

(CAS Latency = 2.5; Burst Length = 4)

Command READ NOP ><:>< NOP ><::>< NOP >C NOP 7

| | — — tbasck(max)

| |
! | : — |e— tpasckimin) |
| tbasck —= | =
| : — |
DQS | | | | | \ I
| | ! —»l -—1AC(max)
| | | — [=—tac(min) |
| | | 1AC—><— | | |
| |
DQ | | : Do D, D» D3 >7
. . | S i —

The minimum time during which the output data (DQ) is valid is critical for the receiving device (i.e., a memory
controller device). This also applies to the data strobe during the read cycle since it is tightly coupled to the
output data. The minimum data output valid time (tpy) and minimum data strobe valid time (tpqsy) are detived
from the minimum clock high/low time minus a margin for variation in data access and hold time due to DLL
jitter and power supply noise.

64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.
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IBM0664804ET3A
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Output Data and Data Strobe Valid Window for DDR Read Cycles

(CAS Latency = 2; Burst Length = 2)

I
S R0 0 -0 -0 & E-3 0 ==

| | | ; ;
| | | | |
Das : : $ / ( \\ /{/
I : | oy |
| |
o : ! (03 /(C))
{otmin

Read Preamble and Postamble Operation

Prior to a burst of read data and given that the controller is not currently in burst read mode, the data strobe
signal (DQS), must transition from Hi-Z to a valid logic low. The is referred to as the data strobe “read pream-
ble” (trpge)- This transition from Hi-Z to logic low nominally happens one clock cycle prior to the first edge of
valid data.

Once the burst of read data is concluded and given that no subsequent burst read operations are initiated, the
data strobe signal (DQS) transitions from a logic low level back to Hi-Z. This is referred to as the data strobe
“read postamble” (tgpsT). This transition happens nominally one-half clock period after the last edge of valid
data.

Consecutive or “gapless” burst read operations are possible from the same DDR SDRAM device with no
requirement for a data strobe “read” preamble or postambile in between the groups of burst data. The data
strobe read preamble is required before the DDR device drives the first output data off chip. Similarly, the
data strobe postambile is initiated when the device stops driving DQ data at then end or termination of read
burst cycles.

©IBM Corporation. All rights reserved. 64mbddr.00
Use is further subject to the provisions at the end of this document. 8/5/98
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Data Strobe Preamble and Postamble Timings for DDR Read Cycles

(CAS Latency = 2; Burst Length = 2)

| I I I I
|TO

CK, CK
| | | |
| T T
| | | L | trpre(max) |
. | | !
| | 1RPRE(mIn) | -—r IRpST(min)
| | 7— '
DQS '
g M /) e
|
| | | IDQSQ(min) — |<— | 1RPST(max)
| | | |
| | |
DQ | | |
| | |

—» | -— IDQSQ(max)

Consecutive Burst Read Operation and Effects on the Data Strobe Preamble and
Postamble

Burst Read Operation (CAS Latency = 2; Burst Length = 4)
I I I I I I I I I I
_ AN VY Y Y ~ T\ T

Command XRe;dAX:X NGP X:XRe;dBX:X N(IJP)CX N(IJP)CX N(I)PX:X NoP XX NoP XX N(I)PX |
T T T T T T T T T

o L T
I I I I I I I
bQ | i i
I I

I I I I I I
Burst Read Operation (CAS Latency = 2; Burst Length = 4)

| | |
Command Y(Reada) Y NOP Y X NOP Y YReadg)( X NOP Y Y _NOP Y Y NOP Y X NOP Y }(NOPY |
| | | | | | |

| |

I I I

00, % | a
I I

I I

| |

DQS | } i [ \ 1 \ ( ,\ ) f \ r \ I I

| | | | | | | |

0q | . . Y 1Y G2 G2 5% .

Postamble/Preamble
induced glitch

64mbddr.00 ©IBM Corporation. All rights reserved.
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Burst Stop Command

The Burst Stop command is valid only during burst read cycles and is initiated by having RAS and CAS high
with CS and WE low at the rising edge of the clock. When the Burst Stop command is issued during a burst
Read cycle, both the output data (DQ) and data strobe (DQS) go to a high impedance state after a delay
(LgsT) equal to the CAS latency programmed into the device. If the Burst Stop command is issued during a

burst Write cycle, the command will be treated as a NOP command.

Read Terminated by Burst Stop Command Timing

(CAS Latency = 2, 2.5, 3; Burst Length = 4)
I I I I I I I
- I~ T\ ' ' I~ T\ I~ T\ T\ /
CK, CK J J ) ) J ) J
l l l l l l
Command X Read X X BST X }(NoP X X 'Nop X X Nop X X NopP X )
T T T T T T
| | Lest | | ! | |
pas | ! { 7\ ) | |
CAS Latency =2 | | | | | | |
ba | | | Po A Px | |
Das | | | \ | I\ | |
CAS Latency =2.5 | | | | | | |
DQ | | | Do X D1 }— |
| | Laer | | | | |
oo LT
CAS Latency = 3 | | | I | ! |
pQ | I | I Do
I I I I I I I

©IBM Corporation. All rights reserved.
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Burst Write Operation

The Burst Write command is issued by having CS, CAS, and WE low while holding RAS high at the rising
edge of the clock. The address inputs determine the starting column address. The memory controller is
required to provide an input data strobe (DQS) to the DDR SDRAM to strobe or latch the input data (DQ) and
data mask (DM) into the device. During Write cycles, the data strobe applied to the DDR SDRAM is required
to be nominally centered within the data (DQ) and data mask (DM) valid windows. The data strobe must be
driven high nominally one clock after the write command has been registered. Timing parameters tpqgg(min)
and tpgss(max) define the allowable window when the data strobe must be driven high.

Input data for the first Burst Write cycle must be applied one clock cycle after the Write command is regis-
tered into the device (WL=1). The input data valid window is hominally centered around the midpoint of the
data strobe signal. The data window is defined by DQ to DQS setup time (tiqpqss) and DQ to DQS hold time
(tapasH)- All data inputs must be supplied on each rising and falling edge of the data strobe until the burst
length is completed. When the burst has finished, any additional data supplied to the DQ pins will be ignored.

Write Preamble and Postamble Operation

Prior to a burst of write data and given that the controller is not currently in burst write mode, the data strobe
signal (DQS), must transition from Hi-Z to a valid logic low. This is referred to as the data strobe “write pream-
ble”. This transition from Hi-Z to logic low nominally happens on the falling edge of the clock after the write
command has been registered by the device. The preamble is explicitly defined by a setup time
(twpres(min)) and hold time (typren(Min)) referenced to the first falling edge of CK after the write command.

Once the burst of write data is concluded and given that no subsequent burst write operations are initiated,
the data strobe signal (DQS) transitions from a logic low level back to Hi-Z. This is referred to as the data
strobe “write postamble”. This transition happens nominally one-half clock period after the last data of the
burst cycle is latched into the device.

