IBM0364404C |IBM0364164C
IBM0364804C |IBM03644B4C

64Mb Synchronous DRAM - Die Revision A

Features

» High Performance:

+ Single Pulsed RAS Interface

» Fully Synchronous to Positive Clock Edge

» Four Banks controlled by A12/A13 (Bank Select)
» Programmable CAS Latency: 2,3

» Programmable Burst Length: 2,4,8,full-page

Description

The IBM0364404C, |IBM0364804C, and
IBM0364164C are four bank Synchronous DRAMs
organized as 4Mbit x 4 1/0 x 4 Bank, 2Mbit x 8 I/O x
4 Bank, and 1Mbit x 16 VO x 4 Bank, respectively.
IBM03644B4C is a stacked version of the x 4 com-
ponent. These synchronous devices achieve high
speed data transfer rates of up to 100MHz by
employing a pipeline chip architecture that synchro-
nizes the output data to a system clock. The chip is
fabricated with IBM'’s advanced 64Mbit single tran-
sistor CMOS DRAM process technology.

The device is designed to comply with all
JEDEC standards set for synchronous DRAM prod-
ucts, both electrically and mechanically. All of the
control, address and data input/output (/O or DQ)
circuits are synchronized with the positive edge of
an externally supplied clock.

RAS, CAS, WE, and CS are pulsed signals
which are examined at the positive edge of each
externally applied clock (CLK). Internal chip operat-
ing modes are defined by combinations of these sig-
nals and a command decoder initiates the
necessary timings for each operation. A fourteen
bit address bus accepts address data in the conven-

* Programmable Wrap Sequence: Sequential or
Interleave

+ Multiple Burst Read with Single Write Option

+ Automatic and Controlled Precharge Command
+ Data Mask for Read/Write control (x4,x8)

» Dual Data Mask for byte control (x16)

+ Auto Refresh (CBR) and Self Refresh

+ Suspend Mode and Power Down Mode

* 4096 refresh cycles/64ms

+ Random Column Address every CLK (1-N Rule)
» Single 3.3V + 0.3V Power Supply

* LVTTL compatible

+ Package: 54 pin 400 mil TSOP-Type I
2 High Stack TSOJ

tional RAS/CAS multiplexing style. Twelve row
addresses (AD-A11) and two bank select addresses
(A12, A13) are strobed with RAS. Ten column
addresses (A0-A9) plus bank select addresses and
A10 are strobed with CAS. Column address A9 is
dropped on the x8 device and column addresses A8
and A9 are dropped on the x16 device. Access to
the lower or upper DRAM in a stacked device is con-
trolled by CS0 and CST, respectively.

Prior to any access operation, the CAS latency,
burst length, and burst sequence must be pro-
grammed into the device by address inputs AD-A9
during a mode register set cycle. In addition, it is
possible to program a multiple burst sequence with
single write cycle for write through cache operation.

Operating the four memory banks in an inter-
leave fashion allows random access operation to
occur at a higher rate than is possible with standard
DRAMs. A sequential and gapless data rate of up to
100MHz is possible depending on burst length, CAS
latency, and speed grade of the device. Simulta-
neous operation of both decks of a stacked device is
allowed, depending on the operation being done.

Auto Refresh (CBR) and Self Refresh operation
are supported.
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Pin Assighments for Planar Components (Top View)

VoD VDD Vpp [ 1 O 54 1 Vss Vss Vss
DQO DQO NC [ 2 53 [] NC DQ7 DQi15
Vooba| Vobpa Vppg O 3 52 [1 Vsso Vesa | Vsso
DQ1 NC NC [] 4 51 [] NC NC DQ14
DQ2 DQ1 DQo [ 5 50 [1 DQ3 DQ6 DQ13
Vsso| Vssa | Vssal® 461 Vopa | Vooa |Vooa
DQ3 NC NC [] 7 481 NC NC DQ12
DQ4 DQ2 NC []8 47 [1 NC DQ5 DQ11
Vooa| Vopa | Voba O @ 461 Vessa | Vssa |Vsso
DQs NC NC [ 10 45 [1 NC NC DQ10
DQ8 DQ3 Dol I 11 44 [1 baz DQ4 DQ8
Vssa| Vssa Vgsg [ 12 4301 Voo |Vooe |Voba
DQ7 NC NC [] 13 421 NC NC DQ8
Vbp Voo Vpp O 14 41 [ Vss Vgg Vgs
LDQM NC NG [ 15 401 NC NC NC
WE WE WE [] 16 sgf]paM |[pam | ubam
CAS CAS CAS [] 17 38 ] CLK CLK CLK
RAS RAS RAS [] 18 37 [1 CKE CKE CKE
Cs Cs cs 19 36 [1 NC NC NC
A13/BS0| A13/BS0 |A13/BSO [] 20 35 [1 Al All All
A12/BS1|A12/BS1 |A12/B31 [ 21 341 A8 AS A9
AO/AP| AtoAaP | A1orAP [[ 22 33 [] A8 A8 A8
A0 A0 A0 [] 23 32 [1 A7 A7 A7
Al Al Al [] 24 311 a8 AB AB
A2 A2 A2 ] 25 30 [] AS A5 A5
A3 A3 A3 [] 28 29 [1 A4 Ad Ad
VoD VoD Vpp [ 27 28 1 Vss Vsg Vss

54-pin Plastic TSOP(Il) 400 mil
4Mbit x 4 YO x 4 Bank
IBM0364404CT3

2Mbit x 8 /O x 4 Bank
IBM0364304CT3

1Mbit x 16 IO x 4 Bank
IBM0364164CT3

@IBM Corporation. All rights reserved. 03K2149
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Pin Assignments for 2 High Stack Package (Dual CS Pin) (Top View)

Vpp [ 1 O 54 11 Vss
NC [] 2 53 [] NC
Vopa [ 3 52 [1 Vasaq
NC [] 4 51 [0 NC
DQO [ 5 50 ] DQ3
Vssg O 6 48 [1 Vppg
NC 7 48 [] NC
NC ] 8 47 1 NC
Vppa O @ 48 [1 Vsso
NC [] 10 451 NC
Dai [ 11 44 [1 bQz
Vssa [ 12 43 11 Vopa
NC [] 13 421 NC
Vpp O 14 41 [ Vgs
NC [0 15 40 [1 NC
WE [] 186 39 [] DQM
CAS [] 17 38 1 CLK
RAS [] 18 37 [1 CKE
CSa/NC ] 19 36 [1 NC/CS1
A13/BS0 [] 20 351 Al
A12/BS1 [ 21 34 1 A9
A10/AP [] 22 33 ] A8
A0 [] 23 321 A7
Al [] 24 311 As
A2 ] 25 30 ] A5
A3 [] 28 29 [ A4
Vop O 27 28 [1 Vas

54-pin Plastic TSOJ(Il) 400 mil
(4Mbit x 4 IO x 4 Bank) x 2High
IBM03644B4CT3

* CS0 selects the lower DRAM in the stack.
* C81 selects the upper DRAM in the stack.

03K2149 ©IBM Corporation. All rights reserved.
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Pin Description

Clock Enable DQM, LDQM, UDQM ‘
: Chip Select VDD Power (+3.3V)
Row Address Strobe Vss

Ground
Column Add ress Strobe

VDDQ
________________________ e
“'éé'{“é'éﬁ"(i;{é“i\'{é') """"""""""" Bark Select | | NG “No Connection
- ao-ant AddressInputs  § - — i —

Functlon

: Activates the CLK signal when high and deactivates the CLK signal when low. By deacti-E
ivating the clock, CKE low initiates the Power Down mode, Suspend mode, or the Self|
: Refresh mode. :

CS (CSO CS1 for stacked devlces) enables the command decoder when Iow and dls-E
_ables the command decoder when high. When the command decoder is disabled, newE
i commands are Ignored but prevlous operatlons contlnue :

When sampled at the posltlve rising edge of the cIock CAS RAS and WE deflne theE
operation to be executed by the SDRAM. ;

: Selects which bark is to be active.

Dunng.a Bank Actlvate command cycle AU A11 deflnes the row address (RAO RA11)E
:when sampled at the rising clock edge. !

During a Read or Write command cycle, A0-AS defines the column address (CAO-CAQ)E
iwhen sampled at the rising clock edge. :

AD - A11 Input Level _ EA10 is used to invoke auto-precharge operation at the end of the burst read or writeé
! : : icycle. If A10 is high, auto-precharge is selected and BS0, BS1 defines the bank to be!
iprecharged. If A10 is low, autoprecharge is disabled. ;

During a Precharge command cycle, A10 is used in conjunction with BS0, BS1 to controIE
iwhich bank(s) to precharge. If A10 is high, all banks will be precharged regardless of the
state of BS. If A10is low, then BS0 and B31 are used to define which bank to precharge. ;

: DQO - DQ5 | Input

: Data Input/Output pins operate in the same manner as on conventional DRAMs.

: The Data Input/Output mask places the DQ buffers in a high impedance state when sam-E
: : i pled high. In Read mode, DQM has a latency of two clock cycles and controls the output!

I nput Pulse ;Active Low | buffers like an output enable. In Write mode, DQM has a latency of zero and opetates asi
H : a word mask by allowing input data to be written if it is low but blocks the write operationé

|f DQM is high. !

Power and ground for the input buffers and the core logic.

: Isolated power supply and ground for the output buffers to provide improved noise immu-g
i nity. !

:VDDQ VSSQ' Supply :

@IBM Corporation. All rights reserved. 03K2149
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Package

IBM0364404CT3A-360

IBM0364404CT3A-365

400m|| Type II TSOP 54-

400m|| Type II TSOP-54-

400mil Type Il TSOP-54

400m|| Type II TSOP 54-

400m|| Type I TSOP-54-

Package

400mil Type |1 TSOJ-54

400mil Type |1 TSOJ-54 x4

10ns 400mil Type |1 TSOJ-54 x4

IBM0O3844B4CT3A-10 10ns 400mil Type || TSOJ-54 x4
03K2149 ©IBM Corporation. All rights reserved.
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Block Diagram
L) ~ I
1 1
CKE —=| CKE Butler Colurmn Decoder Column Decoder
) 3
g £
g Cell Array g Cell Array
2 Memory Bank 0 2 Memory Bank 1
CLK 4‘@Buﬁer —
:[ Sense Amplifiers __ Sense Amplifiers
A | i )
Ao | Z S -
AF— |
AS5—— = L { ] 5
AE— § S5 [ i L--DQo
AT—| 5 Zl | z = |
AB—| | E& 3 gl
ol S — 2 |DQx
aroEd | 2 N e—
A13(BS0 8 e
Al10 g
_ﬁ > ]
%8| c98 ‘
2E|558 DQM
251828 3 | 3 |
1 1
1
Column Decoder Column Decoder
Yy
oL Tl
CS— 2 H g g
—— o || 5 Cell Array 5 Cell Array
RAS — % (:; Memory Bank 2 rg; Memory Bank 3
CAS— & ) )
WE—+ 8
_-_ Sense Amplifiers H| Sense Amplifiers
Cell Array for 4Mb x 4 DQ x 4 Bank (per Bank): 4096 Row x 1024 Col x 4 DQ (DQO-DQ3).
Cell Array for 2Mb x 8 DQ x 4 Bank (per Bank): 4096 Row x 512 Col x 8 DQ (DQO-DQ7).
Cell Array for 1Mb x 16 DQ x 4 Bank (per Bank): 4096 Row x 256 Col x 16 DQ (DQO0-DQ15).
OBM Coporation. All ights reserved. 03K2149
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CKE —+

CLK —
A11-A0 —] *_'_"._,_.88?
BSO Eﬁé | 4Mb x4 O x4 Bank —F— . DQ2

TAS — fe—gy—=DQ3
WE —
DQM —=
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Power On and Initialization

The default power on state of the mode register is supplier specific and may be undefined. The following
power on and initialization sequence guarantees the device is preconditioned to each users specific needs.

