Features

» High Performance:

-10 -12 H
CL=3 CL=3 Units

fck | Clock Frequency 100 | 83 | MHz
tck | Clock Cycle 10 12 ns

tac | Clock Access Time 8 9 ns

» Single Pulsed RAS Interface

 Fully Synchronous to Positive Clock Edge

» Dual Banks controlled by A11 (Bank Select)

» Programmable CAS Latency: 1,2,3

» Programmable Burst Length: 1,2,4,8,full-page

» Programmable Wrap Sequence: Sequential or
Interleave

Description

The IBM0316409C, [IBM0316809C, and
IBM0316169C are dual bank Synchronous DRAMs
organized as 2Mbit x 4 1/0 x 2 Bank, 1Mbit x 8 I/O x
2 Bank, and 512Kbit x 16 1/0 x 2 Bank, respectively.
These synchronous devices achieve high speed
data transfer rates of up to 100MHz by employing a
chip architecture that prefetches multiple bits and
then synchronizes the output data to a system clock.
The chip is fabricated with IBM’s advanced 16Mbit
single transistor 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 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 twelve bit
address bus accepts address data in the conven-
tional RAS/CAS multiplexing style. Eleven row
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IBM0316169C IBM0316409C
IBM0316809C

16Mb Synchronous DRAM

« 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

e 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

e LVTTL compatible

* Package: 44 pin 400 mil TSOP-Type Il (x4,x8)
50 pin 400 mil TSOP-Type Il (x16)

addresses (A0-A10) and a bank select address
(A11) are strobed with RAS. Ten column addresses
(AO-A9) plus a bank select address (All) 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.

Prior to any access operation, the CAS latency,
burst length, and burst sequence must be pro-
grammed into the device by address inputs A0-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 two 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.

Auto Refresh (CBR) and Self Refresh operation
are supported. These devices operate with a single
3.3V 0.3V power supply and are available in
400mil TSOP Type Il packages.

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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IBM0316169C 1BM0316809C

IBM0316409C

16Mb Synchronous DRAM

Pin Assignments

VDD ]
NC [
VSSQ [
DQO []
VDDQ []
NC [
VSSQ [
DQ1 [
VDDQ []
NC [
NC [
WE [
CAS [
RAS [
CsS [
Al1 (BS) [
A10 [
A0 []
Al [
A2 [
A3 [
VDD []

© 00 N O WDN

NN NRPRRRRRRERR R B
Nk, O ©oo~NOOh~ wNDNPEL O

(Top View)
44 1 Vss VDD [] 1 O
431 NC DQO [] 2
42 1 VSSQ VSSQ [] 3
41 1 DQ3 DQ1 [] 4
40 [1 VvDDQ vDDQ [] 5
390 NC DQ2 [ 6
38 [] VSSQ VSSQ [ 7
37 [1 bQ2 DQ3 [ 8
36 [] VDDQ VvDDQ [] 9
35[] NC NC [] 10
34 1 NC NC [ 11
33 [] DQM WE [] 12
32 [] CLK CAS [] 13
31 [1 CKE RAS [] 14
30 [] NC CS [ 15
29 [1 A9 Al11 (BS) [] 16
28 [1 A8 A10 [] 17
27 0 A7 A0 [] 18
26 [] A6 Al [] 19
25 [] A5 A2 ] 20
24 [1 A4 A3 [ 21
23 [] Vss VDD [] 22

44-pin Plastic TSOP(Il) 400 mil
2Mbit x 4 1/0 x 2 Bank

IBM0316409CT3

44 ] Vss
43 [1 DQ7
42 1 VSSQ
41 [] DQ6
40 [1 VDDQ
39 [1 DQ5
38 [] VSSQ
37 [1 DQ4
36 [] VDDQ
35[] NC
341 NC
33 [] DQM
32 [] CLK
31[] CKE
30 [1 NC
29 [1 A9
28 [1 A8
27 1 A7
26 [1 A6
25[] A5
24 [1 A4
23 [] Vss

44-pin Plastic TSOP(Il) 400 mil

1Mbit x 8 I/O x 2 Bank

Pin Description

CLK
CKE
cs

RAS
CAS

WE

A1l (BS)
A0 - A10

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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IBM0316809CT3
Clock Input DQO0-DQ15
Clock Enable DQM, LDQM, UDQM
Chip Select VDD
Row Address Strobe VSS
Column Address Strobe VDDQ
Write Enable VSSQ
Bank Select NC

Address Inputs

VDD [] 1 O 50 [] Vss
DQO ] 2 49 [1 DQ15
DQ1 [] 3 48 [1 DQ14
VSSQ [] 4 47 [1 VSSQ
DQ2 [ 5 46 [1 DQ13
DQ3 [] 6 45 [1 DQ12
VvDDQ [] 7 44 1 VvDDQ
DQ4 [] 8 43 [] DQ11
DQ5 ] 9 42 [1 DQ10
VSSQ [] 10 41 [] VSSQ
DQ6 [] 11 40 [1 DQ9
DQ7 [ 12 39 [] DQ8
vDDQ [] 13 38 [J vDDQ
LDQM [ 14 370 NC
WE [] 15 36 [] UDQM
CAS [] 16 35 [] CLK
RAS [] 17 34 [1 CKE
CcsS 18 33[1 NC
A11(BS) [] 19 321 A9
A10 ] 20 31[] A8
A0 [ 21 30 A7
Al [] 22 29 [] A6
A2 [] 23 28 [1 A5
A3 [ 24 27 [0 A4
VDD [] 25 26 [] Vss

50-pin Plastic TSOP(Il) 400 mil
512Kbit x 16 1/0 x 2 Bank
IBM0316169CT3

Data Input/Output
Data Mask
Power (+3.3V)
Ground
Power for DQs (+3.3V)
Ground for DQs

No Connection

07H3997
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IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Input/Output Functional Description

Symbol

CLK

RAS, CAS
WE

A1l (BS)

A0 - A10

DQO - DQ15

DQM
LDQM
UDQM

VDD, Vss

VDDQ VSSQ | Supply

07H3997
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Type

Input

Input

Input

Input

Input

Input

Input

Output

Input

Supply

Signal

Pulse

Level

Pulse

Pulse

Level

Level

Level

Pulse

Polarity

Positive
Edge

Active
High

Active Low

Active Low

Active Low

Function

The system clock input. All of the SDRAM inputs are sampled on the rising edge of the
clock.

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

CS enables the command decoder when low and disables the command decoder when
high. When the command decoder is disabled, new commands are ignored but previous
operations continue.

When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the
operation to be executed by the SDRAM.

Selects which bank is to be active. A11 low selects bank A and A11 high selects bank B.

During a Bank Activate command cycle, A0-A10 defines the row address (RA0-RA10)
when sampled at the rising clock edge.

During a Read or Write command cycle, A0-A9 defines the column address (CAO0-CA9)
when sampled at the rising clock edge. In addition to the column address, A10 is used to
invoke autoprecharge operation at the end of the burst read or write cycle. If A10 is high,
autoprecharge is selected and All defines the bank to be precharged (low=bank A,
high=bank B). If A10 is low, autoprecharge is disabled.