64mbddr.00 ©IBM Corporation. All rights reserved.
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Burst Write Timing (Assumes DM is Low)

l | | | (CAS Latency s Any; Burst Length = 4)
[ To | T1 | T2 | T3 | T4
CK, CK
Command
I
I
I
DQS(nom) :
I
I
I
DQ(nom) |
I
| twpren(min) .
I .
| twpres(min) .
DQS(min) | |
I — | tposs(mi
| |
| |
DQ(min) I i
| |
| |
| twpres(max) —»
I
|
DQS(max) ' \
| I
| |
| |<— IDQSS max)
| |
DQ(max) | |
©IBM Corporation. All rights reserved. 64mbddr.00
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Data Mask Function

The DDR SDRAM has data mask capability that can be used to mask the input data during burst write cycles.
The data mask has no effect during burst read cycles. The data mask (DM) is applied coincidentally with the
input data and must satisfy setup and hold conditions referenced to the data strobe (DQS). The data mask is
sampled on each edge of the data strobe during write cycles. When the data mask is activated (DM high) dur-
ing a Write operation, the Write is blocked to all data inputs associated with the controlling data mask pin for
that edge of the data strobe (Mask to Data Latency = 0).

Data Mask Timing

(CAS Latency = Any; Burst Length = 8)

| | | | | | | |

|70 T T2 E T4 T8 |76 77 T8 |70

—_ ' ' I~ I~ T\ I~ (A ' I~ I~ T\ I~
CK’ CK ) ./ ./ ./ _ ./ ) ./ ./ _
| | | | | | | | |
Command write XX NOP Y} NoP Y X NoP YY" NoP Y NoP Y Y NOP Y} NOP X |

| | | | | | | |

| tomMpass — i | — tompass |

pas | | Fiy 0 0 U ' i
| | | | tbmMpasH «+—  tompasH

b —— L (D} O7}(D X Ds X D: X Ds B

DM

LA

64mbddr.00 ©IBM Corporation. All rights reserved.
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Precharge Command

The Precharge command is used to precharge or close a bank that has been activated. The Precharge com-
mand is issued when CS, RAS, and WE are low and CAS is high at the rising edge of the clock. This com-
mand can be used to precharge each bank independently or all banks simultaneously. The Bank Select
addresses (BAg, BA) are used to define which bank is precharged when the command is initiated. After a
specified delay (tgp) from the precharge, a Bank Activate command to the same bank can be initiated.

Bank Select for Precharge by Bank Address Bits

©IBM Corporation. All rights reserved.
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Precharge Timing During Read Operation

For the earliest possible Precharge command without interrupting a Read burst, the Precharge command
may be issued on the rising clock edge which is CAS latency (CL) clock cycles before the end of the Read

burst. A hew

Bank Activate (BA) command may be issued to the same bank after the RAS precharge time

(trp). A Precharge command can not be issued until tgag(min) is satisfied

Read with Precharge Timing as a Function of CAS Latency
(CAS Latency =2, 2.5, 3; Burst Length = 4)
I I I I I I I I I I
| TO | T | T2 | T3 | T4 | T5 | T6 | T7 | T8 |T9
i i t—tras(miny ‘ | trp(min) — | |
| s —\I s —\I s —\I ~ ~ —\I ‘i eV —\I ~ —\I ~ —\I o0\
o G G G G G G D G D G G S G G ) G G B
Command | BA X NOP Y X NOP X Y Read Y Y NOP ¥ Prea X X NOP Y X BA XY NoP Y)Y NoP ¥ ]
I I I I I I I I I
bas I I I I I I I I I I
I I I I — — — I I
bq | | | | | Dy Dy | |
I I I I I |«—CAS Latency=2—] | |
I I I I I I I I I I
Das | | | | /S !
oo | | | | | e o e e |
| | | | | I<—m Latency=2.5 —»| | |
I I I I I I I I I I
pas | I I I I | A I
I I I I I I I I I
ba | | | | | | .00 X Drj D24 s | |
0 0 0 0 0 +~— CAS Latency=3 ——, 0
64mbddr.00 ©IBM Corporation. All rights reserved.
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Read Terminated with Precharge Command

A Precharge command can interrupt and terminate a Read burst operation. The Precharge command may be
issued on the rising clock edge which is CL clock cycles before the last data from the interrupted Read burst.
Once the last data word has been output, the output buffers are tristated. A new Bank Activate command may
be issued to the same bank after the precharge delay is satisfied.

Read Terminated with Precharge Command Timing as a Function of CAS Latency

(CAS Latency =2, 2.5, 3; Burst Length = 8)
| | | | | | | | | |
| TO | T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8 |T9
| i + tras(miry | i trp(min}—-| | |
T3- 3 G a G ab G G G G G5 4 b G G O G G G O G g
Command | BA X NOP X'} NOP X X Read Y} NOP Y X Prea X X NOP XX BA X X NoP Y} NOP ¥ |
I I I I I I I I I
bas I I I I I I I I I I
I I I I " — — I I
pq | | | | | Dy D, | |
| | | | | l«— CAS Latency=2—»| | |
I I I I I I I I I I
Das | | | | ——1 / V/ |
ba I I I I I I Do (DX D2 s I I
| | | | | L__cas Latency=2.5—» | |
I I I I I I | | I I
pas | | | | | | 'Y |
I I I I I I I I
ba | | | | | | Do D2 X Ds |
0 0 0 0 0 «— CAS Latency=3——, 0

©IBM Corporation. All rights reserved.
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Precharge Timing During Write Operation

Precharge timing for Write operations in DRAM’s requires enough time to allow the “write recovery” to occur.
This is the time required by a DRAM sense amp to fully store or “0” or “1” level before isolating the array cell
from the bit line. For DDR SDRAMS, a timing parameter (tyg) is used to indicate the required amount of time
between the last valid write operation and a Precharge command to the same bank.

The precharge timing for write operation is a complex function for DDR devices since the write data is latched
into the chip by the data strobe and the address is driven or incremented in the chip by the clock input. Inside
the device, the data path is eventually synchronized with the address path by switching clock domains from
the data strobe domain to the input clock domain. This complicates the definition of when a precharge opera-
tion can begin after a write cycle since the “write recovery” period must reference only the clock domain to
time the internal write operation.

The “write recovery” operation begins on the rising clock edge after the last DQS edge that is used to strobe
in the last valid write data. “Write recovery” is complete on the next rising clock edge that is used to strobe in
the Precharge command.

For the eatliest possible Precharge command following a Write burst without interrupting the burst, the mini-
mum time for “write recovery” is 1.25 clock cycles. Maximum “write recovery” time is 1.75 clock cycles.