Like a conventional DRAM, the Synchronous DRAM must be powered up and initialized in a predefined man-
ner. During power on, all VDD and VDDQ pins must be built up simultaneously to the specified voltage when
the input signals are held in the “NOP” state. The power on voltage must not exceed VDD+0.3V on any of the
input pins or VDD supplies. The CLK signal must be started at the same time. After power on, an initial pause
of 200us is required followed by a precharge of both banks using the precharge command. Te prevent data
contention on the DQ bus during power on, it is required that the DQM and CKE pins be held high during the
initial pause period. Once both banks have been precharged, the Mode Register Set Command must be
issued 1o initialize the Mode Register. A minimum of eight Auto Refresh cycles (CBR) are also required.
These may be done before or after programming the Mode Register. Failure to follow these steps may lead to
unpredictable start-up modes.

Programming the Mode Register

For application flexibility, CAS latency, burst length, burst sequence, and operation type are user defined vari-
ables and must be programmed into the SDRAM Mode Register with a single Mode Register Set Command.
Any content of the Mode Register can be altered by re-executing the Mode Register Set Command. If the
user chooses to modify only a subset of the Mode Register variables, all four variables must be redefined
when the Mode Register Set Command is issued.

After initial power up, the Mode Register Set Command must be issued before read or write cycles may
begin. Both banks must be in a precharged state and CKE must be high at least one cycle before the Mode
Register Set Command can be issued. The Mode Register Set Command is activated by the low signals of
RAS, CAS, CS and WE at the positive edge of the clock. The address input data during this cycle defines the
parameters to be set as shown in the Mode Register Operation table. A new command may be issued follow-
ing the mode register set command once a delay equal 1o trsc has elapsed.

CAS Latency

The CAS latency is a parameter that is used to define the delay from when a Read Command is registered on
a rising clock edge to when the data from that Read Command becomes available at the outputs. The CAS
latency is expressed in terms of clock cycles and can have a value of 2 or 3 cycles. The value of the CAS
latency is determined by the speed grade of the device and the clock frequency that is used in the application.
A table showing the relationship between the CAS latency, speed grade, and clock frequency appears in the
Electrical Characteristics section of this document. Once the appropriate CAS latency has been selected it
must be programmed into the mode register after power up, for an explanation of this procedure see Pro-
gramming the Mode Register in the previous section.

@IBM Corporation. All rights reserved. 03K2149
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Mode Register Operation (Address Input For Mode Set)

A13| A2 [A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | A0 |Address Bus (Ax)

Operation Mode CAS Latency BT Burst Length  |Mode Register(Mx)

Operation Mode

Normal

: Multiple Burst with ;
: 8ingle Write

; Reserved ; Reserved

Reserved Resewed

Resewed { Resewed

03K ©IBM Corporation. A g
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Burst Mode Operation

Burst mode operation is used to provide a constant flow of data to memory locations (write cycle), or from
memory locations (read cycle). There are three parameters that define how the burst mode will operate.
These parameters include burst sequence, burst length, and operation mode. The burst sequence and burst
length are programmable, and are determined by address bits AD - A3 during the Mode Register Set com-
mand. Operation mede is also programmable and is set by address bits A7 - A13.

The burst type is used to define the order in which the burst data will be delivered or stored to the SDRAM.
Two types of burst sequences are supported, sequential and interleaved. See the table below.

The burst length controls the number of bits that will be cutput after a Read Command, or the number of bits
o be input after a Write Command. The burst length can be programmed to have values of 2, 4, 8 or full page
{actual page length is dependent on organization: x4, x8, or x16). Full page burst operation is only possible
using the sequential burst type.

Burst operation mode can be normal operation or multiple burst with single write operation. Normal operation
implies that the device will perform burst operations on both read and write cycles until the desired burst
length is satisfied. Multiple burst with single write operation was added to support Write Through Cache oper-
ation. Here, the programmed burst length only applies to read cycles. All write cycles are single write opera-
tions when this mode is selected.

Burst Length and Sequence

Burst Length Starting Address (A2 A1 AQ) Sequential Addressing (decimal) Interleave Addressing (decimal)

N

w

o

w

Note: Page length is a function of 170 organization and column addressing.

X4 organization (CA0-CAS); Page Length = 1024 bits
X8 organization (CAO-CAB8); Page Length = 512 bits
X16 organization (CA0-CA7); Page Length = 256 bits

@IBM Corporation. All rights reserved. 03K2149
Use is further subject to the provisions at the end of this document. GA1 4-5283}83
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Bank Activate Command

In relation to the operation of a fast page mode DRAM, the Bank Activate command corresponds 1o a falling
RAS signal. 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 bank select address A12 - A13 is used to select the desired bank. The row
address AD - A11 is used 1o determine which row to activate in the selected bank. Activation of banks within
both decks of a 2-High stacked device is allowed.

The Bank Activate command must be applied before any Read or Write operation can be executed. The
delay from when the Bank Activate command is applied to when the first read or write operation can begin
must meet or exceed the RAS to CAS delay time (trcp). Once a bank has been activated it must be pre-
charged before another Bank Activate command can be applied to the same bank. The minimum time inter-
val between successive Bank Activate commands to the same bank is determined by the RAS cycle time of
the device (igc). The minimum time interval between interleaved Bank Activate commands (Bank A to Bank B
and vice versa) is the Bank to Bank delay time {iggp). The maximum time that each bank can be held active is

specified as trasimax)-

Bank Activate Command Cycle (CAS Latency = 3, trep = 3)

TO T T2 T3 Tn Th+1 Th+2 Th+3
S B S B N
I I I I I I I
| |
Bank A Bank A Bank B Bank A
ADDRESS { Row Addr. >‘< H H Col. Addr. % """"" { Row Addr. /3 H Row Addr. H }—
1 | [
| RAS CAS delay (tRcD) l ﬁ Wdelay time (tRRD) x |
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA |

Bank A Write A Bank B Bank A
COMMAND‘< Actlvate >_< NOP >_< NOP >_< “’rgﬂrﬁﬁ‘g%% """"" Activate >_< NOP Activate >_< NOP }

RAS Cycle time (tHC)

Bank Select

The Bank Select inputs, BSO and BS1, determine the bank to be used during a Bank Activate, Precharge,
Read, or Write operation.

Bank Selectlon Bits

03K2149 ©IBM Corporation. All rights reserved.
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Read and Write Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting RAS
high and CAS low at the clock’s rising edge after the necessary RAS to CAS delay (ircp). WE must also be
defined at this time to determine whether the access cycle is a read operation (WE high), or a write operation
(WE low). The address inputs determine the starting column address.

The SDRAM provides a wide variety of fast access modes. A single Read or Write Command will initiate a
serial read or write operation on successive clock cycles at data rates of up to 100MHz. The number of serial
data bits for each access is equal to the burst length, which is programmed into the Mode Register. If the
burst length is full page, data is repeatedly read out or written until a Burst Stop or Precharge Command is
issued.

Similar to Page Mode of conventional DRAMs, a read or write cycle can not begin until the sense amplifiers
latch the selected row address information. The refresh period (iger) is what limits the number of random col-
umn accesses to an activated bank. A new burst access can be done even before the previous burst ends.
The ability to interrupt a burst operation at every clock cycle is supported; this is referred to as the 1-N rule.
When the previcus burst is interrupted by another Read or Write Command, the remaining addresses are
overridden by the new address.

Precharging an active bank after each read or write operation is not necessary providing the same row is to
be accessed again. To perform a read or write cycle to a different row within an activated bank, the bank must
be precharged and a new Bank Activate command must be issued. When more than one bank is activated,
interleaved (ping pong) bank Read or Write operations are possible. By using the programmed burst length
and alternating the access and precharge operations between multiple banks, fast and seamless data access
operation among many different pages can be realized. When muliiple banks are activated, column to column
interleave operation can be done between different pages. Finally, Read or Write Commands can be issued
to the same bank or between active banks on every clock cycle.

Burst Read Command

The Burst Read command is initiated by having CS and CAS low while holding RAS and WE high at the rising
edge of the clock. The address inputs determine the starting column address for the burst, the Mode Register
sets type of burst (sequential or interleave) and the burst length (2, 4, 8, full page). The delay from the start of

the command to when the data from the first cell appears on the outputs is equal to the value of the CAS
latency that is set in the Mode Register.

Burst Read Operation (Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

GLK l . 3 &
| | | | | | | | |
| | | | | | | | |
COMMAND{ READ A H NOP H NOP H NOP H NOP H NOP H NOP H NOP H NOP %
I I I I

Y 3 3 3

CAS latency = 2
toke, DQs

DOUT Ag >< DOUT A4 >< DOUT Ao DOUT Az

CAS latency = 3

DOUT Ag >< DOUT Ay >< DOUT A, ¥ DOUT Ag

ICKS, DQs

I I I I
@IBM Corporation. All rights reserved. 03K2149
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Read Interrupted by a Read

A Burst Read may be interrupted before completion of the burst by another Read Command, with the only
restriction being that the interval that separates the commands must be at least one clock cycle. When the
previous burst is interrupted, the remaining addresses are overridden by the new address with the full burst
length. The data from the first Read Command continues to appear on the outputs until the TAS latency from
the interrupting Read Command is satisfied, at this point the data from the interrupting Read Command
appears.

Read Interrupted by a Read (Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK l L L Iy Iy L L 1 L
COMMAND{ READ A >—< READ BH NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP
]

I ol I I
CAS latency = 2 | | : | |
DOUTAg ¥ DOUTBg Y DOUTBy ! DOUTBs | DOUTBj

toke, DQs | [ [ [

I I I I I I I I I

CAS latency = 3 | | | : ' ' ' ' |
DOUT Ag DOUT Bg DOUT B¢ DOUT B2 DOUT B3 /7

tcks, DQs | | | |

| | | | | | | | |
03K2149 ©IBM Corporation. All rights reserved.
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Read Interrupted by a Write
To interrupt a burst read with a Write Command, DQM may be needed to place the DQs (output drivers) in a
high impedance state to avoid data contention on the DQ bus. If a Read Command will issue data on the first

and second clocks cycles of the write operation, DQM is needed to insure the DQs are tri-stated. After that
point the Write Command will have control of the DQ bus.

Minimum Read to Write Interval (Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK l A ! I

[

|

DCGM higlll for CAS Ia1ench =2 only. | |
Fiequired[to mask first bit|of READ data. | |
I

1

DGM

COMMAND< NOP >—<HEADA >—<WRITEA>—< NOP >—< NOP >—< NOP }{ NOP >—< NOP >—< NOP }

DINAO H DIN Aq H DIN Ag H DINAg >
|

DINAO >—< DIN Aq >—< DIN Ag >—< DINAg >
|

CAS latency = 2
towe, DQs

CAS latency = 3
'tCK3! DQs

'Hor L

(] m 49
Use is further subject to the provisions at the end of this document. GA14-5286-09
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Non-Minimum Read to Write Interval (Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK I ) | & |
I I I I I I I
I I I I I I I
DQM I I I I I I I
b I I I I I I I

L 1 o 1 1 1 1 1 1 1
COMMAND< READ A H NOP >< WRITE A H NOP H NOP H NOP I{ NOP H NOP H NOP >~

I I I I I
| | L=2: DQM nepded to mask | | |
1|rst second b| of READ data

CAS latency = 2 I I DIN A, DIN A DIN A, DIN A, I I I
toke DQs | | 0 1 2 3 | | |

| | K CL_3 DaM needed to | | |

| | | Imask first bit ok READ data. | | | |
CAS latency = 3 I I DIN A, >—< DIN A >—< DIN A, >—< DIN A I I I
toks, DQs | | ° ! 2 : | | |

I I I I I
E : DM high for TAS latency = 2
£ : DM high for TAS latency = 3
03K2149 ©IBM Corporation. All rights reserved.
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Burst Write Command

The Burst Write command is initiated 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. There is no CAS latency
required for burst write cycles. Data for the first burst write cycle must be applied on the DQ pins on the same
clock cycle that the Write Command is issued. The remaining data inputs must be supplied on each subse-
quent rising clock edge until the burst length is completed. When the burst has finished, any additional data
supplied to the DQ pins will be ignored.