During a Precharge command cycle, A10 is used in conjunction with A11 to control which
bank(s) to precharge. If A10 is high, both bank A and bank B will be precharged regard-
less of the state of Al11. If A10 is low, then A1l is used to define which bank to precharge.

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-
pled high. In Read mode, DQM has a latency of two clock cycles and controls the output
buffers like an output enable. In Write mode, DQM has a latency of zero and operates as
a word mask by allowing input data to be written if it is low but blocks the write operation
if 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-
nity.

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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IBM0316169C 1BM0316809C

IBM0316409C
16Mb Synchronous DRAM

Ordering Information
Part Number

IBM0316409CT3-10H
IBM0316409CT3-12H
IBM0316809CT3-10H
IBM0316809CT3-12
IBM0316169CT3-10H

IBM0316169CT3-12H

©IBM Corporation. All rights reserved.

CAS Latencies

12,3
12,3
12,3
12,3
12,3

12,3

Power
Supply

3.3V
3.3V
3.3V
3.3V
3.3V

3.3V

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

10ns
12ns
10ns
12ns
10ns

12ns

Package

400mil Type 1l TSOP-44
400mil Type 1l TSOP-44
400mil Type 1l TSOP-44
400mil Type 1l TSOP-44
400mil Type 1l TSOP-50

400mil Type 1l TSOP-50

x8
x16

x16
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Block Diagram (2Mbit x 4 1/0 x 2 Bank)

IBM0316169C IBM0316409C

IBM0316809C

16Mb Synchronous DRAM

CKE —>| CKE Buffer

P

=
<

1apooag moy

M

2048 x 1024
Memory Bank A

P S E— Self L|
Refresh Clock L]
[N
Qj S
Row Sd * L
Address AN
Counter H Sense Amplifiers
Bank A B
Row/Column L Column Decoder and DQ Gate
CLK CLK Buffer Select L |
AO L
Al Sequential
A2 ~ 12 Control
A3 — SNy Bank A
A4 —| & —
A5 —» & — I
A6 —| @
A7 — &
A8 —»| 5 12 11_ Y Mode Register
A9 — 2 ¥ 5
A10 — —
A11 (BS) —L |
[ r Sequential
Control

RAS —>| RAS Buffer

Bank B
Row/Column

Select

oS —{emnm f—

— il
ooy —{aman]}

Command Decoder

Column Decoder and DQ Gate

Sense Amplifiers

a

2048

Row Decoder

Memory Bank B
2048 x 1024

%
i
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~\

<~=DQO
—~DQ1
—~DQ2
—DQ3

Data Input/Output Buffers |

©IBM Corporation. All rights reserved.
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IBM0316409C
16Mb Synchronous DRAM

Block Diagram (1Mbit x 8 I1/0 x 2 Bank)

CKE —>| CKE Buffer

1apooag moy

2048 x 512
Memory Bank A

Sequential
Control |
Bank A

|

11 )|Mode Register

f

0 Self
Refresh Clock
Row
Address
Counter
Bank A
Row/Column
CLK CLK Buffer Select
AO L
Al —
A2 — V5
Ad — g —
A5 —= £ _
A6 —| @
A7 — 8
A8 — 5 12
A9 — 2
A10 — —
A11 (BS) —L |

@

RAS —’| RAS Buffer
s

Command Decoder

Sequential
Control 1
Bank B

Data Latches

-l
S

ya
Bank B 78
Row/Column
Select
8

Row Decoder

Column Decoder and DQ Gate

Sense Amplifiers

512

Memory Bank B
2048 x 512

©IBM Corporation. All rights reserved.
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IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Block Diagram (512Kbit x 16 I/O x 2 Bank)

CKE —>| CKE Buffer

Self
Refresh Clock
Row QO
Add —>D
Courrise? _’DQl
Bank A 1 _>DQ2
—DQ3
Row/Column
CLK CLK Buffer Select é —>D8§
=i | HE
11 )Predecode A A % Q7
A0 — - . ”?{{ = ‘ % —DQ8
P S BE= || e
8 12 1 T W_d\ < _>DQ10
AS—1 3 — | Bank A 78 & D011
Ad —= o —>|)
A5 — £ — I —DQ12
A7 —| 8 D
A8 —»| 5 12 11 >|Mode Register Q15
A9 — 2 —D
A10 —] - !
A1l (BS) —L |
[ r Sequential
@ —

A — ya
RAS —>| RAS Buffer — Bank B >4
Row/Column

Select |
WE WE Buffer

Command Decoder

©
n
N

d
g Memory Bank B
2048 x 256

e

i)

Row Decoder

7

UDQM DQM Buffer

-

W

ey
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IBM0316169C I1BM0316809C
IBM0316409C
16Mb Synchronous DRAM

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 no
later than any of the input signal voltages. The power on voltage must not exceed VDD+0.3V on any of the
input pins or VDD supplies. After power on, an initial pause of 100us is required followed by a precharge of
both banks using the precharge command. In an attempt to reduce the possibility of data contention on the
DQ bus during power on, it is recommended that the DQM pin(s) be held high during the initial pause period.
Once both banks have been precharged, a minimum of two Auto Refresh cycles (CBR) must occur before the
Mode Register can be programmed. 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 on the

second clock following the mode register set command.

CAS Latency

The CAS latency is a parameter that is used to define the delay from when a Read Command is registered on
arising 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 1, 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. 07H3997
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5/9
Page 8 of 104



IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Mode Register Operation (Address Input For Mode Set)

BS | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus (Ax)

Operation Mode CAS Latency BT Burst Length Mode Register (Mx)
Operation Mode Burst Type
M11/ M10 M9 M8 | M7 Mode M3 Type
0 0 0/ 0 O Normal 0 Sequential
Multiple Burst with 1 Interleave
X X 111040 Single Write
CAS Latency Burst Length
M6 | M5 | M4 Latency Length
M2 | M1 MO
0 0 0 Reserve Sequential | Interleave
0 0 1 1 0 0 0 1 1
0 1 0 2 0 0 1 2 2
0 1 1 3 0 1 0 4 4
1 0 0 Reserve 0 1 1 8 8
1 0 1 Reserve 1 0 0 Reserve | Reserve
1 1 0 Reserve 1 0 1 Reserve | Reserve
1 1 1 Reserve 1 1 0 Reserve | Reserve
1 1 1 | Full Page | Reserve
07H3997 ©IBM Corporation. All rights reserved.
SA14-4711-06 Use is further subject to the provisions at the end of this document.
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IBM0316169C I1BM0316809C
IBM0316409C
16Mb Synchronous DRAM

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 AO - A3 during the Mode Register Set com-
mand. Operation mode is also programmable and is set by address bits A7 - A10 and BS.

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 Table.

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 Command. The burst length can be programmed to have values of 1, 2, 4, 8 or full
page (actual page length is dependent on organization: x4, x8, or x16 ). Full page burst operation is only pos-

sible 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

2

Full Page (Note)

Note: Page length is a function of I/O organization and column addressing.