Write with Precharge Timing

(CAS Latency = Any; Burst Length = 4)

| | | | | | | | |
TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9

i t—tras(min) i | | i trp(min)—s|

CK,CK D_D_D_D_D_m_ D S G S G O G
Command | BA {TNOP Y} NOP Y'Y Write Y NOP Y NOP Y X NOP Y Y Pren X} NoP XX BA Y]
| ] | | | | |

|
| E— |

| | |

DQs | | | I I

| | | | |

DQ | | | | { D, X Dy Dj ) | | |

| | | | | | | | | |

«—tyr(max) —

bas | | | s U an | | |

| | | | | | | | | |

ba | ! ! Do Bs )= ! ! !

| | | | | | | | | |
64mbddr.00 ©IBM Corporation. All rights reserved.
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Write Terminated with Precharge Command

A Burst Write operation can be interrupted and terminated by a precharge to the same bank. When a pre-
charge command interrupts a Write burst operation, the data mask (DM) input pin is used to mask input data
(DQ) during the time between the last valid write data and the rising clock edge on which the Precharge com-
mand is issued. During this time, the DQS input is still required to strobe in the state of DM. Any data that is
present on the DQ pins coincident with or following the Precharge command will be masked off by the Pre-
charge command and will not be written to the array. The minimum time for write recovery is defined by tWR.
It is illegal to interrupt a Write with autoprecharge command with a Precharge command.

Write Terminated with Precharge Command Timing

(CAS Latency = 2; Burst Length = 8)
I I I I I I I I I I I I I
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T1O |T11 |T12

I I I I I I I I I I I I I

— ~ ~ 7\ ~ ~ 7\ ~ ~ 7\ ~ ~ 7\ ~

CK. CK s s s s s s s s s s s s s
1 | | | | | | ] | ] |
Command l:)O(WriteA)O( NoP XX NoP X X(Prea XX NoP Y X Nor YX Nop XX Nop Y )Y(Nop XX NoPY X NoPY, |
I I T I twi I I I I I I I
pas | | | | | | | | | |
I I I I I I I I I I I I I
b | (oD ABKDAABAND) 11T T T 1
N
DM ; . J : ; ; ; ; ; ;
[ [ [ [ I [ I I I [ [ [
I I I I I I I I I I I I I
Data is masked Data is masked
by DM input by Precharge Command
DQS input ignored
©IBM Corporation. All rights reserved. 64mbddr.00
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Auto Precharge Operation

The Auto Precharge operation can be issued by having column address A4q high when a Read or Write com-
mand is asserted. If A{g is low when a Read or Write command is issued, then normal Read or Write burst
operation is executed and the bank remains active at the completion of the burst sequence. When the Auto
Precharge command is activated, the active bank automatically begins to precharge at the earliest possible
moment during the Read or Write cycle once tgag(min) is satisfied.

Read with Auto Precharge

If a Read with Auto Precharge command is initiated, the DDR SDRAM will enter the precharge operation N-
clock cycles measured from the last data of the burst read cycle where N is equal to the CAS latency pro-
grammed into the device. If a Read with autoprecharge command is issued before tgag(min) is satisfied, the
precharge operation will be delayed until that time when tgag(min) is met. Once the autoprecharge operation
has begun, the bank cannot be reactivated until the minimum precharge time (tgp) has been satisfied.

Read with Autoprecharge Timing

CK,CK

I I
|TO |T1

(CAS Latency = 2; Burst Length = 4)

| | | | | | |
| T2 | T3 | T4 | T5 | T6 | T7 | T8 |T9

~ T\ VY ~ ~ VY ~ NN T\ ~ Y r~
) ) | |\ S—— ./ S \_ _/ ./ . AN

IRP_(ITIIH)—>| |

IRAs(minr i i

OP

Command {BA Y X NoP Y XRw/APY Y NoP Y Y NoP Y X NoP XX Nop Y ¥ BA XY NOP Y |
I I I I I I I I I
Das | | | | \ M\ | |
I I I I I I I I
bQ I I I 1 Do D3 | [
Autoprecharge would normally ; I I
begin here (CL from the end of Begin Autoprecharge
the burst read) but is delayed Earliest Bank A reactivate
until trag(min) is satisfied.
64mbddr.00 ©IBM Corporation. All rights reserved.
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Read with Autoprecharge Timing as a Function of CAS Latency

CK,CK

Command

DQs

DQ

DQs

DQ

DQs

DQ

(CAS Latency = 2, 2.5, 3; Burst Length = 4)

| | | |
TO | T | T2 | T3 | T4 | T5 | T6 | T7 | T8 |T9

|
I
| ! —tRas(min) ’ | trp(min)—] | |
BA X NoP Y X NoP X X RAP Y} NoP XX NoP XX NoP XX BA X X NoP Y} NOP ¥ |
[ [ [ [ [ [ [ [ [
I | | I

S S W () W

Do D3
l—TCAS L1atency=2—>|

I

|<— AS Latency=2.5—>
| I I
Y U B N
I I I
——{ Do XBB)(s)

j— CAS Latency=3——>

Begin Autoprecharge

©IBM Corporation.
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Write with Autoprecharge

If a Write with Autoprecharge command is initiated, the DDR SDRAM will enter the precharge operation a
delay (tywg(min)) after the final burst write cycle. Once the autoprecharge operation has begun, the bank can-
not be reactivated until the minimum precharge time (tgp) has been satisfied.

Write with Autoprecharge Timing

(CAS Latency = Any; Burst Length = 4)

I I I I
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9
. in\
| | T tRas(min) | | I | tre(min)—]
| r —\l ' —\l r —\l r~ —\l ~ —\l ~ —\l —\ —\l ~ —\l r~ —\l ~
CK,CK ) S | \ S | |, h_ \ S \ S, -
Command | BA X NOP Y'Y NOP XX WAP Y} NOP X X NoP Y Y NoP Y ¥ Nop XX NopP Y X BA X ]
| | | | | | | | | |
| | | | twr(min)>) | |
DQs ]
| | | | | | | | |
DQ | I I I Do Ds ) I I I
I I I I I I I I I
Begin Autoprecharge
64mbddr.00 ©IBM Corporation. All rights reserved.
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Burst Interruption

Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by issuing a new Read command to any bank.
When the previous burst is interrupted, the remaining addresses are overridden with a full burst length start-
ing with the new address. The data from the first Read command continues to appear on the outputs until the
CAS latency from the interrupting Read command is satisfied. At this point, the data from the interrupting
Read command appears on the bus. Read commands can be issued on each rising edge of the system clock.
It is illegal to interrupt a Read with autoprecharge command with a Read command.

Read Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Length = 4)
| I I I I I I I I I
TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 | T9
= ~ a oy (aln" ~ " ~ ~ Ty ~
CK, CK ) s ) ) ) s ) s ) )

| | | | | | | | |
Command XReada (' XReadg) X NOP X X'NOP X" Y NOP X" X NOP ¥ X'NOP Y ¥ NOP ¥ |
| | | | | |

I I
DQs | | { A Y | | |
s i L) () (oo G S
Q 5A0){DAT{D50(051 052553 —
©IBM Corporation. All rights reserved. 64mbddr.00
Use is further subject to the provisions at the end of this document. 8/5/98

Page 28 of 65



IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM

Read Interrupted by a Write

To interrupt a Burst Read with a Write command, a Burst Stop command must be asserted to stop the burst
read operation and tristate the DQ bus. Additionally, control of the DQS bus must be turned around to allow
the memory controller to drive the data strobe signal (DQS) into the DDR SDRAM for the write cycles. Once
the Burst Stop command has been issued, a Write command can not be issued until a minimum delay or
latency (LgsT) has been satisfied. This latency is measured from the Burst Stop command and is equivalent
to the CAS latency programmed into the mode register. In instances where CAS latency is measured in half
clock cycles, the minimum delay (LggT) is rounded up to the next full clock cycle (i.e., if CL=2 then Lggt=2, if
CL=2.5 then Lgg7=3). It is illegal to interrupt a Read with autoprecharge command with a Write command.