Burst Write Operation (Burst Length = 4, CAS latency = 2, 3)

T1 T2 T3 T4 T5 T6 T7 T8

CLK J . 3 &
!

I I
COMMAND{ NOP >—<WHITEA>—< H H NO H NOP H NOP H NCP H NOP %
I I I
m | | |
DQs —‘—< DIN Ag H DIN A4 H DIN Ap H DIN Az don'’t care | | |
m&ﬂ&m ! ! !

The first data element and the Write Extra data Is masked.
are registerad on the same clock edge.

Write Interrupted by a Write

A burst write may be interrupted before completion of the burst by another Write Command. When the previ-
ous burst is interrupted, the remaining addresses are overridden by the new address and data will be written
into the device until the proegrammed burst length is satisfied.

Write Interrupted by a Write (Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK J ! 3 I [ 3 3 3 L

COMMAND{ NOP >—<WHITEA>—<WRITEB>—< NOP H NOP H NCP H NOP H NCP H NoP >~

1 Clk InIewaI

I I I
...................... | | |
DQs —|—/ DIN Ag >—< DIN By >—< DIN By >—< DINB3 >—< DIN83 | | |

| | |

@IBM Corporation. All rights reserved. 03K2149
Use is further subject to the provisions at the end of this document. GA1 4-5283}83

Page 16 of 69



E=551 IBM0364404C  IBM0364164C
IBM0364804C  IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

Write Interrupted by a Read

A Read Command will interrupt a burst write operation on the same clock cycle that the Read Command is
registered. The DQs must be in the high impedance state at least one cycle before the interrupting read data
appears on the outputs to avoid data contention. When the Read Command is registered, any residual data
from the burst write cycle will be ignored. Data that is presented on the DQ pins betfore the Read Command is
initiated will actually be written to the memory.

Minimum Write to Read Interval (Burst Length = 4, CAS latency = 2, 3)

TO T T2 T3 T4 T5 T6 T7 T8
CLk I 4 4 4 ! 4 L
|
I I I I I I I I I
COMMAND {WHITEA H READ B H NOP >< NOP H NOP H NOP H NOP H NOP H NOP %
I . | | ! ! | |
- BT | | | | |
CAS latency = 2 : i
towe. DQS DIN Ag donmare%, - DOUT By >< DOUT By DOUT Ba >< DOUT B3 | |
’ | | I, | | | | | |
: I I I I |

DOUT By >< DOUT By >< DOUT B2 DOUTB3 —F+——
[ |

Input data for the Write is masked. cosirmnnn.. INPUt data must be removed from the DQs at least one clock

cycle before the Read data appears on the outputs to avoid
data contention.

03K2149 ©IBM Corporation. All rights reserved.
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Non-Minimum Write to Read Interval (Burst Length = 4, CAS latency = 2, 3)
TO T T2 T3 T4 T5 T6 T7 T8
CLK l 3 | | . [ L
| | | | | | | |
I I I I I I I
COMMAND - WRITE A >—< NOP >—<—F;EAD B >< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—
= ~ I I I I I
| I I I I I
CAS latency = 2 d 1 DOUT B
toke, DQs DIN Ag DIN Af onf care o | DOUTB{ { DOUTBp § DOUTB3 —f—
I I I I I
3 | | | |
CAS latency = DIN A DIN A DOUT B DOUT B DOUTB DOUTB
tCKB, DQs 0 1 0 1 2 3

Input data for the Write is masked. Input
cycle before the Read data appears on the outputs to avoid
data contention.

@IBM Corporation. All rights reserved. 03K2149
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Burst Stop Command

Once a burst read or write operation has been initiated, there exist several methods in which to terminate the
burst operation prematurely. These methods include using another Read or Write Command to interrupt an

existing burst operation or using a Precharge Command to interrupt a burst cycle and close the active bank.
When interrupting a burst with another Read or Write Command care must be taken to avoid DQ contention.

If the burst length is full page, the Burst Stop Command may also be used to terminate the existing burst
operation but leave the bank open for future Read or Write Commands to the same page of the active bank.
Use of the Burst Stop Command during other burst length operatlons is illegal. The Burst Stop Command is
defined by having RAS and CAS high with CS and WE low at the rising edge of the clock.

When using the Burst Stop Command during a burst read cycle, the data DQs go to a high impedance state
after a delay which is equal to the CAS Latency set in the Mode Register.

Termination of a Burst Read Operation (Burst Length = Full Page, CAS Latency = 2, 3)

TO ™ T2 T3 T4 Ts T8 T7 T8

CLK | | \ ‘ ‘ ‘ ‘ \
COMMAND{ READA>—< NOP H NOP H NOP H Bsgg H NOP H NOP H NOP H NOP >~

| | | | ;
DOUTAg | DOUTA{ ¢ DOUTAs >< DOUT A3 ] ‘I

| | | | |
| ' ' ' oA
|
1

CAS latency =2
toke, DQs

CAS latency =3
tCKa, DQs

DOUT Ag ¥ DOUTA4 >< DOUT A, § DOUT Ag

If a Burst Stop Command is issued during a full page burst write operation, then any residual data from the
burst write cycle will be ignored. Data that is presented on the DQ pins before the Burst Stop Command is
registered will be written to the memory.

Termination of a Burst Write Operation (Burst Length = Full Page, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK 41 L L [ k Y | 1 L
COMMAND- No >—<WRITEA>—< NOP H NOP H E’Sﬁ‘fp‘ H NOP H NOP H NOP H NOP

CAS latency = 2,3 | don't care | | | |
DQs | DIN Ag >—< DIN Aq >—< DIN Ap

| | | |
Input data for the Write is masked.

-!.z.)-“
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Auto-Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Pre-
charge Command or the auto-precharge function. When a Read or a Write Command is given to the SDRAM,
the CAS timing accepts one exira address, column address A10, 1o allow the active bank to automatically
begin precharge at the earliest possible moment during the burst read or write cycle. If A10 is low when the
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. If A10is high when the Read or Write Command is
issued, then the auto-precharge function is engaged. During auto-precharge, a Read Command will execute
as normal with the exception that the active bank will begin to precharge before all burst read cycles have
been completed. Regardless of burst length, it will begin a certain number ot clocks prior to the end of the
scheduled burst with the number of clocks being determined by CAS latency. Auto-precharge can also be
implemented during Write commands.

A Read or Write Command without auto-precharge can be terminated in the midst of a burst operation. How-
ever, a Read or Write Command with auto-precharge can not be interrupted by a command to the same
bank. Therefore use of a Read, Write, or Precharge Command to the same bank is prehibited during a read
or write cycle with auto-precharge until the entire burst operation is completed. Once the precharge opera-
tion has started the bank cannct be reactivated until the Precharge time (igp) has been satisfied. It should be

noted that the device will not respond to the Auto-Precharge command if the device is programmed for full
page burst read or write cycles, or full page burst read cycles with single write operation.

When using the Auto-precharge Command, the interval between the Bank Activate Command and the begin-
ning of the internal precharge operation must satisty tragmin). If this interval does not satisty tgagimin) then treo
must be extended.

Burst Read with Auto-precharge (Burst Length =2, CAS Latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK 1 4 h h ) A k i L

| | |
COMMAND Aﬂiﬁ?ﬁaﬁgeﬂ NOP } NOP —< NOP { NOP >—< NOP >_< NOP >_< NOP >—< NOP >—

CAS latency = 2
tCKE, DQs

CAS latency = 3

tcka, DQs i i DOUT Ap DOUT A4
I I | |
Begin Autd—precharge % Bank can be reactivated at completion of igp
* ire = 2 for -360, -365, -370
@IBM Corporation. All rights reserved. 03K2149
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Burst Read with Auto-precharge (Burst Length = 2, CAS Latency = 2, 3)

TO ™ T2 T3 T4 T5 T6 T7 T8
CLK I 4 b b ) 4 ) ; L
[ [ [ [ [ [ [ [ [
I I I I I I I I I

COMMAND AUE,E,QMQEH NOP } NOP { NOP { NOP >—< NOP >—< NOP >—< NOP >—< NOP >_

| | | | * ' | | |

CAS latency = 2 | IZRIP | | | | |
towe, DQs | DOUT Ay I i | | i |

e PR B | | |
CAS latency = 3 | l AP l | | | |
tcks, DQs i DOUT Ag >< DOUT A4 | | | |

I I I I I I

Begin Aulo-precharge % Bank can be reactivated at completion of igp
* tpp = 2 for -360, -365, -370
Burst Read with Auto-precharge (Burst Length = 4, CAS Latency = 2, 3)
TO T T2 T3 T4 T5 T6 T7 T8

CLK I 4 ) ) ) 4 ) b L

| | | | | | | | |

I I I I I I I I I

COMMAND AUIIEQ%QSH NOP } NOP { NOP { NOP H NOP H NOP H NOP H NOP

I I I I I | .+ I I
TAS latency = 2 | | | | stz tRP orvrrrenenns el | |
toke, DQs I I DOUT Ag DOUT A4 >< DOUTA; J DOUT Az I I I
I I . . I I I
l
CAS latency = 3 ! ! | I , , I |
S | | | | |
tcka, DQs i i I < DOUT Ag DOUT A4 DOUT Az i DCUT Ag I I
| | | | | | | |
Begin Auto-precharge % Bank can be reactivated at completion of igp
* trp = 2 for -360, -365, -370
03K2149 ©IBM Corporation. All rights reserved.
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Although a Read Command with auto-precharge can not be interrupted by a command to the same bank, it
can be interrupted by a Read or Write Command to a different bank. If the interrupting command is issued
before auto-precharge begins then the precharge function will begin with the new command.

Burst Read with Auto-precharge Interrupted by Read (Burst Length = 4, CAS Latency = 2, 3)

TO T1 T2 T3 T4 T5 T8 T7 T8

CLK 1 4 b b ) 4 b i L

COMMAND Auff,ﬁ,'f‘ef’h:}geﬂ NOP } READ B NOP { NOP >—< NOP >_< NOP >—< NOP >—< NOP

CAS latency =2
tore, DQs

!.,.;‘;} .................. | ...... t RP * e .! ................ oo .# | |

I

|
DOUTAg ¥ DOUTAq >< DOUT Bg >< DOUT By / DOUT Ba >< DOUT B3 |

|

I
| DOUT Ag >< DOUT Aq \< DOUT By >< DOUT By DCUT By >< DOUT By

I

I

I

| T T T T T T
CAS latency =3 :
tCKS, LQs |
|

Begin Auto-precharge A % Bank can be reactivated ai completion of tgp
* tjp =2 for -360, -365, -370

If interrupting a Read Command with auto-precharge with a Write Command, DQM must be used to avoid DQ
contention.