Starting Address (A2 A1 AQ)

xx0
xx1
x00
x01
x10
x11
000
001
010
011
100
101
110
111

nnn

Sequential Addressing (decimal)

X4 organization (CA0-CA9); Page Length = 1024 bits

X8 organization (CA0-CA8); Page Length = 512 hits

X16 organization (CA0-CA7); Page Length = 256 bits

©IBM Corporation. All rights reserved.
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A O P ON O GOIN P O W
o

N
ol o ~Alw NP O N

Interleave Addressing (decimal)

0,1
1,0
0,1,2,3
1,0,3,2
2,3,0,1
3,2,1,0
1,2,3,45,6,7
0,3,25,4,7,6
3,0,1,6,7,4,5
2,1,0,7,6,5,4
5,6,7,0,1,2,3
4,7,6,1,0,3,2
7,4,5,2,3,0,1
6,54,3,2,1,0
Not Supported
07H3997
SA14-4711-06
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IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Bank Activate Command

In relation to the operation of a fast page mode DRAM, the Bank Activate command corresponds to 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, A1l (sometimes referred to as BS), is used to select the
desired bank. If BS is low then bank A is activated, if BS is high then bank B is activated. The row address A0
- A10 is used to determine which row to activate in the selected bank.

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 (tgc). The minimum time interval between interleaved Bank Activate commands (Bank A to Bank B

and vice versa) is the Bank to Bank delay time (tgrp)-
Bank Activate Command Cycle  (CAS Latency = 3)

TO T1 T2 T3 Tn Tn+l Tn+2 Tn+3

SN S N N Y L
Bank A Bank A Bank B Bank A
ADDRESS <Row Addr. >"< >"< >"< CoI Addr. >‘ """"" ‘< Row Addr. >‘< >_<Row Addr. >"< >_

Bank A Write A Bank B Bank A
COMMAND< Actlvate >—< >—< NOP >—< &g@,ﬁ‘#g’e """"" Activate NOP Activate NOP
T
|

O] :Hore

RAS CAS delay (tRCD) IRAS RAS delay time (tRRD)

RAS Cycle time (trc)

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 (trcp). 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 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. Although
the burst length is user programmable, the boundary of the burst cycle is restricted to specific segments of
the page length.

For example, the 2Mbit x 4 1/0 x 2 Bank device has a page length of 1024 bits (defined by CA0-CA9). If a
burst length of 4 is programmed into the Mode Register, then 256 boundary segments (4-bits each) are
addressable. The first access will begin at the column address supplied to the device during the READ or
Write Command (CAO0-CA9). However, the second access is not necessarily the next higher order column
address. The second access is a function of the starting address, the burst sequence, and burst boundary.
Restated, the burst sequence is contained to four bits associated with one of the 256 possible boundary seg-
ments. The actual boundary segment (1 of 256) is determined by the eight higher order column addresses
(CA2-CA9). The first access within this boundary segment is determined by the two low order column
addresses (CA0-CA1) and the following three accesses are determined by the burst sequence.

07H3997 ©IBM Corporation. All rights reserved.
g/g%4—4711—06 Use is further subject to the provisions at the end of this document.
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16Mb Synchronous DRAM

The above discussion does not apply when full page burst is programmed into the Mode Register. Full page
burst length works only with the sequential burst sequence and has no address boundaries. The SDRAM
device will continue bursting data even after the entire page burst length has been satisfied. The burst
sequence will start at the column address defined during the read or write cycle and will increment sequen-
tially until the highest order column address has been reached. At this point, the burst counter will reset to
address 0 and continue to perform burst read or burst write operations sequentially until either a Burst Stop
Command is issued, a Precharge Command is issued to the bursting bank, or until a new Read or Write
Command is issued which will interrupt the existing burst and begin a new burst at the new starting column
address.

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 (treg) 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 previous burst is interrupted by another Read or Write Command, the remaining addresses are
overridden by the new address once the CAS Latency has been satisfied.

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 both Bank A and Bank B are acti-
vated, interleaved (ping pong) bank Read or Write operations are possible. By using the programmed burst
length and alternating the access and precharge operations between the two banks, fast and seamless data
access operation among many different pages can be realized. When the two banks are activated, column to
column interleave operation can be done between two 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 (1, 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 = 1, 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK I\
COMMAND< READAH >—-< NOP >—-< NOP >—-< NOP >—-< NOP >—-< NOP >—-< NOP >—-< NOP >—
I /I

I
| | | |

CAS latency = 1 \
—|—< DOUTAg ) DOUTA; X DOUTA X DOUT Az I

tCKl, DQS /
I
1

I
CAS latency = 2 I
tCK2, DQS I

I
I
|

I < DOUT Ag >< DOUT A1 ¥ DOUT Ay >< DOUT A3 >

CAS latency = 3
teks, DQs

I I
I I
[ [
| I I
I / I I
| { pouTAg >< DOUT Ag >< DOUT Ap >< DouUT A3 I i
I I I
| I I
| | |

©IBM Corporation. All rights reserved. 07H3997
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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 CAS latency from

the interrupting Read Command is satisfied, at this point the data from the interrupting Read Command
appears.

(Burst Length =4, CAS latency =1, 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK & A
| | |
| |

COMMAND~< READA>—<READBH NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—

|

- |
CAS latency = 1 | / !
—|7< DOUTAg X DOUTBg X DOUTB; X DOUTBp X DOUT 83 i
|
1

A A A A A 3

tcka, DQs

CAS latency = 2
tcko, DQs

CAS latency = 3
tcks, DQs

|
|
| DOUT Ag >< DOUT By ) DOUTB; >< DOUT By >< DOUT 53
|
|
[

|
: DOUTAO >< DOUT Bg >< DOUT B >< DOUT B> >< DOUT B3 >|7

Read Interrupted by a Write

Dependent upon CAS Latency and burst length, there exist two methods in which a burst read operation can
be interrupted by a Write Command and one situation in which a burst read operation can not be interrupted
by a Write Command. To interrupt a burst read with a Write Command, DQM must be used to avoid data con-
tention on the 1/0O bus by placing the DQs (output drivers) in a high impedance state at least one clock cycle
before the Write Command is initiated. To insure the DQs are tri-stated one cycle before the write operation
begins, DQM must be activated at least 3 clock cycles before the Write Command and be deactivated in the
same clock cycle as the Write Command.

07H3997 ©IBM Corporation. All rights reserved.
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Method 1: CAS latency = 1 or 2, Burst Length = Any

When the CAS latency is 1 or 2, the minimum interval between the Read and Write commands is one clock
cycle.

Minimum Read to Write Interval: Burst Length = 4, CAS latency =1, 2

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK I A
I

| |

|
oo -
I
|

A A

o

1 Clk Interval

BANK A
COMMAND< NOP >—< NOP >_<ACTIVATE>_< NOP >—< READ A >—<WRITEA>—< NOP >—< >—< NOP >~
I I I I I I
| | / 1 1 1 1
| | | DN >—< DIN Ag >—< DIN A2 >—< DIN A3 >
I I I I
' Heme H
|

Must be Hi-Z before
DIN A3 >

NOP

I
CAS latency = 1 I
tek1, DQs I

I
I
|

the Write Command

: < DIN Ag >—< DIN Ap

CAS latency = 2
tcke, DQs

|:| T "H” or “L”

DIN Ap

Non-minimum Read to Write Interval: Burst Length = 4, CAS latency =1, 2

TO T1 T2 T3 T4 TS T6 T7 T8

CLK I )\
| | | | |
| | | | |

oom [ /) | o\
| | | | |
1 1 1 1 1

COMMAND~< NOP >—< READ A >—< NOP >—< NOP >—< NOP >—<WRITEB

Hovor Hover H
Home Home H

I
CAS latency = 1 I
tcka, DQs I

I
I
|

| | Must be Hi-Z before
the Write Command

I [
| DOUT Ag }— DIN Bg

CAS latency = 2
tcko, DQs

|:| :“H" or “L”

T

©IBM Corporation. All rights reserved. 07H3997
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Method 2: CAS latency = 3, Burst Length =1, 2, 4, or 8
If the CAS latency is 3 and the burst length is not full page, then a Burst Read operation can be interrupted by

a Write command provided that the Write command occurs after a minimum interval of [burst length +1]
cycles.