Read Interrupted by Burst Stop Command Followed by a Write Command Timing

(CAS Latency = 2; Burst Length = 4)
I I I I I I I I I I
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9
—_— ‘2l i oy oy oy ~ oy i oy r
CK. CK ) () \ ) () (U} () () () \ ) ()

| | | | | | | |
Command {(Read X_ Y BST X_ Y\ NoP X X write X' X NoP }( X NOP X X NoP X X NOP X . |

| | | | | | | |
B | i‘ | = | | |
I

pqQ | ! ! {Do XD ) {{Do X( D4 XD, X D3 H ! !

| | | ! | | | | | |

I I I LesT I I I I I I
64mbddr.00 ©IBM Corporation. All rights reserved.
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Write Interrupted by a Write

A Burst Write can be interrupted before completion by a new Write command to any bank. When the previous
burst is interrupted, the remaining addresses are overridden with a full burst length starting with the new
address. The data from the first Write command continues to be input into the device until the Write Latency
of the interrupting Write command is satisfied (WL=1) At this point, the data from the interrupting Write com-
mand is input into the device. Write commands can be issued on each rising edge of the system clock. It is
illegal to interrupt a Write with autoprecharge command with a Write command.

Write Interrupted by a Write Command Timing

(CAS Latency = Any; Burst Length = 4)
I I I I I I I I I I
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 | T9

— ~  \ T\  \ T ~ T  \ 0\ r
CK, CK _/ J _/ J

| Iy My M |
Command I:X:XWriteAX:XWriteBX:X NOP X X" NoP Y} 'NopP Y X NoP X Y NoP ¥ X NOP X |

oos ——— S\ —
I I I I I I
0 | 583(83) |

| |

DM : XDI\:AOXDM1)(D|\:/|0)(DM1)(D|I/|2)(DM3)( |

I I [ — I I I I I I
Write Latency

©IBM Corporation. All rights reserved. 64mbddr.00
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Write Interrupted by a Read

A Burst Write can be interrupted by a Read command to any bank. If a burst write operation is interrupted
prior to the end of the burst operation, then the last two pieces of input data prior to the Read command must
be masked off with the data mask (DM) input pin to prevent invalid data from being written into the memory
array. Any data that is present on the DQ pins coincident with or following the Read command will be masked
off by the Read command and will not be written to the array. The memory controller must give up control of
both the DQ bus and the DQS bus at least one clock cycle before the read data appears on the outputs in
order to avoid contention. In order to avoid data contention within the device, a delay is required (tgp_R) from
the last valid data input before a Read command can be issued to the device.

It is illegal to interrupt a Write with autoprecharge command with a Read command.

Write Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Length = 8)
I I I I I I I I I I I I I

o Tt T2 T8 T4 T8 | T6 | T7 T8 Te T0 | TH1 |Ti2
I I I I I I I I I I I I I
V2 r~ I~ T\ Y r~ I~ T\ Y r~ I~ T\ Y r~ I~ T\ Y r~
CK’ CK -/ ./ ) -/ ./ ) -/ ./ ) -/ ./ ) -/
] ] ] ] ] ] ] ] ] ] ] ]
Command l:)O(Write)O( NoP XX NoP X Y(Read X X NoP XX Nor Y X Nop XX Nop X }(Nop X X NoP X NoP)( |
I 1CI)DLR T T I I I I I I
pas | J

I I I I I
\ D9 CH CHCH CH.CH CH.EY
1 1 1 |

X

I I I I I I I
I I I I I I I I
Data is masked Memory Controller must stop driving input data

by Read command  and must return the data strobe to tristate prior
DQS input ignored to the “Read Preamble”

I I
| |
| |
DQ | |
| 1

DM

Data is masked
by DM input

64mbddr.00
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Auto Refresh

The Auto Refresh command is issued by having CS, RAS, and CAS held low with CKE and WE high at the
rising edge of the clock. All banks must be precharged and idle for a tgp(min) before the Auto Refresh com-
mand is applied. No control of the address pins is required once this cycle has started because of the internal
address counter. When the Auto Refresh cycle has completed, all banks will be in the idle state. A delay
between the Auto Refresh command and the next Activate command or subsequent Auto Refresh command
must be greater than or equal to the tgrc(min). Commands may not be issued to the device once an AutoRe-
fresh cycle has begun. CS input must remain high during the refresh period or NOP commands must be reg-
istered on each rising edge of the CK input until the refresh period is satisfied.

Auto Refresh Timing

'To 'T1 IT2 T3 T4 'T5 'T6 17 'Ts 'To 'Ti0  'T11
I | . | | | ! t | | | |
RP RFC
O D S S 0 W 0 0 O o O | A 0 W o { 16 O O
CK, CK | _/ |\_ _ I\_ _/ I\_ ) I\_ ) I\_ ) I\_ ) i _ I\_ _ I\_ I\_ _J I\_ _
Command | Y PreAl X ¥Auto Ref { A\ ( NOP X \\ X ANY X |
I I I I I I I I I ' I I
| : | | | | | | | | | | |
CKE |High | | | | | | | | | |
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Self Refresh

The Self Refresh command is defined by having CS, RAS, CAS, and CKE held low with WE high at the rising
edge of the clock. Once the Self Refresh command is initiated, CKE must be held low to keep the device in
Self Refresh mode. During the Self Refresh mode, all of the external control signals are disabled except CKE.
The DLL is internally disabled during Self Refresh operation and the clock receiver is disabled to reduce
power. To exit the Self Refresh mode, supply a stable clock input before returning CKE high. Issue a NOP
command, and assert CKE high until tgsgex is met in order to lock DLL on to the system clock.

Self Refresh Timing

'T0 'T1 ;T2 ;TS ;T4 ;TS :T6 ;T7 ;TS ;TQ ;T1O ;T11
CK, CK | i, I\_ _ I\_ W, |\_ I\_ L |\_ o I\_ S: \_ I\_ I\_ I\_
Command | X SR XSS “ X NOP X SS X ANY X I
I I I I I I I | ' I |
1 | | | | oy
CKE | | | $I| | ! | SS_/ | ! “ ! .

Power Down Mode

The Power Down mode is initiated by dropping CKE low and is exited by returning CKE high. Once Power
Down mode has begun, all of the receiver circuits (except CK, CK, CKE) and the DLL circuitry are gated off to
reduce power consumption. Banks can be activated or precharged when Power Down Mode is entered, how-
ever, all banks must be in an idle state. Power Down mode can not be entered while burst read or write oper-
ations are being performed. Power Down mode will begin one clock cycle after CKE is registered low and,
conversely, will end one clock cycle after CKE is registered high. The device cannot remain in Power Down
mode longer than the refresh period (tggp) of the device.