Burst Read with Auto-precharge Interrupted by Write (Burst Length =8, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T8 T7 T8

CLK 1 4 I I ) 4 ) k L

COMMAND Aufﬁ,fe?h:}geﬂ NOP } NOP % NOP {WRWEBH NOP H NOP H NOP H NOP >—

CAS latency =2
toke, DQs

DOUT Bg >< DOUT B4 >< DOUTBz { DOUTB3 >< DOUT By

DQM

Begin :Auto-precharge A

“kBank A can be reactivated at completion of tgp

@l P on. All rights reserved. 49
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If A10 is high when a Write Command is issued, the Write with Auto-Precharge function is initiated. The
SDRAM automatically enters the precharge operation one clock delay from the last burst write cycle. This
delay is referred to as tppL. The bank undergeoing auto-precharge can not be reactivated until tppL and trpare
satisfied. This is referred to as tps Data-in to Active delay (tpaL = topL + tre).

Burst Write with Auto-Precharge (BurstLength =2, CAS Latency = 2, 3)

TO T1 T2 T3 T4 T5 T8 T7 T8

CLK 1 4 b b ) 4 ) 1 L

BANK A WRITE A
COMMAND-  acTivE H NOP } NOP Ao mrechonge NOP NOP NOP NOP NOP
I

tCKS, DQs

I
Aty -2 | o ope g e |
tcke, DQs DIN Ag DIN Aq ' | | |
I I t I I
TAS Iatency -3 | I tD A ] """" RP e I """"""""" l
| |
T T
| |

|
*
DIN Ag >{ DIN Ay |

% Begin Auto-precharge

*
tap = 2 for -360, 365, -370 Bank can be reactivated at completion of 1gp

Similar to the Read Command, a Write Command with auto-precharge can not be interrupted by a command
to the same bark. It can be interrupted by a Read or Write Command 1o a different bank, however. If the
interrupting command is issued before auto-precharge begins then the precharge function will begin with the
new command.

Burst Write with Auto-Precharge Interrupted by Write (Burst Length = 4, CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK 1 4 b b ) 4 ) i L

I I I I I I I I I
BANK A ' WRITE A
COMMAND- acTIVE >—< NOP } NOP Am,prechame>—< NOP >—< WRITE B >—< NOP >—< NOP >—< NOP >—

.
CAS latency = 3 |

i

|

toka, DQs DIN Ag DIN A4 DIN By DIN B4 >—< DIN Bo }< DIN B3

% Begin Auto-precharge

*
1rp. tRop= 2 for -360, -365, -370 Bank A can be reactivated at completion of 1z
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Burst Write with Auto-Precharge Interrupted by Read (Burst Length = 4, CAS Latency = 3)

TO T1 T2 T3 T4 T5 T8 T7 T8

CLK 1 4 b b ) 4 ) b L

COMMAND Amgg;;eﬂ NOP } NOP READ B >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >_

| | | * I N | |

Aoy | | | P S o | |
[
|

tcks, DQs < DIN Ag >{ DIN A4 >—< DIN A )

I I
i i DOUTBp § DOUTBy § DOUTBj
| | | _ | |

% Begin Auto-precharge

*
1rp = 2 for -360, -365, -370 Bank A can be reactivated at completion of 15p

Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge Com-
mand is triggered when CS, RAS and WE are low and CAS is high at the rising edge of the clock. The Pre-
charge Command can be used to precharge each bank separately or all banks simultaneously. Three
address bits, A10, A12, and A13, are used to define which bank(s} is to be precharged when the command is
issued.

Bank Selection for Precharge by Address Bits

For read cycles, the Precharge Command may be applied prior to the scheduled end of the burst a number of
clocks equivalent to the CAS latency. For write cycles, a delay must be satisfied from the start of the last burst
write cycle until the Precharge Command can be issued. This delay is known as 1pp,, Data-in o Precharge
delay.

After the Precharge Command is issued, the precharged bank must be reactivated before a new read or write
access can be executed. The delay between the Precharge Command and the Activate Command must be
greater than or equal to the Precharge time (igp).

@IBM Corporation. All rights reserved. 03K2149
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Burst Read followed by the Precharge Command (Burst Length = 4, CAS Latency = 2)

TO T T2 T3 T4 TS T6 T7 T8

CLK I 3 3 3 [ [ 4 4 3 t

COMMAND{HEADAXOH NCP >—< NOP >—< NOP >—< NOP >—<Precharge;'>—< NOP >—< NOP >—< NOP >~

| | |
| I I | |
| / DOUT Axg >< DOUT Ax1 >< DOUT Axz >< DOUT Axz \ | |
| \ . o |
| | |

ICKE, DQs

I I
I I
CAS latency =2 I I
I I
| | | | | |

Burst Write followed by the Precharge Command (Burst Length = 2, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T8 T7 T8

CLK I 4 b b ! 4 ) ! L

COMMAND-  NoP Qg}{ﬂi} NOP WFIITEAxo>—< NOP >—<PrechargeA>—< NOP H NOP H NOP >_
T

I
I
I
| |
D

I
I
IN Axg >{ DIN Ax{ i
I
|

tCKQ, DQs

T T T
I I I I
I I I I
I I I I I
CAS latency =2 | | | | |
| I I I I
I I I I I
| | | | |

% Bank can be reactivated at completion of ipaL
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Precharge Termination

The Precharge Command may be used to terminate either a burst read or burst write operation. When the
Precharge command is issued, the burst operation is terminated and bank precharge begins. For burst read
operations, valid data will continue to appear on the data bus as a function of CAS Latency.

Burst Read Interrupted by Precharge (Burst Length = 8, CAS Latency = 2, 3)

TO T T2 T3 T4 T5 T6 T7 T8

CLK l A 3 3 4 A 4 4 3 t

I I I I I I I I I
COMMAND{READAXOH NOP H NOP H NOP >—<PrechargeA>—< NOP H NOP H NCP H NOP >7
T T T T T
| | [ tre e

< DOUT Axg >< DOUT Axq >< DOUT Axp >< DOUT Axg >
| | |

CAS latency =2
tCKE, DQs

CAS latency =3
'tCKg’ DQs

< DOUT Axg >< DOUT Axq >< DOUT Axp >< DOUT Ax3 > |

*
tp =2 for -360, -365, -370
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Burst write operations will be terminated by the Precharge command. The last write data that will be properly
stored in the device is that write data that is presented to the device on the clock cycle prior 1o the Precharge
command.

Precharge Termination of a Burst Write (Burst Length = 8, CAS Latency =2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK l j l . I I I L

COMMAND NOP >—< NOP >’WH|TEAXO‘< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—

DQaM

I

I

I

|

T

I
CAS latency =2 |
toye, DQs
I

I

I

I

I

CAS latency =3

I
|
I
|
T
I
I
: DIN Axg >_< DIN Axq >{ DIN Axp
|
I
|
I

tcks, DQs DIN Axg >—< DIN Axq >4 DIN Axp

T T T
03 ©IBM Corporation. All rig rved.
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Automatic Refresh Command (CAS Before RAS Refresh)

When CS, RAS and CAS are held low with CKE and WE high at the rising edge of the clock, the chip enters
the Automatic Refresh mode (CBR). All banks of the SDRAM must be precharged and idle for a minimum of
the Precharge time (trp) before the Auto Refresh Command (CBR) can be applied. For a stacked device,
both decks may be refreshed at the same time using Automatic Refresh Mode. An address counter, internal
to the device provides the address during the refresh cycle. No contral of the external address pins is
required once this cycle has started.

When the refresh cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay
between the Auto Refresh Command (CBR) and the next Activate Command or subsequent Auto Refresh
Command must be greater than or equal to the RAS cycle time (1rc).

Self Refresh Command

The SDRAM device has a built-in timer to accommodate Self Refresh operation. 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. All banks
must be idle prior to issuing the Self Refresh Command. Once the command is registered, CKE must be held
low to keep the device in Self Refresh mode. When the SDRAM has entered Self Refresh mode all of the
external control signals, except CKE, are disabled. The clock is internally disabled during Self Refresh Oper-
ation to save power. The user may halt the external clock while the device is in Self Refresh mode, however,
the clock must be restarted before the device can exit Self Refresh operation. Once the clock is cycling, the
device will exit Self Refresh operation after CKE is returned high. A minimum delay time is required when the
device exits Self Refresh Operation and before the next command can be issued. This delay is equal to the
RAS cycle time (irc) plus the Self Refresh exit time (tgrex). When using Self Refresh, both decks of a stacked

device may be refreshed at the same time.

@IBM Corporation. All rights reserved. 03K2149
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Power Down Mode

In order to reduce standby power consumption, two power down modes are available: Precharge and Active
Power Down mode. To enter Precharge Power Down mede, all banks must be precharged and the neces-
sary precharge delay (tgp) must occur before the SDRAM can enter the power down mode. If a bank is acti-
vated but not performing a Read or Write operation, Active Power Down mode will be entered. (Issuing a
Power Down Mode Command when the device is performing a Read or Write operation causes the device o
enter Clock Suspend mode. See the following section.) Once the Power Down mode is initiated by holding
CKE low, all of the receiver circuits except CKE are gated off. The Power Down mode does not perform any
refresh operations, therefore the device can’t remain in Power Down mode longer than the Refresh period
(trer) of the device.

The Power Down mode is exited by bringing CKE high. When CKE goes high, a No Operation Command is
required on the next rising clock edge, depending on ig. The input buffers need o be enabled with CKE held

high for a period equal to tces(ming + tckimin- (See below.)

Power Down Mode Exit Timing (tcx < toesmin + tokmin)

Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+ 8
CLK J 3 3 I 4 \ \ \ L
I ! Lo tog e ! l | | ,
C K E | | /t v I ........... t ....... ;:;.;.l | | | | |
min) + min
| | CEIS( )+ Lok )I | | | | |

| |
COMMAND - : H NOP >—<COMMAND>—< NOP H NOP H NOP H NOP H NOP %
I I o I I I I

Input Buffer Enable

Power Down Mode Exit Timing (tck > tcesmin + tckmin)

m Tm+1 Tm+2 Tm+3
CLK I | \
I I I I
I | | |
CKE | /‘vizi ~~~~~~~~~~~~~~~~~~~~~~~~ I:Z'.',l | |
| tcEsiming + tokiming | |
I
l l l
COMMAND COMMAND —< NOP NOP
1 ] ] ]
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Data Mask

The SDRAM has a Data Mask function that can be used in conjunction with data read and write cycles. When
the Data Mask is activated (DQM high) during a write cycle, the write operation is prohibited immediately
(zero clock latency). If the Data Mask is activated during a read cycle, the data outputs are disabled and
become high impedance after a two clock delay, independent of CAS latency.

Data Mask Activated During a Read Cycle (Burst Length = 4, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK J 3 3 Iy A 3 3 . L
| | | | |
| | | | |
A A

~ | | | |
| L | |

COMMAND{ NOP >—<READA>—< NOP H NOP H NOP H NOP H NOP H NOP H NOP %

DOUT Ag DOUT A4

DQM

DQs
Atwo clock delay before

the DQs become Hi-Z

A Hor L7

No Operation Command

The No Operation Command should be used in cases when the SDRAM is in a idle or a wait state. The pur-
pose of the No Operation Command is to prevent the SDRAM from_glsterlng any unwanted commands
between operatlons A No Operation Command is registered when CS is low with RAS, CAS, and WE held
high at the rising edge of the clock. A No Qperation Command will not terminate a previous operation that is
still executing, such as a burst read or write cycle.