Read to Write Interval: Burst Length =4, CAS latency = 3

TO T1 T2 T3 T4 TS T6 T7 T8

CLK l A A ) L

! Mihimum delay between the Read and Write Commands = Burst Length+1 cycles ! !
I I I | | | I I I
oom | | / | L\ | |
I I I I I I I I I
COMMAND~< NOP >—< READ A >—< NOP >—< NOP >—< NOP >—< NOP >—< WRITE B >—< NOP >—< NOP >—
I I I I I I I I I

I I I
DQs i i i i DOUT Ag DIN Bg >—< DIN By >—< DIN B >
! !

| | | | | Must be Hi-Z before |
D D“H” or “L”

A A A A

the Write Command

If the CAS latency is 3 and the burst length is full page, then a Burst Read operation can never be interrupted
by a Write command. In this situation, the Burst Read operation must be interrupted by a Burst Stop
Command before a Write operation can be issued to the open bank.

07H3997 ©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-

guent 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 = 1, 2, or 3)

TO Tl T2 T3 T4 T5 T6 T7 T8

CLK & A

| | | | | | | | |
I I I I I I

COMMAND< NOP >—<WRITEA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—
I I I I I I
I | | | | |

DQO - DQ3 —|—I DIN Ag >—< DIN Ag >—< DIN A >—< DIN A3 >—<d0n'tcare>
|

The first data element and the Write Extra data is masked.
are registered 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 programmed burst length is satisfied.

Write Interrupted by a Write  (Burst Length = 4, CAS latency = 1, 2, or 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK \ )\
COMMAND*< >—< WRITE A WRITE B >—< NOP

1 Clk Interval

DQS |4< DIN Ag DIN Bg
|

©IBM Corporation. All rights reserved. 07H3997
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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 before the Read Command is
initiated will actually be written to the memory.

(Burst Length =4, CAS latency =1, 2, 3)

TO T1 T2 T3 T4 TS T6 T7 T8

CLK I A A L
|
I I I I I I I I
COMMAND~ NOP }{ WRITEA }{ READB >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >-
I I I I I

|
I I
| _ I I I I I I
atency =1 DIN A DOUT B
teks, DQS 0 o X DOUTB; ) DOUTBy, X DOUT B3 |

[
| | |
_ | | ' ' I
CAS latency = 2 DOUT B, >< DOUT B >< DOUT B >< DOUT B >7
tcke, DQs I ° I ° - : ’ |
I

I
CAS latency =3 I DIN A don’t care don't care DOUT B DOUT B DOUT B DOUT B
tCKS, DQS | 0 0 1 2 3

Input data must be removed from the DQs at least one clock

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

A A A A

07H3997 ©IBM Corporation. All rights reserved.
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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, use a Precharge Command to interrupt a burst cycle and close the active bank, or
using the Burst Stop Command 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. When interrupting a burst with another Read
or Write Command care must be taken to avoid DQ contention. The Burst Stop Command, however, has the
fewest restrictions making it the easiest method to use when terminating a burst operation before it has been
completed. The Burst Stop Command is defined by having RAS and CAS high with CS and WE low at the ris-
ing 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 > 4, CAS Latency = 1, 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK l A A A

| | | | | |
| | | | | | |
COMMAND< READ A >—< NOP >—< NOP >—< NOP %‘fgf} }< NOP >—< NOP >—< NOP >—< NOP >»
I I I I I ! I I I
| | | 1 l I ! o
CAS latency = 1 | \ The burst ends after a delay equal to the CAS latency.
DOUT Ag DOUT A DOUT A3 DOUT A3
teka, DQs /] |

I I
| / . . . . \ |
| \ DOUT Ag >< DOUT A1 >< DOUT A >< DOUT Az '
I I
|
|

A A A

I
CAS latency = 2 |
tcke, DQs |

I
I
|

| | | |
! < DOUT Ag >< DOUT Aq >< DOUT Ay >< DOUT A3 >

CAS latency = 3
teks, DQs

If a Burst Stop Command is issued during a 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 =X, CAS latency = 1,2,3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK l A A L
| | | | | | | | |
l l l l l l l l l
COMMAND< NOP >—< WRITE A >—< NOP >—< NOP >—< %‘t‘c’,f)t >—< NOP >—< NOP >—< NOP >—< NOP >—
| | | | | | |

CAS latency = 1,2,3| ' I I don't care ! | | |
DQs | DIN Ag DIN Aq DIN Ay | , T 0

Input data for the Write is masked.

A A A A A A

©IBM Corporation. All rights reserved. 07H3997
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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 extra address, column address A10, to 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 A10 is high when the Read or Write Command is
issued, then the auto-precharge function is engaged. During autoprecharge, 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. This feature allows the precharge operation to be partially or completely hidden during the
burst read cycles (dependent upon burst length) thus improving system performance for random data access.
Auto-precharge can also be implemented during Write commands although precharge can not begin any
sooner than is possible by issuing the Precharge Command directly to the device.

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 before the entire burst operation
is completed. Therefore use of a Read, Write, Precharge, or Burst Stop Command is prohibited during a read
or write cycle with auto-precharge.

If A10 is high when a Read Command is issued, the Read with Auto-Precharge function is initiated. The
SDRAM automatically enters the precharge operation one clock after the Read Command is registered for
CAS latencies of 1 and 2, and two clocks after the Read Command is registered for CAS latency of 3. Once
the precharge operation has started the bank cannot be reactivated until the Precharge time (tgrp) 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.

Burst Read with Autoprecharge  (Burst Length = 4, CAS Latency = 1, 2, 3)

TO T1 T2 T3 T4 TS5 T6 T7 T8

CLK l A A

COMMAND< E’éﬁK@H NOP >>< NOP >‘<Auﬁﬁa§ge>—< NOP >—< >—< NOP >—< NOP >—< NOP >»

| | |
| i tRP*

|
| < DOUT Ag >< DOUT A1 X DOUT Ay >< DOUT A3 >—47
|

CAS latency = 1
tcky, DQs

tRP
tcke, DQs [ DOUT Ag >< DOUT Aq

CAS latency = 3
tcks, DQs

\
< DOUT Ag >< DOUT A7 { DOUT Ay
/

\
DOUT A >< DOUT Az
/

|
t
| | RP
I
I

| | |
| | |
| | |
T T T
| | |
CASlatency =2 | | |
| | |
T T T
| | |
| | |
1 1 1
[ [ [
| | |

I
I
|
I
I
|
1
I
|
e

|
Begin Autoprecharg * Bank can be reactivated at completlon of trp

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 for CASL
=1,2 or two clocks for CASL=3. This delay is referred to as tpp,. The bank undergoing auto-precharge can
not be reactivated until tpp; and tgrp are satisfied. This is referred to as tps . Data-in to Active delay (tpa. = tpp

+ trp).