Power Down Mode Timing

(CAS Latency = 2; Burst Length =4)

o & T3 T4 T5 T6 T7 T8 T9 T1O T11 T12 T13 T14 T15 T16 T17
- I\ I\ I\ I\ I\ I\ I\ I\
CK, TR MMMMMM\D@M
|

oke T T L1 |||g|_/I I T —

Command I:XPFeA”X SS X BAX 35 )-( |
I
I

Begin Precharge Begin Active
Power Down Power Down
End Precharge End Active
Power Down Power Down
64mbddr.00 ©IBM Corporation. All rights reserved.
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Operative Command Table (Part 1 of 6)
Current State | CS { RAS: CAS: WE : DM Address Command Action Notes

H X X X X X INHBT NOP 3

L H H X X X NOP or BST NOP 3

L H L H X BA, CA, AP :RD/RDA ILLEGAL 1

L H L L X BA, CA, AP {WR/WRA ILLEGAL 1
e L L H H X BA, RA ACT Bank Activate

L L H L X BA, PA PRE/PREALL NOP

L L L H X X REF/SR AutoRefresh or Self Refresh 4

L L L L X Op-Code MRS/EMRS Mode Reg Set or Extended Mode Reg Set

H X X X X X INHBT NOP

L H H X X X NOP or BST NOP

L H L H X BA, CA, AP RD/RDA Begin Read: Determine AP 9

L H L L \Y BA, CA, AP WR/WRA Begin Write: Determine AP 9
Row Active

L L H H X BA, RA ACT ILLEGAL 1,5

L L H L X BA, PA PRE/PREALL Precharge 6

L L L H X X REF/SR ILLEGAL

L L L L X Op-Code MRS/EMRS ILLEGAL

bank.

and CK will be disabled.

Refresh mode. All input buffers except CKE will be disabled.
. lllegal if tgrp is not satistied.
. lllegal if tgag is not satisfied.
. Must satisfy burst interrupt condition.
Must mask two preceding data bits with the DM pin.
. lllegal if tggp is not satisfied.
. lllegal if t wr is not satisfied.
. lllegal if t g¢ is not satisfied.

RA = Row Address (Aq - A1) BA = Bank Address (BA,-BA;)
NOP = No Operation Command CA = Column Address (Ag - Ag)

—oOW®ONO W’

—_

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,

PA = Precharge All (A;()
AP = Auto Precharge (Ag)

1. lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

4. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self

©IBM Corporation. All rights reserved.
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Operative Command Table (Part 2 of 6)

Current State | CS | RAS: CAS: WE | DM Address Command Action Notes
H X X X X X INHBT Continue Burst to End — Row Active
L H H X X X NOP Continue Burst to End — Row Active
L H H L X X BST Burst Stop — Row Active
L H L H X BA, CA, AP RD/RDA Term Burst, New Read: Determine AP 7
Read L H L L X BA, CA, AP \WR/WRA ILLEGAL 2,7
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL Term Burst, Precharge
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL
H X X X X X INHBT Continue Burst to End — Row Active
L H H X X X NOP Continue Burst to End — Row Active
L H H L X X BST ILLEGAL
L H L H X BA, CA, AP RD/RDA Term Burst, New Read: Determine AP 7,8
Write L H L L \Y BA, CA, AP WR/WRA Term Burst, Start Write: Determine AP 2,7
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL  ;Term Burst, Precharging 8
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL

bank.

and CK will be disabled.

IS

Refresh mode. All input buffers except CKE will be disabled.
. lllegal if tgrp is not satisfied.
. lllegal if tgag is not satisfied.
. Must satisfy burst interrupt condition.
Must mask two preceding data bits with the DM pin.
. lllegal if tggp is not satisfied.
. lllegal if t R is not satisfied.
. lllegal if t g is not satisfied.

RA = Row Address (Ag - Aq4) BA = Bank Address (BAg-BA;)
NOP = No Operation Command CA = Column Address (Ag - Ag)

S 0OW®NO WU

—_

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,

PA = Precharge All (Ag)
AP = Auto Precharge (A;()

1. lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self

64mbddr.00
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Operative Command Table (Part 3 of 6)

Current State | CS | RAS | CAS: WE : DM Address Command Action Notes
H X X X X X INHBT Continue Burst to End — Precharge
L H H X X X NOP Continue Burst to End — Precharge
L H H L X X BST ILLEGAL
L H L H X BA, CA, AP :RD/RDA ILLEGAL

Read with

Auto L H L L X BA, CA, AP {WR/WRA ILLEGAL

Precharge
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL ILLEGAL 1
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL
H X X X X X INHBT Continue Burst to End — Precharge
L H H X X X NOP Continue Burst to End — Precharge
L H H L X X BST ILLEGAL
L H L H X BA, CA, AP :RD/RDA ILLEGAL

Write with

Auto L H L L X BA, CA, AP {WR/WRA ILLEGAL

Precharge
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL ILLEGAL 1
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.
1.

lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,
and CK will be disabled.
4. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self
Refresh mode. All input buffers except CKE will be disabled.
5. lllegal if tgrp is not satisfied.
6. lllegal if trag is not satisfied.
7. Must satisfy burst interrupt condition.
8. Must mask two preceding data bits with the DM pin.
9. lllegal if tggp is not satisfied.
10. lllegal if t R is not satisfied.
11. lllegal if t gg is not satisfied.
RA = Row Address (Ag - Aq4) BA = Bank Address (BAg-BA;) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - Ag) AP = Auto Precharge (A;)
©IBM Corporation. All rights reserved. 64mbddr.00
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Operative Command Table (Part 4 of 6)

Current State ;| CS | RAS . CAS | WE | DM Address Command Action Notes
H X X X X X INHBT NOP — Enter idle after igp
L H H X X X NOP NOP — Enter idle after tgp
L H H L X X BST NOP — Enter idle after tgp
L H L H X BA, CA, AP .RD/RDA ILLEGAL 1
Precharging L H L L X BA, CA, AP ‘WR/WRA ILLEGAL 1
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL NOP — Enter Idle after tgp 1
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL
H X X X X X INHBT NOP — Enter Row Active after tggp
L H H X X X NOP NOP — Enter Row Active after tggp
L H H L X X BST NOP — Enter Row Active after tgcp
L H L H X BA, CA, AP .RD/RDA ILLEGAL 1,9
Ei‘{i‘\‘/‘aﬁng L H L L X BACAAP WRWRA ILLEGAL 1,9
L L H H X BA, RA ACT ILLEGAL 1,5
L L H L X BA, PA PRE/PREALL :ILLEGAL 1,6
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL

bank.

and CK will be disabled.

IS

Refresh mode. All input buffers except CKE will be disabled.
. lllegal if tgrp is not satisfied.
. lllegal if tgag is not satisfied.
. Must satisfy burst interrupt condition.
Must mask two preceding data bits with the DM pin.
. lllegal if tggp is not satisfied.
. lllegal if t R is not satisfied.
. lllegal if t g is not satisfied.