Deselect Command

The Deselect Command performs the same function as a No Operation Command. Deselect Command
occurs when TS is brought high, the RAS, CAS, and WE signals become don’t cares.
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Clock Suspend Mode

During normal access mode, CKE is held high enabling the clock. When CKE is registered low while at least
one of the banks is active, Clock Suspend Mode is entered. The Clock Suspend mode deactivates the inter-
nal clock and suspends or “freezes” any clocked operation that was currently being executed. There is a one
clock delay between the registration of CKE low and the time at which the SDRAM’s operation suspends.
While in Clock Suspend mode, the SDRAM ignores any new commands that are issued. The Clock Suspend
meode is exited by bringing CKE high. There is a one clock cycle delay from when CKE returns high to when
Clock Suspend mode is exited.

When the operation of the SDRAM is suspended during the execution of a Burst Read operation, the last
valid data output onto the DQ pins will be actively held valid until Clock Suspend mode is exited.

Clock Suspend During a Read Cycle (Burst Length = 4, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK __J } ! 4 4 1 \ \ L_
I I I I I I I I I
| | | | | | L | |
CKE | | | | | | | A one clock delay o exit
*,, the Suspend command
| | | [T A one clock delay before | el |
. . . . T, SUspend operation starts '.":‘1%.1 |
COMMAND~< NOP >—< READ A >—< NOP >—< NOP >—< NOP >—< NOCP >—
| | | | | | | | |
DQs ! ! ! DOUT Ag DOUT Ay >< DOUT Ap >

DOUT element at the DQs when the
suspend operation starts is held valid

If Clock Suspend mode is initiated during a burst write operation, then the input data is masked and ignored
until the Clock Suspend mode is exited.

Clock Suspend During a Write Cycle (Burst Length = 4, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK l L 3 [ A 3 3 3 L
| | | | | | | | |
| | | | | | | | |
CKE | | | | | | | ™. A oneclock delay 1o exil
- - “=, the Suspend command
| | | [, A one clock delay before | S I
I I I I e, SUSpend operation starts "g-,;;zl !
COMMAND{ NOP >—< WRITE A >—< NOP >—< NOP >—< : NCP >—< NOP >7
| | | | | | | |
| | | | | |
DQs *,—< DIN Ag >—< DIN A4 >—< DIN Ap }—( DIN A3 >—,7
SHor L o . [y
DIN is masked during the Clock Suspend Period
03K2149 ©IBM Corporation. All rights reserved.
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Command Truth Table (Notes: 1)

. Device
Function

i Mode Register Set

: uto (GBR) Refresh

:See Current
State Table

T

; T

T

i Active

I

evic:e Des elect

H Entry Active

lock Suspend Mode Exit i Active

ata Write/Output Enable :Active

1. All of the SDRAM operations are defined by states of CS, WE, RAS, CAS, and DQM at the positive rising edge of the clock. Oper-
ation of both decks of a stacked device at the same time is allowed, depending on the operation being performed on the other
deck. Refer to the Current State Truth Table.

2. Bank Select (BS0, BS1): BS0, B&1 = 0,0 selects bank 0; BS0, BS1 = 0,1 selects bank 1; BS0, BS1 = 1,0 selects bank 2; BS0, B31
= 1,1 selects bank 3.

3. During a Burst Write cycle there is a zero clock delay, for a Burst Read cycle the delay is equal to the CAS latency.

4. During normal access mode, CKE is held high and CLK is enabled. When it is low, it freezes the internal clock and extends data
Read and Write operations. One clock delay is required for mode entry and exit. ;

5. The DQM has two functions for the data DQ Read and Write operations. During a Read cycle, when DQM goes high at a clock tim- ;
ing the data outputs are disabled and become high impedance after a two clock delay. DQM also provides a data mask function for
Write cycles. When it activates, the Write operation at the clock is prohibited (zero clock latency). i

6. All banks must be precharged before entering the Power Down Mode.(If this command is issued during a burst operation, the
device state will be clock suspend mode.)The Power Down Mode does not perform any refresh operations, therefore the device
can’t remain in this mode longer than the Refresh period {tgef) of the device. One clock delay is required for mode entry and exit.

7. 1f CSis low, then when CKE returns high, no command is registered into the chip for one clock cycle. :

8. Device state is full page burst operation. Use of this command to terminate other burst length operations is illegal.

©IBM Corporation. All rights reserved. 03K2149
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Command Truth Table (Notes: 1)

: CKE
Device R grosnsnnannd
Prevlous Current

Cycle Cycle :

Function

E Power Down Mode Entry ;Idle/’AChVe ; H E L 1 .......... 3“...“...“_% ........... :A ............ ?

iAny :
i{Power Down)

Power Down Mode Exit

1. All of the SDRAM operations are defined by states of CS, WE, RAS, CAS, and DQM at the positive rising edge of the clock. Oper
ation of both decks of a stacked device at the same time is allowed, depending on the operation being performed on the other
deck. Refer to the Current State Truth Table. :

2. Bank Select (BS0, BS1): BS0, BS1 = 0,0 selects bank 0; B30, BS1 = 0,1 selects bank 1; BS0, BS1 = 1,0 selects bank 2; BSQ, BS1
=1,1 selects bank 3. :

3. During a Burst Write cycle there is a zero clock delay, for a Burst Read cycle the delay is equal to the CAS latency.

4. During normal access mode, CKE is held high and CLK is enabled. When it is low, it freezes the internal clock and extends data
Read and Write operations. Cne clock delay is required for mode entry and exit. H

5. The DQM has two functions for the data DQ Read and Write operations. During a Read cycle, when DQM goes high at a clock tlm
ing the data outputs are disabled and become high impedance after a two clock delay. DQM also provides a data mask function for
Write cycles. When it activates, the Write operation at the clock is prohibited (zero clock latency).

6. All banks must be precharged before entering the Power Down Mode.(If this command is issued during a burst operation, the
device state will be clock suspend mode.)The Power Down Mode does not perform any refresh operations, therefore the device
can't remain in this mode longer than the Refresh period (tpcr) of the device. One clock delay is required for mode entry and exit.

7. 1§ CSis low, then when CKE returns high, no command is registered into the chip for one clock cycle.

8. Device state is full page burst operation. Use of this command to terminate other burst length operations is illegal.
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Clock Enable (CKE) Truth Table

Action

<
i
<

NVALID

xit Self Refresh with Device Deselect:

xit Self Refresh with No Operation

LLEGAL

riCirrir
T

r:irr:r: T
T :IT:I:x
riI:!I:x

LEGAL

T

al

NVALID

:Power Down mode exit, all banks idle

: ’ ‘ : LLEGAL

gMaintain Power Down Mode

2 A

TiriTi{TI:x
TixiriTixixir
HKixixixIxixir
M IX X
=<
>

:Refer to the Idle State section of the
iCurrent State Truth Table

I
-
I
>

T
-
—
T
>

X  !CBR Refresh

OP Code iMode Register Set

IrI: T
rir
| I
|
—: I

l_
T
>
>
>

iRefer to the Idle State section of the
:Current State Truth Table

[l
rir
|~
I: X
> X

'_
-
—
-
T

—

=
><§|—
> i

%Refer te operations in the Current
{State Truth Table

gﬂirsttl?etl?'l : egin Clock Suspend next cycle 5

listed above L H i Exit Clock Suspend next cycle

1. For the given Current State CKE must be low in the previous cycle.

2. When CKE has a low te high transition, the clock and other inputs are re-enabled asynchrenously. The minimum setup time for
CKE (tces) must be satisfied before any command other than Exit is issued. When exiting power down mode, a NOP command
may be required on the first rising clock after CKE goes high (see page 29). :

3. The address inputs {A13 - A0) depend on the command that is issued. See the Idle State section of the Current State Truth Table |
for more information. i

4. The Power Down Mode, Self Refresh Mode, and the Mode Register Set can only be entered from the all banks idle state.

5. Must be a legal command as defined in the Current State Truth Table.

@IBM Corporation. All rights reserved. 03K2149
Use is further subject to the provisions at the end of this document. GA14-5286-09

3/98
Page 34 of 69



E=551 IBM0364404C  IBM0364164C
IBM0364804C  IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

Action

Set the Mode Register

No Cperation

ILLEGAL
{Read w/o Precharge ;ILLEGAL

iBu rst Temnination  {No Operatlon

evice Deselect No Operation or Power Down

ow Address ; Bark Activate

Column

3Mode Register Set ;EILLEGAL

{Auto or Self Refresh {ILLEGAL

:Precharge : Terminate Burst; Start the Precharge
‘Bank Activate LLEGAL

‘:erte ‘Termlnate Burst Start the erte cycle
”: Head - Termlnate Burst Start a new Head cycle .:
Burst Temlnatlon jTermlnate the Burst i
:No Operation ;Continue the Burst

evice Deselect Continue the Burst

1. CKE is assumed to be active (high) in the previous cycle for all entries. The Current State is the state of the bank that the Com-

mand is being applied to.

2. All Banks must be idle; otherwise, it is an illegal action.

3. If CKE is active (high) the SDRAM will start the Auto (CBR) Refresh operation, if CKE is inactive {low) than the Self Refresh mode

is entered.

4. The Current State refers to only one of the banks. If BS selects this bank then the action is illegal. If BS selects the bank not being |
referenced by the Current State then the action may be legal depending on the state of that bank. ;

5. If CKE is inactive (low) then the Power Down mede is entered, otherwise there is a No Operation.

6. The minimum and maximum Active time (tras) must be satisfied.

7. The RAS to CAS Delay (trcp) must oceur before the command is given.

8. Column address A10 is used to determine if the Auto Precharge function is activated.

9. The command must salisfy any bus contention, bus turn around, and/or write recovery requirements.

0. The command is illegal if the minimum bank to bank delay time (tzrp) is not satistied.
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Current State Truth Table (Part 2 of 4) (Notes: 1)

Command

: Current State Action

OP Code

Column

Column : erminate Burst; Start the Read cycle

{Burst Termination ! Terminate the Burst

Device Deselect onlinue the Burst

) L : i ! Row Address: : o4

Read with : : e oo H

Auto Column :
Precharge e

Column

iMode Register Set

:Auto or Self Refresh :

:Precharge 4
. . : H Row Address ; Bank Activate : o4
Write with  : : Grnmnsnrnn s S R AR R R UL |
Auto ; Column :erte 4
P R B 27 s s
Column Read 4

EBurst Ten‘nlnatlon

iNo Operation

Device Deselect

. CKE is assumed to be active (high) in the previous cycle for all entries. The Current State is the state of the bank that the Com-
mand is being applied to.

2. All Banks must be idle; otherwise, it is an illegal action. i

3. If CKE is active (high) the SDRAM will start the Auto {CBR) Refresh operation, if CKE is inactive {low) than the Self Refresh mode
is entered. ;

4. The Current State refers to only one of the banks. If BS selects this bank then the action is illegal. If BS selects the bank not belng
referenced by the Current State then the action may be legal depending on the state of that bank.

5. If CKE is inactive (low) then the Power Down mede is entered, otherwise there is a No Operation.

6. The minimum and maximum Active time (tras) must be satisfied.

7. The RAS to CAS Delay (trcp) must oceur before the command is given.

8. Column address A10 is used to determine if the Auto Precharge function is activated.

9. The command must salisfy any bus contention, bus turn around, and/or write recovery requirements.

0. The command is illegal if the minimum bank to bank delay time (tzrp) is not satistied.
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Action

—
—

ode Register Set :ILLEGAL

{ Auto or Self Refresh {ILLEGAL

jPrecharge iNo Operation; Bank(s) idle after tap

ank Actlvate

-
-

'_
I

'_
T

I
[t

Precharging

‘Read ILLEGAL

iBurst Termination iNo Operation; Bank(s) idle after tg»

I
—

T
T

No Operation; Bank(s) idle after tgp

I
T

>
>

No Cperation; Bank(s) idle after trp

ILLEGAL

{ Auto or Self Refresh :ILLEGAL

:Precharge

—
—

-
-

'_
T

'_
T

Row
Activati ng U T R S

I

—

I
—

T
T

: urst Termination No Operation; Row Active after trep

iNo Operatlon No Operation; Row Active after trop

:Device Deselect :No Operation; Row Active after trop

Mode Register Set  :ILLEGAL

{ uto or Self Refresh ILLEGAL

{ILLEGAL

{ILLEGAL

Write : : ; Start erte Determlne If Auto Precharge ;
Recovering N L b e e b e S b ot N

Start Read Determlne |f Auto Precharge

T
T

>
>

-
-

—
—

'_
T
s

'_
I
~

I
[t

w

I
—
%]

:Burst Termlnatlon iNo Operation; Row Actlve after tppL

Operalion No Operation; Row Active after tpp.