07H3997 ©IBM Corporation. All rights reserved.
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Burst Write with Auto-Precharge (Burst Length = 2, CAS Latency = 1, 2, 3)

TO T1 T2 T3 T4 TS5 T6 T7 T8

CLK l A

BANK A
COMMAND B&YKE H nop (' nor ) WRITEA

T

CAS latency = 1 | |
teke, DQs * l
T T | |

| - toa

tcke, DQs < DIN Ag DIN Ap > * |
|

|

CAS latency = 3 toaL

tcks, DQs

~
9
P4
Z
~ x x K
ol T
P4
R'g
~—

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

*Begin Autoprecharge

Bank can be reactivated at completion of tpa

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 both banks simultaneously. Two
address bits A10 and Al1l (BS) are used to define which bank(s) is to be precharged when the command is
issued.

Bank Selection for Precharge by Address Bits

A10 BS(Al1l) Precharged Bank(s)
LOW LOW Bank A only
LOW HIGH Bank B only
HIGH DON'T CARE Both Banks A and B

For read cycles when CAS latency = 1, the Precharge Command may be applied coincident with the last
clock of the burst read cycle. For Read cycles when CAS latency = 2 or 3, the Precharge Command may be
applied coincident with the second to last clock of the burst read cycle.

For write cycles, however, a delay must be satisfied from the start of the last burst write cycle until the Pre-
charge Command can be issued. This delay is known as tpp,, Data-in to 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 (trp).

©IBM Corporation. All rights reserved. 07H3997
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Burst Read followed by the Precharge Command (Burst Length = 4, CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8

CLK J A A A A A A i\

| | | | | | |
COMMAND~<READAX0>—< NOP >—< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >—~
| | | e

| | . * | |
I I | I I I

CAS latency = 2 | | / X X X \ | | |

DOUT Axg | DOUT Axq ) DOUT Axo A DOUT Axg

tcko, DQs | [ \ : / I | |

| | | | | | | | |
* Bank can be reactivated at completion of trp
Burst Write followed by the Precharge Command (Burst Length = 2, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK Ail | | L
| | | | |
COMMAND< NOP >—< petivae >—< ‘NoP >~<WR|TEAXO>—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—
I

A A A Y A

topL trp

*

toaL

| | | I |
| | | | | |
| | | | | |
CAS Iatency =2 | | | | | |
i i i i i i
| | | | | |
| | | | | |

I
I
tcke, DQs < DIN Axg >—< DIN Axy > i
I I I
| | |
~ Bank can be reactivated at completion of tpaL
07H3997 ©IBM Corporation. All rights reserved.
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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. In
addition, invalid data may also appear on the data bus for one or two subsequent clock cycles again as a
function of CAS Latency. It is recommended that the DQM input(s) be asserted to mask this invalid data. (See
“Burst Read Interrupted by Precharge” timing diagrams below.)

Burst Read Interrupted by Precharge (Burst Length = 8, CAS Latency = 1)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK l A A A
| | | | | | | |
bom _\I | / | | | | | |
| | I\ | | | | | |
| | | | | | | | |
COMMAND< NOP >—<READ Axo>—< NOP >—<Precharge A>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >»
| |« tge oK

|

|

DOUT Axg X DOUT Ax1q \ | |

\ . /7] |
|

I I

I I I I I
CAS latency = 1 | | /

I I

| |

tck1, DQs . | | |
| *Bank can be reactivated at completion pf trp
DQM is needed to mask Burst is terminated one clock after the Precharge command.
the output of invalid data. Invalid data may appear on the output pins on the first clock

cycle following the Precharge command.

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

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK i A

| | | | | | |

I I / N I I I I I
DQM _\

| I I I I | | |

| | | | | | | |
COMMAND~<READ Ax0>—< NOP >—< NOP >—<Precharge A>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >~

T
I I e *

I I I
I I I I | I I
CAS I I ' ' ' I I
CAS latency = 2 / \
DOUT Axg DOUT Axq DOUT Axo |

teke, DQs | | \ = |

I I I : [ | I
*Bank can be reactivated at completion of trp | DQM is needed to mask ! Burst i§ terminated tW('J clocks after th'e Precharge coInmand.

the output of invalid data. Invalid data may appear on the output pins on the second clock
cycle following the Precharge command.
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Burst Read Interrupted by Precharge (Burst Length = 8, CAS Latency = 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK J i
| | | | | | | |
| | | | | | | |
PM I| | | | / | | \ | | |
| | | | | | | |
COMMAND‘<READ AXO>—< NOP >—< NOP >—< NOP >—<Precharge A>—< >—< NOP >—< NOP >—< NOP >—

[ [
I I I
I < DOUT Axg >< DOUT Axq >< DOUT Ax > |
I T T I
I

tcks, DQs

T

I | ' I
DQM is neegled to mask | ]
the output of invalid data.

Burst is terminated two clocks after the Precharge command.
Invalid data may appear on the output pins on the second

and third clock cycles following the Precharge command.

[
I
CAS latency = 3 |
I
I

~Bank dan be reactivated at completioh of trp |

Burst write operations will be terminated by the Precharge command. However, write data written to the
device during the Precharge command or prior to the Precharge command may be stored incorrectly and is a
function of CAS latency.

When CAS latency is set to equal 1 or 2, 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 to the Precharge command . The write data
presented during the Precharge command may be stored incorrectly. To prevent from writing invalid data to
the device, DQM must be asserted high during the same clock cycle as the Precharge command to mask the
invalid write data.

Precharge Termination of a Burst Write (Burst Length = 8, CAS Latency =1)

TO Tl T2 T3 T4 T5 T6 T7 T8

CLK J A ) A A ) ) A L
I I I I I —1 I I I
DQM I I I I I / I I I
I I I I I I I
! ! ! ! ! !

COMMAND< NOP >—< NOP >~<WR|TEAXO>~< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—

I I I I |« topL tep | I I
I I I I I I I
toaL *

CAS latency = 1 I I I I I I I I
teka, DQs | | < DIN Axg >—< DIN Axq >—< DIN Axp >—< > | | |

I I | | | | I I I

I I I I I ' I I I

i 1 DQM is needed to mask

| *Bank can be reactivated at completign of tpa | the invalid data | | |
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Precharge Termination of a Burst Write (Burst Length = 8, CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK J A
I I I I I I I

DQM | | | | | / o |
I I I I I I

| | | l l l

COMMAND< NOP >—< NOP >~<WR|TEAXO>~< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >>

A A A Y A

I I I I I ' I
topL trp :

I I I I I | % I

I I I I I foa | | I

I I I I I I I I
CAS latency = 2 \

| | DIN Axg >—< DIN Axq >—< DIN Axp >—< ! | | |
foka, DQs | | | |

| | | | | |

% Bank can be reactivated at completion of tpa| DQM is needed to mask

the invalid data

When CAS latency is set to equal 3, the last write data that will be properly stored in the device is that write
data that is presented to the device two clocks prior to the Precharge command. The write data presented
during the Precharge command and the clock cycle prior to the Precharge command may be stored incor-
rectly. To prevent from writing invalid data to the device, DQM must be asserted high one clock cycle prior to
the Precharge command and on the same clock cycle as the Precharge command to mask the invalid write
data.