RA = Row Address (Ag - Aq4) BA = Bank Address (BAg-BA;)
NOP = No Operation Command CA = Column Address (Ag - Ag)

S 0OW®NO WU

—_

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.
1. lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,

. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self

PA = Precharge All (Ag)
AP = Auto Precharge (A;()

64mbddr.00
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Operative Command Table (Part 5 of 6)
Current State | CS | RAS: CAS | WE | DM Address Command Action Notes
H X X X X X INHBT NOP — Enter Row Active after tyr
L H H X X X NOP NOP — Enter Row Active after tyg
L H H L X X BST NOP — Enter Row Active after tyg
L H L H X BA, CA, AP .RD/RDA Start Read, Determine AP 2
Wite 9 'H L L 'V BACAAP WRWRA New Write, Determine AP
Recovering
L L H H X BA, RA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL :ILLEGAL 1,10
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL
H X X X X X INHBT NOP — Enter Precharge after tyyg
L H H X X X NOP NOP — Enter Precharge after tywgr
L H H L X X BST NOP — Enter Precharge after tywgr
Write L H L H X BA, CA, AP .RD/RDA ILLEGAL 1,2
fecovel@ L W L L X [BACAAP WRWRA ILLEGAL 1
Precharge || L H H X BARA ACT ILLEGAL 1
L L H L X BA, PA PRE/PREALL :ILLEGAL 1
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL

bank.

and CK will be disabled.

IS

Refresh mode. All input buffers except CKE will be disabled.
. lllegal if tgrp is not satistied.
. lllegal if tgag is not satisfied.
. Must satisfy burst interrupt condition.
Must mask two preceding data bits with the DM pin.
. lllegal if tggp is not satisfied.
. lllegal if t wg is not satisfied.
. lllegal if t g¢ is not satisfied.

RA = Row Address (Ag - Aq4) BA = Bank Address (BAg-BA;)
NOP = No Operation Command CA = Column Address (Ag - Ag)

—oOW®ONO W’

—_

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,

PA = Precharge All (A)
AP = Auto Precharge (A;g)

1. lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self

©IBM Corporation. All rights reserved.
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Operative Command Table (Part 6 of 6)

Current State | CS | RAS: CAS . WE | DM Address Command Action Notes
H X X X X X INHBT NOP — Enter idle after tg¢
L H H X X X NOP NOP — Enter idle after tgg
L H H L X X BST NOP — Enter idle after tgg
L H L H X BA, CA, AP :RD/RDA ILLEGAL
Refreshing L H L L X BA, CA, AP \WR/WRA ILLEGAL
L L H H X BA, RA ACT ILLEGAL 11
L L H L X BA, PA PRE/PREALL ILLEGAL
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL
H X X X X X INHBT NOP — Enter idle after two clocks
L H H X X X NOP NOP — Enter idle after two clocks
L H H L X X BST NOP — Enter idle after two clocks
g:gizter or L H L H X BA, CA, AP :RD/RDA ILLEGAL
Etended L H L L X |BACAAP WRWRA ILLEGAL
;‘Cegz;;g L L H H X BARA ACT ILLEGAL
L L H L X BA, PA PRE/PREALL ILLEGAL
L L L H X X REF/SR ILLEGAL
L L L L X Op-Code MRS/EMRS ILLEGAL

ABBREVIATIONS: H = High level; L = Low level; X = Don’t care (high or low); V = Valid data input.
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

1. lllegal to bank specified states; function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down mode. All input buffers except CKE, CK,
and CK will be disabled.

. If both banks are idle, and CKE is deactivated (Low level) coincidentally with an AutoRefresh command, the device will enter Self
Refresh mode. All input buffers except CKE will be disabled.

. lllegal if tgrp is not satistied.

. lllegal if tgag is not satisfied.

. Must satisfy burst interrupt condition.

Must mask two preceding data bits with the DM pin.

. lllegal if tggp is not satisfied.

. lllegal if t wr is not satisfied.

. lllegal if t g¢ is not satisfied.

RA = Row Address (Ag - Aq4) BA = Bank Address (BAg-BA;) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - Ag) AP = Auto Precharge (Ag)

IS

—oOW®ONO W’

—_

64mbddr.00 ©IBM Corporation. All rights reserved.
8/5/98 Use is further subject to the provisions at the end of this document.

Page 39 of 65



IBM0664404ET3A
IBM0664804ET3A

64Mb Double Data Rate Synchronous DRAM

Advance

Function Truth Table

All inputs are latched on the rising edge of the clock, except the DQs and DMs which are latched at rising and

falling edges of DQS.

CKE S D N S BAg Ay
Operation CS RASiCAS. WE : DM i Ay MNE Notes
n-1 n BA4 Ag
Device Deselect H X X X X INHBT
No Operation H L X NOP
Load Modg Register Mode or Extended H X L L L L X OP CODE MRS/EMRS 1
Mode Register
Row Activate H X L. L HIiHIiX BS Row ACT 2
Address
Read H X L H L H X BS L : Col RD 3
Read w/ Auto Precharge H X L H L H X BS H Col. RDA 3
Write H X L H L L \ BS L ¢ Col WR 3,4
Write w/ Auto Precharge H X L H L L \ BS H Col. WRA 3,4
Burst Stop H X L H H L X X X X BST 5
Precharge Single Bank H X L L H L X BS L X PRE
Precharge All Banks H X L L H L X X H X PREALL
Auto Refresh H H L L L H X X X X REF 1
Self Refresh Entry H L L L L H X X X X SR(ENTRY) 1
L H H X X X X X X X
Self Refresh Exit SR(EXIT)
L H L H H H X X X X
H L H X X X X X X X
Power Down Mode (entry) PDN(ENTRY)
H L L H H H X X X X
Power Down Mode (exit) L H X X X X X X X X PDN(EXIT)
1. Should be issued only after both banks are deactivated (PREALL command).
2. Should be issued only after the corresponding bank has been deactivated (PRE command).
3. Should be issued after the corresponding bank has been activated (ACT command).
4. Any valid Write cycles applied to the selected bank/row will be masked according to the DM.
5. Should be issued only during Read burst cycles.
©IBM Corporation. All rights reserved. 64mbddr.00
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Function Truth Table for CKE

Current State CKE (n-1): CKE (n): TS RAS | CTAS WE | Address Action Notes

H X X X X X X INVALID 1
L H H X X X X Exit Self Refresh (idle after tgrex) 1
L H L H H H X Exit Self Refresh (idle after tgrex) 1

Self Refreshing L H L H H L X ILLEGAL 1
L H L H L X X ILLEGAL 1
L H L L X X X ILLEGAL 1
L L X X X X X NOP (maintain Self Refresh) 1
H X X X X X X INVALID

Power Down L H X X X X X Exit power down (idle after tppgey) 1
L L X X X X X NOP (maintain power down)
H H X X X X X ?ﬁfs;é: Tg Function Truth Table >
H L L L L H X Enter Self Refresh 3
H L H X X X X Enter Power Down 2

All Banks Idle H L L H H H X Enter Power Down 2
H L L H H L X ILLEGAL 2
H L L H L X X ILLEGAL 2
H L L L X X X ILLEGAL 2
L X X X X X X Refer to Power Down in this table

AL esboe M M X X x| x| xFleriotsFuncton Tuin Tal

mands other than EXIT are executed.