I
T

T
T

1. CKE is assumed to be active (high) in the previous cycle for all entries. The Current State is the state of the bank that the Com-
mand is being applied to.

2. All Banks must be idle; otherwise, it is an illegal action.

3. If CKE is active (high) the SDRAM will start the Auto {CBR) Refresh operation, if CKE is inactive {low) than the Self Refresh mode
is entered.

4. The Current State refers to only one of the banks. If BS selects this bank then the action is illegal. If BS selects the bank not being
referenced by the Current State then the action may be legal depending on the state of that bank. :

5. If CKE is inactive {low) then the Power Down mode is entered, otherwise there is a No Operation.

6. The minimum and maximum Active time (tras) must be salisfied.

7. The RAS to CAS Delay (trep) must occur before the command is given.

8. Column address A10 is used to determine if the Auto Precharge function is activated.

9. The command must salisfy any bus contention, bus turn around, and/or write recovery requirements.

0. The command is illegal if the minimum bank to bank delay time (tzrp) is not satisfied.
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Current State Truth Table (Part 4 of 4) (Notes: 1)

Command

: Current State Action

OP Code Mode Register Set

Write

Recovering Col
with Auto itk
Precharge Column

X {Burst Termination i No Operation; Precharge after tpp,

‘No Operation . No Operation; Precharge after tpp.

! Device Deselect o Operation; Precharge after tpp_

:Mode Register Set {ILLEGAL

EAuto or Self Refresh LEGAL

:Precharge {ILLEGAL

Row Address :Bank Actlvate LEGAL

Column  {Write LEGAL

Column  |{Read LEGAL

Refreshing

. : X :Burst Termination :No Operation; |dle after tpe :
N XNooperahonooperat|on|d|eaftertRC ..............
............................... xDev|ceDese|ectooperat|on|d|eaftertRC
..................................................................... oPCodeModeReg|5terSet LEGAL

LEGAL

:Auto or Self Refresh

X ; Precharge ALLEGAL
H i | Row Address | Bank Activate fILLEGAL i
Mode AT : ......................... : ..................................... L L Prereeereeaed
Register : : : _ : Column Eerte : :
Accessing O ou o S S0 OO OOt SRS U OO PSSO ORTRSPRUUPRROYE JOROORIROE

Column Read

»Burst Tennlnatlon

:No Operatlon o Operatlon IdIe after two cIock cycles

:Device Deselect

o Operatlon' IdIe after two clock cycles

1. CKE is assumed to be active (high) in the previous cycle for all entries. The Current State is the state of the bank that the Com-
mand is being applied to.

2. All Banks must be idle; otherwise, it is an illegal action. i

3. If CKE is active (high) the SDRAM will start the Auto {CBR) Refresh operation, if CKE is inactive {low) than the Self Refresh mode
is entered. ]

4. The Current State refers to only one of the banks. If BS selects this bank then the action is illegal. If BS selects the bank not being
referenced by the Current State then the action may be legal depending on the state of that bank. i

. If CKE is inactive (low) then the Power Down mode is entered, otherwise there is a No Operation.

. The minimum and maximum Active time (tras) must be satisfied.

. The RAS to CAS Delay (taco) must oceur before the command is given.

. Column address A10 is used to determine if the Auto Precharge function is activated.

. The command must satisfy any bus contention, bus turn around, and/or write recovery requirements.

. The command is |IIegaI |f the minimum bank to bank deIay tlme (tRRD) is not satlsfled
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.Power Supply Voltage 0 3 to +4 6

Power Supply Voltage for Output 0.3 to +4.6

iInput Voltage -0.3 to VDD+0.3

{Qutput Voltage -0.3 to VDD+0.3

EOpera.ting Temperature (ambient) O to +70

Storage Temperature

! Power Dissipation

iShort Clrcult Output Current

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a !
stress rating only and functional operation of the device at these or any cther 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 reli- :
ability.

: Input High Veltage

» Input Low Voltage

1. All voltages referenced to Vgg and VSSQ.
2. Vyy (max) = VDD/VDDQ + 1.2V for pulse width < 5ns,
3. V| (min) = VS8/V88Q - 1.2V for pulse width < 5ns,

03K2149 ©IBM Corporation. All rights reserved.
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Output Characteristics (Ta=0to +70°C, Vpp=3.3V £ 0.3V)

Input Leakage Current, any input 1
0.0V £ V| < VDD), All Other Pins Not Under Test =
iOutput Leakage Current iy 1

: ID(L) (DOUT is disabled, 0.0V< VOUT < VDDQ)
:Output Level (LVTTL)
Qutput “H” Level Voltage (IDUT = 2 OmA)

{Output Level (LVTTL)
iQutput “L” Level Voltage (lour =

VOH (DC) =24V, lpy =-2mA

Ouput ( —————®— ®=====-=-=
Vo|_ (DC) = 04V, I = 2mA
870Q __ 50pF

DC Output Load Circuit

©IBM Corporation. All rights reserved. 03K2149
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Operating, Standby and Refresh Currents (Ta=0to +70°C, Vpp= 3.3V £0.3V)

Speed

Parameter Symbeol Test Condition Notes

operatmg Current ............................................................
EtRC = trg{min), tok =min H
iActive-Precharge command cycllng
§w|thout burst operatlon

| H CKE < V\L(max) tCK =min,
cezp CS V|H(m|n)

CKE < V|L(max) tCK = Infinity,
=V

EPrecharge Standby Current in
iPower Down Mode

EPrecharge Standby Current in Non- CS =Vi (min)

{Power Down Mode © CKE=>Viy{min), tec = Infinity, :
¢ : ﬁ =V|H (m”'l)

CKE = V\H(min), tow = min,

; | _

: P CS =V (min) : :

ENo Operating Current """""""""" """""""""""""""""""""""""""" e o o
i(Active state: 4 bank) CKE = V) (max), tex = min, : :

: |chp o153 =VIH (mln)

{Power Down Mode)

tCK = min, » :
Read command cycling, BL=4
Multiple banks active, gapless data

tok = min,
CBR command cycling

CKE <02V

‘Burst Operating Current

EAuto {CBR) Refresh Current

:Self Fiefresh Cu rrent

1. Currents given are valid for a single device. The total current for a stacked device depends on the operation being performed on
the other deck.

2. These parameters depend on the cycle rate and are measured with the cycle determined by the minimum value of tok and tre.
Input signals are changed up to three times during trc{min).

3. The specified values are obtained with the output open.

4. Input signals are changed once during three clock cycles.

5. Active Standby Current will be higher if Clock Suspend is entered during a burst read cycle (add 1mA per DQ).

8. Input slgnals are stable

03K2149 ©IBM Corporation. All rights reserved.
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AC Characteristics (Tp=01to +70°C, Vpp= 3.3V + 0.3V)

1. Aninitial pause of 200us, with DQM and CKE held high, is required after power-up. A Precharge All Banks command must be given
followed by a minimum of eight Auto (CBR) Refresh cycles before or after the Mode Register Set operation.
2. The Transition time is measured between V| and V), (or between V|_and V)

tory —m 1T Vit=1.4V
/ / - Output s0e
Clock + - jlg— 14V P
/ N 50pF
fserua o AC Output Load Circuit (A) ;E
Input /'I A4V
J \ Output
Q:[f') Zo = 500 ﬁ
ho | ~—ton 50pF
otz AC Output Load Circuit (B) ,,[,
Output 1.4V
3. In addition to meeting the transition rate specification, the clock and CKE must transit between V| and V| {or between V| and V)

in & monotonic manner.
. Load Circuit A: AC timing tests have V) = 0.4 V and V| = 2.4 V with the timing referenced to the 1.40V crossover point
. Load Circuit A: AC measurements assume tr=1.0 ns.
. Load Circuit B: AC timing tests have V) = 0.8 V and V| = 2.0 V with the timing referenced to the 1.40V crossover point
. Load Circuit B: AC measurements assume ty=1.2 ns.

~N o ;A

Clock and Clock Enable Parameters
Parameter CL, taco, tHP as2iz | :  Units Notes%

Clock Cycle Time, CAS Latency = 3
Clock Cycle Time, CAS Latency = 2
Clock Access Tlme CAS Latency 3
Clock Access Tlme CAS Latency = 2

Clock Access Time, CAS Latency =3

: Clock Access Time, CAS Latency =2
i Clock High Pulse Width
| Clock Low Puise Width

. For -360, -365, -370 sorts, 66Mhz clock: CAS Latency (CL) =

. Access time is measured at 1.4V. See AC Characteristics: notes 1, 2, 3,4, 5 and load circuit A.

. Access time is measured at 1.4V. See AC Characteristics: notes: 1, 2, 3, 8, 7 and load circuit B. :

. toxn is the pulse width of CLK measured from the positive edge to the negative edge referenced to Vi (min). ok is the pulse width |
of CLK measured from the negatlve edge to the posltlve edge referenced to V.L (max) i

B WN =

@IBM Corporation. All rights reserved. 03K2149
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Parameter ! Units | Notes

lock Enable Set-up Time

Clock Enable HoId Tlme

: Power down mode Entry Tlme

Transltlon Tlme (Rlse and FaII)

For -360, -365, -370 sorts, 66Mhz clock: CAS Latency (CL) =

Access time is measured at 1.4V. See AC Characteristics: notes 1, 2, 3,4, 5 and load circuit A.

Access time is measured at 1.4V. See AC Characteristics: notes: 1, 2, 3, 8, 7 and load circuit B. i
tckn is the pulse width of CLK measured from the positive edge to the negative edge referenced to Vi {min). tck is the pulse width
of CLK measured from the negative edge to the positive edge referenced to V) (max). :

Sl A

Com mon Parameters

: -360, -365, 370 :
-10
¢ CL, trops trp=37272

Symbol Parameter Units Notes

Command Setup Time

‘Command Hold Tlme

:Address and Bank Select Set up Tlme

fan ;Address and Bank Select Hold Time

tren Em to CAS Delay :
............. tHCBankcydeT,me
................. tHAS Actlveoomma n dpe n Od
AAAAAAAAAAAAAAA tH P o PrECharg ;, . T,me RS A

;Bank te Bank Delay Time

CAS to CAS Delay Time

1. These parameters account for the number of clock cycle and depend on the operating frequency of the clock, as follows:
the number of clock cycles = specified value of timing / clock peried {count fractions as a whole number).

Mode Reglster Set Cycle

360 365 370 {
e e -10 : ; :
Parameter CL tRoD, tgp 3!2/2 ; ¢ Units | Notes :

Symbol

1. These parameters account for the number of clock cycle and depend on the operating frequency of the clock, as follows:
the number of clock cycles = specified value of timing / clock peried {count fractions as a whole number).
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Read Cycle

-360, -365, -370

-10

Parameter Units

Notes

ata Out Hold Time

ata Out to Low Impedance Time

ta Out to High Impedance Time

Refresh Cycle

i -350 365 370 :
-10 : §5 :
CL, tRCD. tRP 3/zfz2 i Units : Notes !