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

TO T1 T2 T3 T4 TS T6 T7 T8

CLK l A

S VS

COMMAND< NOP >—< NOP >~<WR|TEA><O>~< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >>
[

A A A A

topL

DIN Axg >—< DIN Axq >—< >—< >

Bank tan b tivated at letion of t | DQM is needed to mask
~k Bank tan be reactivated at completion of tpa_ the invalid data

toaL

tcks, DQs

[ I
I I
I I

CAS latency =3 | |
| |
I I
I I
|
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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). Both 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. An address counter,
internal to the device, decrements the word and bank address during the refresh cycle. No control of the
external address pins is required once this cycle has started.

When the refresh cycle has completed, both 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 (tgc).

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. 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 Operation 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 on the second posi-
tive clock transition 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
(trc) @and CKE is held high during this time.

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 = 1)

TO T1 T2 T3 T4 TS T6 T7 T8

cLK J . . . . ‘: L
S e

COMMAND< NOP >—-<READA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >~
I I I I

I I I I I
DQs ! ! /DOUTA0>< \ul l ! ! !

DOUT Aq
\ /A two clock delay before
|:| CSH or SL”

A A A A

the DQs become Hi-Z

07H3997 ©IBM Corporation. All rights reserved.
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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 registering any unwanted commands
between operations. 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 Operation 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 CS is brought high, the RAS, CAS, and WE signals become don’t cares.

Power Down Mode

In order to reduce standby power consumption, a power down mode is available. All banks must be pre-
charged and the necessary Precharge delay (tgrp) must occur before the SDRAM can enter the Power Down
mode. Once the Power Down mode is initiated by holding CKE low, all of the receiver circuits except CLK and
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 (treg) of the device.

The Power Down mode is exited by bringing CKE high. A one clock delay after the registration of CKE high is
required for the SDRAM to exit the Power Down mode.

©IBM Corporation. All rights reserved. 07H3997
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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
mode 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)

A one clock delay before |

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK X A A A A A A L
|
! ! ! | | | l | !
CKE | | | \ | | | / | A one clock delay to exit
the Suspend command
I
1

I I I
suspend operation starts

| |
| | | 1 L 1
COMMAND< NOP >—< READ A >—< NOP >—< NOP >—<‘ >—< NOP >—< NOP >‘
I I I I I I I I I
| | | /
DQO - DQ3 —, , , | POUT A0 DOUT Aq DOUT Ap

|:| S‘Hor L 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 A A 3 L

I I I I
| |
CKE | |
| |
| |

A

gy

A

A one clock delay to exit
the Suspend command

()

A one clock dela{y before
suspend operation starts

COMMAND< NOP >—< WRITE A >—< NOP >—< NOP >—<
I I I I I
| I I I |
DQO - DQ3 —I—< DIN Ag >—< DIN Ag >—< DIN A >-<

|:| HTorL DIN is masked during the Clock Suspend Period
07H3997 ©IBM Corporation. All rights reserved.
g/g%4—4711—06 Use is further subject to the provisions at the end of this document.

Page 27 of 104



IBM0316169C 1BM0316809C

IBM0316409C

16Mb Synchronous DRAM

Command Truth Table

Function

Mode Register Set

Auto (CBR) Refresh

Entry Self Refresh

Single Bank Precharge
Precharge all Banks

Bank Activate

Write

Write with Auto-Precharge
Read

Read with Auto-Precharge
Burst Termination

No Operation

Device Deselect

Clock Suspend/Standby Mode

Data Write/Output Enable
Data Mask/Output Disable
Power Down Mode Entry

Power Down Mode Exit

A WN PP

(Notes: 1)
CKE
Previous | Current
Cycle Cycle
H X
H H
H L
H X
H X
H X
H X
H X
H X
H X
H X
H X
H X
L X
H X
H X
X L
X H

cs

—

X X | X X X I

RAS

T

I

X | X | X | X | X | X I =T

CAS | WE
L L
L H
L H
H L
H L
H H
L L
L L
L H
L H
H L
H H
X X
X X
X X
X X
X X
X X

DQM

X X | X X | X X X | X | X | X X X X

-

H
X
X

All

BS

BS

BS

BS

os]
n

[ve]
n

X | X | X | X | X | X X X

A10 A9 - AO
OP Code
X X
X X
L X
H X
Row Address
L Column
H Column
L Column
H Column
X X
X X
X X
X X
X X
X X
X X
X X

Notes

5
6,7

6,7

. All of the SDRAM operations are defined by states of CS, WE, RAS, CAS, and DQM at the positive rising edge of the clock.

. Bank Select (BS), if BS = 0 then bank A is selected, if BS = 1 then bank B is selected.

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

. 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).

6. All banks must be precharged before entering the Power Down Mode. The Power Down Mode does not preform any refresh oper-
ations, therefore the device can’t remain in this mode longer than the Refresh period (trer) of the device. One clock delay is
required for mode entry and exit.

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

©IBM Corporation. All rights reserved.
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Clock Enable (CKE) Truth Table

CKE Command

Current State Previous = Current
Cycle Cycle

H X

[ I DN Action Notes
CS RAS CAS WE All A10-AO0

INVALID
Exit Self Refresh with Device Deselect
Exit Self Refresh with No Operation

Self Refresh ILLEGAL

r- -
r | r rr I X
I I I X | X
—r | I | I X X

ILLEGAL

N NN IDNDN P

ILLEGAL

Maintain Self Refresh
INVALID 1
Power Down mode exit, all banks idle 2

Power Down
ILLEGAL 2

X | X X X | X | X | X X | X X X
X | X X X | X | X | X X | X X X

Maintain Power Down Mode

Refer to the Idle State section of the
Current State Truth Table

w

X X CBR Refresh
OP Code Mode Register Set

All Banks Idle

Refer to the Idle State section of the
Current State Truth Table

AW W WD

X X Entry Self Refresh
OP Code Mode Register Set

r,/r r r r r r r r r I r - - I |~

X rmrH—- |/ I X I I r r I I X/ r I T T T T
X rlr | rr - I X|r I X X r

X rir r I | X rir rr I X X|X X | X | X r

X|r|lr I X X rmrir I X X|X|X | X X X X

X m I | X | X X|r I X X X|X X X X X X|X r|T X X

X X Power Down 4

X X Refer to operations in the Current
State Truth Table

T
T
X
x
X
X

Any State
‘other than
listed above L H

T
X
x
X

Begin Clock Suspend next cycle 5
Exit Clock Suspend next cycle

L L X X X X X X Maintain Clock Suspend

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

2. When CKE has a low to high transition, the clock and other inputs are re-enabled asynchronously. The minimum setup time for
CKE (tces) must be satisfied before any command other than Exit is issued.

3. The address inputs (A1l - AO) depend on the command that is issued. See the Idle State section of the Current State Truth Table
for more information.