ABBREVIATIONS: H=High Level; L=Low Level; X=Don't Care.

1. CKE low-to-high transition re-enables inputs asynchronously. A minimum setup time to CK must be satisfied before any com-

2. Power Down can be entered when all banks are idle (banks can be active or precharged).
3. Self Refresh can be entered only from the Precharge/Idle state.

64mbddr.00
8/5/98
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Simplified State Diagram
ST
Power
ST
Self
Refresh
Auto
Refresh
Row Burst Stop
Active Read
C Read /D
Read Read
Write A Read A
Precharge
PRE
PREALL
I Automatic Sequence
———  Command Sequence
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Absolute Maximum Ratings

Symbol Parameter Rating Units
Vin: Vout Voltage on any pin relative to Vgg -1.0t0 4.6 \
Vbp Voltage on Vpp supply relative to Vgg -1.0t0 4.6 \
Vbba Voltage on Vp supply relative to Vgg -1.0103.7 \Y
Tsta Storage Temperature -55 to +150 °C
Pp Power Dissipation 15 w
louT Short Circuit Current 50 mA
Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be restricted to
Recommended Operating Conditions. Exposure to higher than recommended voltage for extended periods of time could affect
device reliability.

Supply Voltage Levels

Symbol Parameter Min Nom Max Units Notes
Vbp Device Supply Voltage 3.0 3.3 3.6 \
Vppq Output Supply Voltage 2.3 25 2.7 \Y 1
Vger Input Reference Voltage 1.15 1.25 1.35 \ 2
V17 Termination Voltage VRer-0.04 VRer VRer+0.04 \ 3

1. Under all conditions Vppq must be less than or equal to V.
2. Peak to peak AC noise on Vggr may not exceed 2% Vgep (DC). VRer is also expected to track noise variations in Vppq.
3. Vq7 of the transmitting device must track Vggg of the receiving device.

64mbddr.00 ©IBM Corporation. All rights reserved.
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Advance

Stub Series Terminated Logic (SSTL_2)

DC Input Levels

SSTL_2 DC input levels reduce the effects of ringing and define the final logic state unambiguously. Once a
receiver input has crossed a DC level, it will change to and maintain the new state.

DC Operating Conditions (SSTL_2 Inputs) (vppq=2.5V, Tamb=70C, Voltage Referenced to Vgg)

Symbol Parameter Min Max Units Notes
V4 (DC) DC Input Logic High VRer+0.18 Vppq+0.3 \ 1
VL (DC) :DC Input Logic Low -0.30 VRer-0.18 \
e Input Leakage Current -5 5 uA 2
loL Output Leakage Current -5 5 uA 3

1. The relationship of the Vppq of the driving device and the Vrer of the receiving device is what determines noise margins. How-
ever, in the case of V| (max) (input overdrive), it is the Vppq of the receiving device that is referenced. In the case where a device
is implemented such that it supports SSTL_2 inputs but has no SSTL_2 outputs (e.g., a translator), and therefore no Vppq supply
voltage connection, inputs must tolerate input overdrive to 3.0V (High corner Vppqo+300mV).

2. For any pin under test input of OV < Vin < Vppq + 0.3V.

3. Any valid Write cycles applied to the selected bank/row will be masked according to the DM.

AC Input Levels

SSTL_2 AC input levels must be met for the receiver to meet the timing specifications.

SSTL_2 Input AC Logic Levels

Symbol Parameter Min Max Units Notes
Vi (AC) :AC Input Logic High VRer+0.35 — \
ViL(AC) :AC Input Logic Low — VRer-0.35 \

SSTL_2 Input Levels (vppg=2.5V)

Vppq =25+ 0.2V

—1 — = Vj4(AC)min = Vger + 0.35V
—’ — — V;y(DC)min = Vger + 0.18V
VRer = 1.25£0.1V

— — — —V,(DC)max = Vggr - 0.18V

_______ _— — — = V”_(AC)maX = VREF -0.35V

Vgg = OV

©IBM Corporation. All rights reserved. 64mbddr.00
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SSTL_2 Output Buffer Characteristics

Symbol Parameter Class 1T Units Notes
VRer Reference Voltage 0.5¢Vppq \ 1
V7 Termination Voltage VRer +/- 0.04 \
VoH Output Logic High Voltage Vi1+0.76 \
VoL Output Logic Low Voltage Vi1-0.76 \
lon Output Minimum Source DC Current -15.2 mA
loL Output Minimum Sink DC Current 15.2 mA
RT Termination Resistor 25 Q
RS Series Resistor 25 Q
1. The Vppq of the device under test is referenced.

64mbddr.00
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SSTL_2 AC Test Conditions
Symbol Parameter Value Units Notes
Input Timing Measurement Reference Voltage for
VReF SSTL Inputs 0.5+Vboa v 1
Vawing(max) Input Signal Maximum Swing (Peak to Peak) 15 \ 1,2
Vin/ViL SSTL Input Levels (CK, CK, DQ, DQS, DM) VRer +/-0.35
SLEW(min) Input Signal Minimum Slew Rate 1.0 Vins 3
OutputllToad See Output Load for AC Timing Parameters
Condition
V17 Output Timing Measurement Reference Level VRer +/- 0.04 \

1. Input waveform timing is referenced to the input signal crossing the Vrer level applied to the device.
2. Compliant devices must still meet the V| (AC) and V,_(AC) specifications under actual use conditions.
3. The 1V/ns input signal minimum slew rate is to be maintained in the V, max (AC) to V,; min (AC) range of the input signal swing.

SSTL_2 AC Input Test Signal Waveform

Vbba

VRerF

Vswing (max)

- — - V||_(AC)max = VREF -0.35V

Delta T

Slew Rate = {V|y(AC)min - V| (AC)max} / Delta T

Vss

—_— — = V|H(AC)m|n = VREF +0.35V
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Output Load for AC Timing Parameters not Involving Entry or Exit for Hi-Z or Hold
Times

V11=0.5VpDpQ +/- 0.04v
Vopa— Voba |
Vs — Vssa RT = 25Q
| Output
Buffer
Vourt J\/\/\/\"
RS =25Q ~— CLOAD =30pF
Vss
64mbddr.00 ©IBM Corporation. All rights reserved.
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Capacitance (vpp=3.3V £ 0.3V, Tp = 0 to +70°C)

Parameter Symbol Min. Max. Units
Input Capacitance (Ag-A11, BAg-BA,) Cini 25 4 pF
Input Capacitance (CK, CK, CKE, CS, RAS, CAS, WE) Cinz 25 4 pF
Input Capacitance (DM) Cing 4 6.5 pF
Data Strobe & DQs Input/Output Capacitance Cout 4 6.5 pF

Operating, Standby and Refresh Currents (T,=0to +70°C, Vpp= 3.3V + 0.3V)