Symbol Parameter

-10

Parameter

Data In HoId Tlme

‘Data input to F’recharge

Data Input to Precharge

:DOM Write Mask Latency

@IBM Corporation. All rights reserved. 03K2149
Use is further subject to the provisions at the end of this document. GA1 4-5283}83

Page 44 of 69



T= IBM0364404C  I1BM0364164C
IBM0364804C  IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

Timing Diagrams Page
AC Parameters for Wrrite TIming ... e 46
AC Parameters for Read Timing .......coooiooi ittt 47
Mode Registar Sat. ... .. oo e 48
Power on Sequence and Autc Refresh (CBR) ..o 49
Clock Suspension / DAM During a Burst Read ..o 50
Clock Suspension / DQM During @ Burst WIHte ..o oo 51
Power Down Mode and Clock SUSPENA ........oii e b2
Auto Refresh (CBR) ... e 53
Self Refresh (Entry @nd EXit) .. ...t 54
Random Row Read (Interleaving Banks) with Precharge, BL=8......................coiiiiiiiiiiiiiieieee e 55
Random Row Read (Interleaving Banks) with Auto-precharge, BL=8................. .. ... 56
Random Row Write (Interleaving Banks) with Auto-Precharge, BL=8 ................ .. . ... 57
Random Row Write (Interleaving Banks) with Precharge, BL=8 ... 58
Reaad And Write CyCle . et 59
Interleaved Column Read CyCle ... e 60
Auto Precharge after a Read Burst, BL=4 ... e 61
Auto Precharge after a Write Burst, BL=4 ... e 62
Burst Read and Single Write Operation .. ... e 63
Full Page Burst Read and Single Write Operation ... 64
g/g\; 4-5286-09 Use is further subject 1o the provisions at the end of this document.

Page 45 of 69



In-
___ o

IBM0364404C IBM0364164C

IBM0364804C 1BM03644B4C

64Mb Synchronous DRAM - Die Revision A

| ueg
puUBLILIOY

sjeAlpY

Alommu_.lt.nl n_mu_. |I|T

4&0#

03ueg 0 ueg 0>ueg
puBWIWIO] puUBWIWOY pUBLILIOO
JRANY w@m:uwhn_ S RTYY

1 Jueg Q)ueg

0 ueg pUBLIWOS | jueg PUBLLLWIOS

0 ueg

puewwoy abieyooid ojny puewwoq abieyoaid oy  PUBLLIWIOD
SjeAloY LM 2JUA SEAPY L SIIAA

ajenjoy

alp|=g'zsueg
.1.=0s8,

Wod

[
o
o
S
<

r

LY BY-0V

o

olvY

=

7

ATy

, | sueg
mm_m:um_n_ E:q :_mam_

#

au

” 0 yueg
mm:wzu@n_ B:q. :_mm.m_

*

HOp—b

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

2 = fousre gy0 ‘v = yibusa 1sing

A0

Bujwi] a1\ 10} sialaweled DY

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

3/98

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

Page 46 of 69



IBMO364164C

IBMO364404C

IBM0364304C
64Mb Synchronous DRAM - Die Revision A

IBM03644B4C

1 yueg 03ueg
ue pUBLLIWIOYD | ueg PUBLLILLOY 0 jueg =p'
U%mw_:EM_O afiieyoaud oy PUBLLILIOYD abieysa.d ony PUBWIWION SlpI=e 2ueg
SIBAIIOY s peay eIy E_B._umwm alBNIOY ..=0S9 x
ola|
Woda
LLY'BY-0Y
i 0Ly
| isq,
e am
o SVYD
................................... e Syy
19)
E _.v_:mn ox:mm_,
i aBieyoalg i afiieyoeid
; oy uBag oy ujBag | IO
. , , . >0y > vy Ixoﬂ
M0
€1 Ll L _ oLL _ :18 81 Il _ 9l _ S1 rl [ AN _ ¢l _ L ol

2 = Aousie g0 ‘2z = yibua 1sing

Bujwi] peay Jo} siajoweled Oy

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 47 of 69



T
il

1]

UTL i syueq Iy

_ ____ _ ; PUBLIWON PUBLLWOY }0§ PUBLIWOY
£ Auy J9s1Boy apoyy  ebieyoeid

[l N

— | — — — o — — o — — — — o — — — — — — — — — p— — — —t — — — — — — f— — — o — — — Oﬁ_

Wod

BY-0v

|

FYOLY

=

]

lsd'osd

el Jooll_ I L L

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

z = Aousie SY0 195 19)s1bay apop

64Mb Synchronous DRAM - Die Revision A

IBM0364404C IBM0364164C
IBM0364804C 1BM03644B4C

03K2149
GA14-5286-09
3/98

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

@IBM Corporation. All rights reserved.
Page 48 of 69



IBMO364164C

IBMO364404C
IBM0364804C

In-
({17]

IBM03644B4C

64Mb Synchronous DRAM - Die Revision A

s1lpog Jo} 2|qels
8q 1snw sinduy|

SHUEQ |IY
PUEWIWOD  pUBWIWOY 188 pPUBLILWLICD PUELLILWOG pUBLIWIOY
Auy Ja1sifioy apoly ysaijoyd olny yig Usadje olny 15| afiieyosid

Wod

LY 6Y-0V

Aoy mm_wﬁnd.

[

oL 3oL L I

_ , " m ow__zwmgwm_m sopA | seljeL ] o wnwu W_om__zmm_ S|
UL 0D 2 pel ; PR A :“_ ” v n i 193] YBIH |

_ _ A0

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

—
ooy

(499) ysaijay ony pue aosuanbag uo Jomod

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 49 of 69



In-
([l

IBM0364804C IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

IBM0364404C IBM0364164C

a|p|=g‘gueg
sajodo g sajoho g apha | «1.=0889 ,

Q ueg 0ueg
_uzoam:“w Y2010 ncwn_m:mw %0010 _ucwnm:“w %0010 PUBLLILIOY PUBLILLION

peay aRAloY

exy X oxXy X

Wod

Y LY BY-0V

[ EMOY

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g =39} ‘g = ousie SO ‘8 = yiBus 1sing peay Ising Buung Woq ;/ uoisuadsns 00|

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

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

Page 50 of 69

3/98



03ueg
PUELILIOY 8lp|=g'PuEg
N - .1.=089
pUBWIWLIOYD

aRAloY

sopho g sapho g sk L
puadsng 320[9 puadsng yoo|)  puedsng yooln:

IBM03644B4C

64Mb Synchronous DRAM - Die Revision A

IBMO364164C

Wod

IBMO364404C
IBM0364804C

LY BY-0V

A -

NN T

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g =024} ‘g = fousie 8D ‘8 = WbusTising I\ 1sing Buling WOQ / uoisuadsng yo0[)

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 51 of 69



In-
([l

IBM0364404C IBM0364164C
IBM0364804C 1BM03644B4C

64Mb Synchronous DRAM - Die Revision A

UBLLILLIO: At
i dON a|p|=g'2ueg
. n_muz ASANYLS 0ueg 0 yueg AHANYLS 0 3ueg «1.7058
39dVvYHO3Hd PUBLLLWION pu3 HEIS puewwon FJAILOY _ pUBLILWLIOY
J abreyoaig co_mcwnm:w.xoo_o uoisuadsng %oo0 pESY : + » SRAIOY
m axy (v fowy = — — — —|— — = — — + — — -
= : : : : — ; i ZH 0d
, W m W m W i | Pasy i W
T _ L Woa
i x,,sx., , i o , LLy'6Y- OY
! , e
i Voo 0
..................................................................................... 7 N\, N W
" 1S9
M
/ SYO
Svd
89
IR MO

—+ s3I

_ NN._._ _.N._._ ON._._ m—._._ w—._._ FANN _ 9Ll

2 = fousre gy0 ‘v = yibusa 1sing

s30y

______ A0

m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ w._._ N._._ L _ c._._

puadsns }00|D pue apojy umoq 1omod

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

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

Page 52 of 69

3/98



IBMO364164C

IBMO364404C

IBM0364304C
64Mb Synchronous DRAM - Die Revision A

IBM03644B4C

syueq |y
pUBLLLLIOY pUBLLWOD PUBWIWLION
ysaloy oy ysaljoy oy abieyoaid

Wod

LY BY-0V

AN A

N

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

2 = fousie sy0 (4gD) ysauyay oiny

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 53 of 69



In-
([l

IBM0364404C IBM0364164C
IBM0364804C 1BM03644B4C

64Mb Synchronous DRAM - Die Revision A

w3 Ayuz
puBwIWON Auy ysauey JIes ysaley JIes 9Pl 29 jsnw
; B B syueg |y
+ T omﬁ L —
_ : w o : i sy L
: — - - — : R | - iF - — ; - Z1H 0d
woda
LLY'6Y-0Y
......................................................................................................................................................................................................................................................... O_'<
sSd
am
S¥O
| SvH
] /s
T 7 vﬁ 350
|! AlwuoH P 820

STl

Pl T....E._.

N_....E.—_ Ll

oprwilp

WL _ m+=._._._ h+E._._ gl

g+ul] |p+u]

g+l

¢ty

,,,,,,,,,,,,, UL

—+E._._E._._ _ _ vl n._._ N._._ L _ oL _

"ybiy Bujuinial 3y o} Joud paysijqelsaal aq isnw eubis Y1 3yl 910N, (Ux3 pue Anju3) ysayay §as

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

3/98

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

Page 54 of 69



alp|=g‘P{ueg
.1.=0s9 ,

Qjueg | Jueg I queg | yjueg Q)ueg 0 yueg 1 yueg I ueg
pUBLLLIOY puBWwLWOY puBWLWOD puBWIWON pUBLIWOD puUBLIWOY puBwWLWOD puewwon
abIeyoaid peay aleAOY aBieyooid peay aSlBAOY peay SRAIOY

IBM03644B4C

IBM0364164C
64Mb Synchronous DRAM - Die Revision A

Wod

IBMO364404C
IBM0364804C

LY BY-0V

olvY

N

/ ubiy - 3MO

Fedoy |

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g = d} ‘a4 g = fouste SO ‘8 = yibue isung abieyoald YU (s)ueg bBuiaes|iaju]) peay moy wopuey

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 55 of 69



3lp|=g'@ueg

In-
___ o

L quEd 0 jueg L sjueg .1.=089
PUBLLILLIOY | jueg PUBLLLLON 0 jueg pUBLIWOD | juegq *
afiyeyoaid ony puBWWOD abieyso1d oJny puUBWIWOY abueyoaid ojny puUBLIWOD
Lm peay ABAPY UM peay SBAIDY Lim pesy AEANSY

Wod

i LY BY-0V

olvY

NN NN s

: 0 yueg : ” | yueg; m ; m ; m P ; i ; W
/ m@mzow_n_ B:< veis : m mm_mzom:n_ B:< URIS : | i i | : : L uBiH =)YTe)

mxou.