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.
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Current State Truth Table

Current State

CS RAS CAS
L L L
L L L
L L H
L L H
Idle L H L
L H L
L H H
L H H
H X X
L L L
L L L
L L H
L L H
Row Active L H L
L H L
L H H
L H H
H X X
L L L
L L L
L L H
L L H
Read L H L
L H L
L H H
L H H
H X X

WE

L
H
L
H
L
H
L
H
X
L
H
L
H
L
H
L
H
X
L
H
L
H
L
H
L
H
X

(Part 1 of 4) (Notes: 1)

Command

All

X
BS

BS | Row Address

BS
BS

X
BS

BS 'Row Address

BS
BS

X
BS

BS 'Row Address

BS
BS

A10 - AO
OP Code
X
X

Column

Column

OP Code
X
X

Column

Column

OP Code
X
X

Column

Column

Description
Mode Register Set
Auto or Self Refresh
Precharge
Bank Activate
Write w/o Precharge
Read w/o Precharge
Burst Termination
No Operation
Device Deselect
Mode Register Set
Auto or Self Refresh
Precharge
Bank Activate
Write
Read
Burst Termination
No Operation
Device Deselect
Mode Register Set
Auto or Self Refresh
Precharge
Bank Activate
Write
Read
Burst Termination
No Operation

Device Deselect

Action

Set the Mode Register

Start Auto or Self Refresh

No Operation

Activate the specified bank and row
ILLEGAL

ILLEGAL

No Operation

No Operation

No Operation or Power Down

ILLEGAL

ILLEGAL

Precharge

ILLEGAL

Start Write; Determine if Auto Precharge
Start Read; Determine if Auto Precharge
No Operation

No Operation

No Operation

ILLEGAL

ILLEGAL

Terminate Burst; Start the Precharge
ILLEGAL

Terminate Burst; Start the Write cycle
Terminate Burst; Start a new Read cycle
Terminate the Burst

Continue the Burst

Continue the Burst

7,8
7,8

8,9
8,9

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. Both 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.

© o~ U

. If CKE is inactive (low) than the Power Down mode is entered, otherwise there is a No Operation.
The minimum and maximum Active time (tgras) must be satisfied.

The RAS to CAS Delay (trcp) must occur 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.

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

Command
Current State -~ —— 7 —— 17— 7 —— Action Notes
CS |RAS CAS WE All A10 - AO Description
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge Terminate Burst; Start the Precharge
L L H H | BS Row Address Bank Activate ILLEGAL 4
Write L H L L | BS Column Write Terminate Burst; Start a new Write cycle 8,9
L H L H  BS Column Read Terminate Burst; Start the Read cycle 8,9
L H H L X Burst Termination Terminate the Burst
L H H H X No Operation Continue the Burst
H X X X X Device Deselect Continue the Burst
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh |ILLEGAL
L L H L | BS X Precharge ILLEGAL 4
L L H H | BS Row Address Bank Activate ILLEGAL
ReadwithAuto | | ' ' | | 'Bg  column Write ILLEGAL
Precharge
L H L H | BS Column Read ILLEGAL
L H H L X X Burst Termination ILLEGAL
L H H H X No Operation Continue the Burst
H X X X X X Device Deselect Continue the Burst
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge ILLEGAL
L L H H | BS Row Address Bank Activate ILLEGAL 4
Writewith Auto |y | | | B Column  Write ILLEGAL
Precharge
L H L H | BS Column Read ILLEGAL
L H H L X X Burst Termination ILLEGAL
L H H H X X No Operation Continue the Burst
H X X X X X Device 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. Both 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) than the Power Down mode is entered, otherwise there is a No Operation.
6. The minimum and maximum Active time (tgras) must be satisfied.
7. The RAS to CAS Delay (trcp) 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 satisfy any bus contention, bus turn around, and/or write recovery requirements.
10. The command is illegal if the minimum bank to bank delay time (trrp) is not satisfied.
07H3997 ©IBM Corporation. All rights reserved.
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Current State Truth Table (Part 3 of 4) (Notes: 1)

Command
Current State ~—— 71— 17— 7 —— Action Notes
CS |RAS CAS WE All A10 - AO Description
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh |ILLEGAL
L L H L | BS X Precharge No Operation; Bank(s) idle after tgp
L L H H | BS |Row Address | Bank Activate ILLEGAL 4
Precharging L H L L | BS Column  |Write ILLEGAL 4
L H L H | BS Column Read ILLEGAL 4
L H H L X X Burst Termination No Operation; Bank(s) idle after trp
L H H H X X No Operation No Operation; Bank(s) idle after trp
H X X X X X Device Deselect No Operation; Bank(s) idle after trp
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh |ILLEGAL
L L H L | BS X Precharge ILLEGAL 4
L L H H | BS Row Address Bank Activate ILLEGAL 4,10
RowActivating L~ H L L BS  Column  Write ILLEGAL 4
L H L H | BS Column Read ILLEGAL 4
L H H L X X Burst Termination No Operation; Row Active after trcp
L H H H X X No Operation No Operation; Row Active after trcp
H X X X X X Device Deselect No Operation; Row Active after trcp
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge ILLEGAL 4
L L H H | BS Row Address Bank Activate ILLEGAL 4
Re(\:/g(/igiing L H L L | BS Column Write Start Write; Determine if Auto Precharge 9
L H L H | BS Column Read Start Read; Determine if Auto Precharge 9
L H H L X X Burst Termination No Operation; Row Active after tpp_
L H H H X X No Operation No Operation; Row Active after tpp_
H X X X X X Device Deselect No Operation; Row Active after tpp.

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. Both 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.

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

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

The RAS to CAS Delay (trcp) must occur 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.

10. The command is illegal if the minimum bank to bank delay time (trrp) is not satisfied.

© o~ U

©IBM Corporation. All rights reserved. 07H3997
Use is further subject to the provisions at the end of this document. SA14-4711-06

5/97
Page 32 of 104



IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Current State Truth Table (Part 4 of 4) (Notes: 1)

Command
Current State -~ —— 7 —— 17— 7 —— Action Notes
CS |RAS CAS WE All A10 - AO Description
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge ILLEGAL
Write L L H H | BS |Row Address | Bank Activate ILLEGAL 4

Repovering L H L L BS Column Write ILLEGAL 4,9

with Auto

Precharge L H L H  BS Column |Read ILLEGAL 4,9
L H H L X Burst Termination No Operation; Precharge after tpp_
L H H H X No Operation No Operation; Precharge after tpp_
H X X X X Device Deselect No Operation; Precharge after tpp_
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge ILLEGAL
L L H H | BS Row Address Bank Activate ILLEGAL

Refreshing L H L L | BS Column | Write ILLEGAL
L H L H  BS Column Read ILLEGAL
L H H L X Burst Termination No Operation; Idle after tgc
L H H H X No Operation No Operation; Idle after tgc
H X X X X Device Deselect No Operation; Idle after tgc
L L L L OP Code Mode Register Set | ILLEGAL
L L L H X X Auto or Self Refresh | ILLEGAL
L L H L | BS X Precharge ILLEGAL
L L H H | BS |Row Address | Bank Activate ILLEGAL