Speed
Parameter Symbol Test Condition 10 15 Units i Notes
Operating Current tgg = tgg(min),
tck = min 1 bank operation
Active-Precharge command without burst loot CAS Latency =2 90 70 mA  1.2,3
operation
Precharge Standby Current in Power Down CKE <V (max), tc = min,
Mode lccap TS =V, (min) 20 20 mA 1
Precharge Standby Current in Non-Power CKE 2 Vjy(min), tcx = min, TS
Down Mode locan =V (min) 45 40 mA 1,3
ICC3P CKE < V”_(max), 1CK =min 30 30 mA 1
No Operating Current CKE > Vi (min) ¢ . S
i - > min), =min,
(Active state: 4 bank) locan IH_V (m?nK) 60 55 mA 1,3
=ViH
1CK = min,
. Read/ Write command cycling,
Operating Current (Burst Mode) lcca Multiple banks active, gapless data, 100 80 mA 1,2,3
BL=4
tck = min, tge = trpc(min)
I CK RC = RFG
Auto (CBR) Refresh Current ccs CBR command cycling 135 110 mA 1,4,5
Self Refresh Current lcce CKE <0.2V 1 1 mA 1,4
1. These parameters depend on the cycle rate and are measured with the cycle determined by the minimum value of tck and trc.
2. The specified values are obtained with the output open.
3. Input signals are changed once during three clock cycles.
4. Refresh period is 64ms.
5. Minimum cycle time during Autorefresh operation (tggp) is greater than minimum cycle time for Read/Write operation.
©IBM Corporation. All rights reserved. 64mbddr.00
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AC Characteristics (Part 1 of 2) (T,=0to +70°C, Voc=3.3 0.3V)

Symbol Parameter i 10 N YTy 12 Mo Unit Notes
CL=2 10 20 12 24 ns
tck Clock Period ClL=25 75 20 10 24 ns 1
CL=3 7 20 8 24 ns
tre R/W Operation 920 920 ns
RFC Row Cyele Time Auto Refresh 90 90 ns 2
tRas Row Active Time 50 100K 60 100K ns
trep i RAS to CAS Delay 20 24
trp Row Precharge Time 20 24 ns
trRRD Row Activate to Row Activate Delay 1 1 CK
twr Last Data in to Row Precharge 10 14 10 16 ns
tcDLR Last Data in to Read Command Delay 1.25 1.75 1.25 1.75 CK
tcep Col. Address to Col. Address Delay 1 1 CK
tcH CK High Level Width 0.45etc 0.45etcy ns
foL CK Low Level Width 0.45etcK 0.45etcy ns
tac Output Data Edge to Clock Edge -0.1etck 0.1etcy -0.1etci 0.1tk ns
tpasck iData Strobe Edge to Clock Edge -0.1etck 0.1etcy -0. 1oty 0.1etcy ns
ibasq | Data Strobe Edge to Output Data Edge -0.075etc | 0.075etg | -0.075etg | 0.075eick ns
tov Output Data Valid Window 0.3tk 0.3eick ns
tbqsy iData Strobe Valid Window 0.3tk 0.3eick ns
tRPRE I(DDQQSSEQQZJ%IF:;:;]%IS) First Rising Edge Delay 090ty 1. 1etgy 0.9etcy 1.1etoy ns
trpsT '(DDQQSSLSZLSQ‘F','(‘)”S?;”"&:)‘° Entryto Hi-ZDelay et | 06etge | Odetgy | 0.6etcy ns
tabass iData Input to Data Strobe Setup Time 0.075etck 0.075etck ns
tapasy i Data Input to Data Strobe Hold Time 0.075et5k 0.075etc ns
tbmpsas i Data Mask to Data Strobe Setup Time 0.075et5k 0.075etc ns
tbmpasH : Data Mask to Data Strobe Hold Time 0.075et5k 0.075etci ns
twPRES g(I;SI; 1ToirESS Write Preamble 0 0.5etck 0 050ty ns
tWPREH g'(;’lng‘i‘r’n'ZQS Write Preamble 0250tk | 1.25etck | 0.25etgi | 1.25eick ns
ipass :Clock to First Rising Edge of DQS Delay 0.75etck 1.25etck 0.75etck 1.25etck ns
4s Input Setup Time (LVTTL inputs) 0.15etc 0.15et-¢ ns
tn Input Hold Time (LVTTL inputs) 0.15etc 0.15et-¢ ns
tmRsD I\C/I;l)é::: _Ii_iien?(iaster / Extended Mode Register Set > > CK
tpoENT | Power Down Entry Time isiick | zok+ts | otsiiok | zcokats ns

1. Maximum clock cycle may exceed the specification, however, the DLL is not guaranteed to operate when the maximum clock cycle
is exceeded. It is recommended to turn off the DLL via the Extended Mode Register if tcx(max) is exceeded. DQS and output data
(DQ) will continue to track together, however, DQS and DQ will no longer track with CK.

2. Minimum AutoRefresh cycle time is greater than minimum cycle time during normal read or write operation.

64mbddr.00 ©IBM Corporation. All rights reserved.
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AC Characteristics (Part 2 of 2) (Tx=0to +70°C, Vo¢=3.3 0.3V)
-10 -12
Symbol Parameter - - Unit Notes
Min. Max. Min. Max.
tppEx | Power Down Exit TimeCK tsi1ck | 2ek+ts | tsiick | o2ck+ts ns
tsrex i Self Refresh Exit Time 200 200 Cycles
tr CK Transition Time 0.5 0.5 ns

1. Maximum clock cycle may exceed the specification, however, the DLL is not guaranteed to operate when the maximum clock cycle
is exceeded. It is recommended to turn off the DLL via the Extended Mode Register if tck(max) is exceeded. DQS and output data
(DQ) will continue to track together, however, DQS and DQ will no longer track with CK.

2. Minimum AutoRefresh cycle time is greater than minimum cycle time during normal read or write operation.
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Auto Precharge After Read Burst
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Advance

Auto Precharge After Write Burst

~ -
TN
SRR U
TN
o
S N
TN
@
T
TN
~
TN
©
S
TN
0
S
TN
<
- = S~ —
[ve]
[}
<
B
c
3P
- —
>
Q
B
>
o o
=
g
E ~—
S =
- j_E
<
O
o
o
"9' o
_2:_'___;_4__
X |¥
o [&]

\ /
7 ™ _.tg
]
(]
o
o
e
| _ Lo |
4
o
]
=
<
~
-
~
-
™~
-
~
™ >,
%) ) - — o o 172}
<C <C < - < <
|nc |o m < S
= 2 <
< <
m

|4¢—( DaOX Da1X Da2X Da3)< Da4X Das)( DaSX Da7)

K_BA R

K WR X

DQ
DM

Command

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.

Page 52 of 65

64mbddr.00
8/5/98



IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM

>
o
<
o
3
Q
o

Data Mask Function Only for Write
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Advance

Multibank Interleaving Write
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Mode Register / Extended Mode Register Set
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Power Up Sequence and Auto Refresh (CBR)
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Read Interrupted by a Precharge
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Read Interrupted by a Read
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IBM0664404ET3A
IBM0664804ET3A
64Mb Double Data Rate Synchronous DRAM

Package Dimensions (400mil; 66 lead; Thin Small Outline Package)
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64Mb Double Data Rate Synchronous DRAM

Advance

Revision Log

Revision

Contents of Modification

8/98

Initial release
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