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g = <} ‘004 g = fouele SO '8 = Yibue ising abieyoaid-ony Yuaa (sjueg bBuiaespiaju]) peay moy wopuey

64Mb Synchronous DRAM - Die Revision A

IBM0364404C IBM0364164C
IBM0364804C 1BM03644B4C

03K2149
GA14-5286-09
3/98

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

@IBM Corporation. All rights reserved.
Page 56 of 69



<
c i a|p|=c‘Zyue
m m 5 1P : ueq
© 8w 0 ueg | yueg 0 yueg 1.=0889 ,
— M“ = pUBLIWION 0 )ueg pUBLIWON 1 yueg pUELILLION 0 yueg
M w O afiieyoaid ony pUBLLLLIOT obueyooid oiny PUEBLILLOT aBeyseld ony pUBWIWOY
@ B ﬂ UM SJUM ey Ui SJIAA SNErRY UM STAA afealoy
o 4 i i « ; :
= = & i i ;
zmB
= 0d
Qo<
32E
I3 0
®® 0 Woa
SS5
m oM mw
c fo g
ev_... LY 6Y-0Y
2
5 |
© oL
Isg ,
am
SYD
Svd

1 x_._m_m_.m_m_mz
-2ld oy PElS

[ edDy |

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g = <} ‘004 g = fouele SO '8 = Yibue ising abieyoaid-ony YU (s)ueg Buiaesjiau]) allupA MOY wopuey

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 57 of 69



In-
([l

IBM0364804C IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

IBM0364404C IBM0364164C

Ue: =
PRI elp|=¢'2ueg
abieyoaid .1.=0S49

: Qjueyg Q)ueg Qyueg I queg | »ued 0 queg 0 yueg *

i PUBWWOD puBLlLIWIOD PUBLLLIOY pUBLLIWOY puBwIWLIOD PUBLILLION puUBWIWON

STUM SIRAIOY abireyoaud UM DIRA[IOY DIUM aeAIlY

I S e

(va)oivaRpackerag (raaKpac)prachack ek rackva)emvapervo)eva

—
.&I”_.W :

Wod

LY 'BY-0Y

I\
a0 *au
pS)

oLy

1S9 ,

M0

fedoy |

_ NN._._ _.N._._QN._._m—._._ m_.._._ h—._._o—._._ m_.._._ w_.._._ m—._._ N_r_._—_.._._ c—._._ m._._ w._._ t._ m._._ S1 _ F_._ n._._ N._._ L _ oL _

g = ¢} ‘00 g = Aousle] GO ‘8 = Ylbuan ising abieyoaid yupn (syueg buiaeajiaju]) ajIp\ MOY wopuey

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

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

Page 58 of 69

3/98



o m a|p|=g'gyueg
<t m Aouse Aousye] «1.=0549
2 3 L sueg 0|0 0157 0 yueg 00| OML 0 ueg ouEg *
< o PUBWILLIOY B U]l POYSBIN S| PUBWILLIOT B )M PIYSBY S| PUBLLILLION puELWILIOD

% % m-_w=.u_u_u.m:n_ Eleg Sium AUl S9lUM  BleQ pESY SUL peoy Em\wzu(

m @

Wod

IBMO364404C
IBM0364804C

LY BY-0V

64Mb Synchronous DRAM - Die Revision A

A A n s

[ edDy |

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g = dH} ‘AoH} e = Aouale] g0 |g = Yyibua 1sing 0_0>0 9l / PE9Y

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 59 of 69



h ull
1T

IBM0364404C IBM0364164C

IBM0364804C 1BM03644B4C

64Mb Synchronous DRAM - Die Revision A

0 3ueg
| Bueqg PUBLLLLION

pueLwoD  sfueyosid oy  PUBLIWON
abieoaid yym peay

L MuEg
peoy

| yueg
pUBLIWOD
proy

| yueg
puBLIWOD

pray

| Xueg
PUBLILLIOY m__u_Hm”_Nv_Cmm

aRALOY
| o yueg 0 sueg «1.=088 ,
¢ pUBLILWOY PUBLLLIOS
H peay SBANDY

Wod

Y LY BY-0V

H olvY

w 0 ueg]
mmm_m:om_n_ezqtﬂwm

: mxou_. :

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

g = d4} 0oy g = fousle SV ¥ = YibusT i1sing

3|oAD peay uwnjo) pareaau|

03K2149
GA14-5286-09

@IBM Corporation. All rights reserved.

3/98

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

Page 60 of 69



0 jueg 0 yueg :
PUBLIWOY puUBLIWOY a|p|=g 2¥yueg
afieyoeld ony peay _

L ueg ynm peay 1 jueg : e «1.=089
PURWIWOY T PUBWWILLIOY Lyueg 0 yueg
ableyooid ony | ueg i ; PUBLIWOY

ym peay pUBLILIOT ARy
: ey "

abiyeyoaid ony puBLIWICY
yum peay SIRANY

IBM03644B4C

IBM0364164C
64Mb Synchronous DRAM - Die Revision A

L4

| siueg
afieyosid oMy 1EIS |

& i 1ueg
¢ abieyosud oy
i vels

Wod

IBMO364404C
IBM0364804C

LY BY-0V

[ edDy |

_______éé
o
1 _ NN._._ _.N._._ON._._m—._._ w—._._ h—._._w—._._m—r_._ _w—r_._ m—._._N—._._—_.._._c—._._ m._._ w._._ P_._ m._._ SL _ w._._ w._._ N._._ L _c._. _

[lm]| g = ¢y ‘004 g = Aousle SO ¥ = yibue 1sing 1sing peay Jaje abieyosaid oy

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 61 of 69



In-
([l

IBM0364804C IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

IBM0364404C IBM0364164C

3|p|=¢ '2ueg

Qjueg | Mued Q)ueg | Jueg
PUBLIWION 0 ueg PUBLLLLIOND | Yueg PUBLLILLIOYD pUBLILLIOD | uEg 0 yueg 0 ueq

abieyoaig ojny  PYBWWOD o ipina g oy PUBWWOD 56 py0014 olny afileyoeig ony  PYBWWOD  puewweg — PUBWWOR
ymoanp MY pmap - OBAMRY UM STIAA umonp  OTEARY SIIM SPRAIDY

- — —{ervaXervapvoKovolraokpieakaapviac)va)zivaN vaKoivakeraa)oraapaakrao)prvaRpvayivo)

Wod

LY '6Y-0Y

olvY

0 yueg :
abBieysaig : 0 Xueg : ] ; W ; W ; W ; : ;
oy peig  9PrRYOaId OINY PElS | abueyoaid oIy Lels | ableyodid oy LeIS | | W ; W ; W | : ; uBn 3MO

_ NN._._ _.N._._ON._._m—._._ w—r_._ h—._._w—._._ m—r_._ w—r_._ m—._._ N—._._—_.._._ c—._._ m._._ w._._ P_._ m._._ S1 _ w._._ n._._ N._._ L _ oL _

2 = fousre gy0 ‘v = yibusa 1sing

J.=0s9

03K2149
GA14-5286-09

1sing a1\ Jaye ableyoald ony

@IBM Corporation. All rights reserved.

3/98

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

Page 62 of 69



0 Xueg Pa3SELL S| 0 jueg 0 iueg 0 ueg 0 yueg 0 >ueg
PUBLLLLION a1Ag 1addn pUBLIWGA pUBWIWOY pUBWIWION purwwon  puewwon 2[RI =g'2yuegd

ajum albuig i paysew s|  peay sm sibuis ol 2iBuls peoy SRAOY =
H . oWgummol i «1.7038

PasysEW s|

;g _w_‘so:_ x

IBM03644B4C

IBM0364164C
64Mb Synchronous DRAM - Die Revision A

IBMO364404C
IBM0364804C

Woan

LY 'BY-0V

0lvY

_ NN._._ —N._._QN._._m—._._ m_.._._ h—._._o—._._ m_.._._ w_.._._ m—._._ N—._._——._._ o—._._ m._._ w._._ P_._ m._._ S1 _ F_._ w._._ N._._ L _ 0L _

2 = fousre gy0 ‘v = yibusa 1sing :O_um._wa_o 91U O_QC_W pue peay jsing

©IBM Corporation. All rights reserved.

Use is further subject 1o the provisions at the end of this document.

03K2148

GA14-5286-09

3/98

Page 63 of 69



0 jueg 0 yueg 0 ueg 0sueg - T
puBLLWOD puBWIWOY PUBLLLLIOY puBlIWOD puBllIWOY puBlIWOD PUBLLIWOD _U_ m” NV_ m
doig 1sung peay almaBus  aum albuig doig 1sing PEoY SRAIIOY 1.=0589

In-
([l

3

D S () Co S Y o S o S ' () () S IR R

Wodan

03K2149
GA14-5286-09

Woan

LY 'BY -0V

0l¥

ye IO

CENOp

_ NN._._ —N._._QN._._m—._._ m_.._._ h—._._o—._._ m_.._._ w_.._._ m—._._ N—._._——._._ o—._._ m._._ w._._ P_._ m._._ S1 _ F_._ w._._ N._._ L _ 0L _

IBM0364804C IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

IBM0364404C 1BM0364164C
@IBM Corporation. All rights reserved.

g = d¥) A0H) o = fousle gyD ‘ebed ||n4 = yiBua 1sing :O_um._ono aJlipA 916uls pue peay ising abed |In4

3/98

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

Page 64 of 69



IBM0364404C IBM0364164C
IBM0364804C  IBM03644B4C
64Mb Synchronous DRAM - Die Revision A

PACKAGE DIMENSIONS (200mil; 54 lead; Thin Small Outline Package)
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PACKAGE DIMENSIONS (400mil; 54 lead; 2 High Stack; Thin Small Outline J Lead Package)
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Contents Of Modlhcatlon

Revlslon
31397 {Initial Release _
dd 2 ngh Stack package |nfom1at|on Change tAC
Add 2 High Stack package information.
6/12/97

dd 2 High Stack package information. tgsc: Correct units from ‘'ms’ to ‘ns’.

dd 2 High Stack package information. Change currents.

Change AC parameters.

dd 2 High Stack package information.

:Remove x8 2 hlgh stack (Also page 9)

iRemove -12. Remove x8 2 high stack. Add -322.

hange clock capacltance

8/14/97 i Add footnote to Output Characterlstlcs
emove -12. Add -322. Change currents: lggy, e, locs looas loos
: emove -12. Add -322.
8/28/97 hange currents: lgca. ;
i iChange currents: g, lccap, locs, locs definitions; loes, loces, locs 1abels. i
9/18/97 L e tetoraseaaeeteaoen st en e e AR oA TR Ao e AR Lt TE LA AR a8 01 AR e s ;

hange tAC for 80 (remove tAcm c)) 10 (tACZ © from 10 to 9 ns)

9/30/97
educe toy for -80 (from 3 to 2.5ns).
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Revision Log

Clarify wording: when Auto-precharge begins.

Clarify Precharge Command.

iCorrect CL (Burst Read followed by the Precharge Command).

:Correct table header information (Address). Change notes 2, 3.

10/14/97 rrect table header information (Address).

orrect last read command (shifted one clock) to be consistent with CL.

 Correct timing diagram.

:Cormrect output for CAz

:Add Column address clarification.

;Change Icc1 from 120 to 125 for -322.

Change notes for AC Charactenstlcs and Clock and Clock Enable Parameters tables (V‘H V”_ tT)

11/13/97

Ianfy notes in Refresh table and Read table
; ;Corrected address blts to A? A13 :
da d AC Parameters for Head TI i Dla ram. :

emove -80 sort

1/21/98 hange ICCEN from 35 to 45 change |Cc:aN from 45 to 55 for 322 10 Remove unreferenced note

tRenumber notes.

:Change -322 to -360. Add -365, -370 part numbers, access information. Also, page 5, page 41 - page 44

:Auto-precharge: Read or Write Interrupt to another bank allowed. Also, page 35 (Read/Write with Auto- :

1/27/98 : fprecharge sections.) |

: Add note: tep

larify Power Down description.

3/2/98 hange lccs for -360, -365, -370 from 500 to 2mA.

3/17/98 {Remove BL=1.
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