ModeRegister | ' | L Bs Column Wit ILLEGAL

Accessing
L H L H | BS Column Read ILLEGAL
L H H L X X Burst Termination ILLEGAL
L H H H X X No Operation No Operation; Idle after two clock cycles
H X X X X X Device Deselect No Operation; Idle 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. Both 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) than the Power Down mode is entered, otherwise there is a No Operation.
6. The minimum and maximum Active time (tgras) must be satisfied.
7. The RAS to CAS Delay (trcp) 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 satisfy any bus contention, bus turn around, and/or write recovery requirements.
10. The command is illegal if the minimum bank to bank delay time (trrp) is not satisfied.
07H3997 ©IBM Corporation. All rights reserved.
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Absolute Maximum Ratings

Symbol Parameter Rating Units Notes
VDD Power Supply Voltage -1.0to +4.6 \% 1
vVDDQ Power Supply Voltage for Output -1.0to +4.6 \% 1
Vin Input Voltage -1.0to +4.6 \% 1
Vour Output Voltage -1.0to +4.6 \% 1
Ta Operating Temperature (ambient) 0to +70 °C 1
Tsre Storage Temperature -55 to +125 °C 1
Pp Power Dissipation 1.0 w 1
lout Short Circuit Output Current 50 mA 1

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 other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reli-
ability.

Recommended DC Operating Conditions  (Ta= 0to 70°C)

Rating
Symbol Parameter Units Notes
Min. Typ. Max.
VDD Supply Voltage 3.0 3.3 3.6 \Y 1
VDDQ Supply Voltage for Output 3.0 3.3 3.6 \% 1
ViH Input High Voltage 2.0 — VDD + 0.3 Y 1
Vi Input Low Voltage -0.3 — 0.8 \Y 1
1. All voltages referenced to Vsg and VSSQ.
Capacitance (Tp=25°C, f=IMHz, Vpp= 3.3V £ 0.3V)
Symbol Parameter Min. Typ Max. Units Notes
Ci Input Capacitance (AO - A11) 2.0 2.7 4.0 pF
Ci Input Capacitance (RAS, CAS, WE, CS, CLK, CKE, DQM) 2.0 2.7 4.0 pF
Co Output Capacitance (DQO - DQ15) 2.0 4.0 5.0 pF

33V
1200Q
VOH (DC) = 2.4V, IoH = -2mA
ouput O @ unnnnn- » JOH (bC) OH
VoL (DC) = 0.4V, gL = 2mA
870Q 50pF

DC Output Load Circuit

©IBM Corporation. All rights reserved. 07H3997
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Output Characteristics

(Ta= 00 +70°C, Vpp= 3.3V % 0.3V)

Symbol Parameter

| Input Leakage Current, any input

I (0.0V < Vj\ < 3.6V), All Other Pins Not Under Test = 0V
| Output Leakage Current

o) (Dour is disabled, 0.0V < Vgur < 3.6V)
v Output Level (TTL)

OH Output “H” Level Voltage (loyt = -2.0mA)

Output Level (TTL

Vo p (TTL)

1. See DC output load circuit.

Standby and Refresh Currents

Parameter

Precharge Standby Current in
Power Down Mode

Precharge Standby Current in
Non-Power Down Mode

Active Standby Current in Power
Down Mode

Active Standby Current in Non-
Power Down Mode

Auto (CBR) Refresh Current

Self Refresh Current

. VIu=Vpp-0.2v.

A WDNBE

07H3997
SA14-4711-06
5/97

Symbol

lccaP

lcciN

lccaNS

lccaP

|cc2PS

lccaN

ICC3

ICC4

Output “L” Level Voltage (Ioyt = +2.0mA)

(Ta= 0o +70°C, Vpp= 3.3V £ 0.3V)

Test Condition

CKE < V|L(max), tck = 15ns
CKE < V||_(m3.X)Y tck = |nf|n|ty
CKE = ViH, tck = 15ns
Input Change every 30ns
CKE 2 V|H(min), tek = |nf|n|ty
No Input Change
CKE < V| (max), tck = 15ns
CKE < V||_(maX), tck = |nf|n|ty
CKE =V, tck = 15ns
Input Change every 30ns

CKE 2 V|H(min), tek = |nf|n|ty
No Input Change

CAS Latency =1 -10
tre 2 tRc(mln) .12
CAS Latency = 2 -10
tre = tre(mMin) 12
CAS Latency = 3 -10

tre = tre(mMin)

-12

CKE=<0.2V

X4

35

15

35

20

85
75
105
90
125

110

2.4

0.0

IBM0316169C IBM0316409C
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Organization

X8
3
2

35

15

35

20

85
75
105
90
125

110

. The specified values are valid when addresses are changed no more than once during tck(min).
. The specified values are valid when No Operation commands are registered on every rising clock edge during tgc(min).
. The specified values are valid when data inputs (DQs) are stable during tgc(min).

Max. Units Notes
+1 HA
+1 HA
VDDQ \% 1
0.4 Vv 1
Units Notes
X16
3 mA
2 mA
35 mA 1
15 mA
3 mA
2 mA
35 mA 1
20 mA
85
mA
75
105 A
m 2,3,4
90
125
mA
110
2 mA

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

CAS Organization
Symbol Parameter Test Condition Le(li:r?cy tre(Min) Sgg:}td 4 g & NP Units | Notes
cL=1 90 ns -10 95 95 95 A
= m
108 ns -12 80 80 85
i tre = tre(min) 75 -10 125 125 130
Operating Current . ns
| _ tck 2 tek(min) CL=2 mA 1,2
ces BurstLength=1 | "\ " QA 9ns = -12 110 110 115
Cl=3 80 ns -10 140 140 145 A
= m
96 ns -12 120 120 125
cL=1 120 ns -10 75 75 80 A
= m
144 ns -12 65 65 70
i tre = tre(min) 90 -10 115 115 120
Operating Current : ns
| _ tek = tek(min) CL=2 mA 1,2,3
cee Burst Length = 2 o= OmA 108ns | -12 100 100 105
90 ns -10 140 140 145
CL=3 mA
108 ns -12 120 120 125
180 ns -10 65 65 70
CL=1 mA
216 ns -12 55 55 60
| Operating Current | RS thC(m_'n) ~ 120ns | -10 100 105 110
cc7 Burst Length = 4 tck 2 tek(min) CL=2 4an 1o 85 % 95 mA | 1,2,3
lo = 0mA S
110 ns -10 130 135 140
CL=3 mA
132 ns -12 115 120 125
300 ns -10 55 60 65
CL=1 mA
360 ns -12 45 50 55
i tre = tre(min) 180 -10 90 95 105
Operating Current . ns
| _ tek 2 tek(min) CL=2 mA | 1,23
ces Burst Length = 8 ‘o= OmA 216ns | -12 80 85 95
cL=3 150 ns -10 125 130 140 A
= m
180 ns -12 105 110 120
tre = ®
toye30 ns -10 40 45 55
CL=1 ¢ mA
RC = 00
o 123 40 45
, i Re=® | g 70 75 90
Operating Current trc = Infinity tck=15 ns
lcco Burst Length = Full tek = tek(min) CL=2 mA | 1,2,3
Page lo = OmA Re= | 45 60 65 80
tCK=18 ns
tRe=® 1 g0 100 105 135
tck=10ns
CL=3 mA
Re=2 | 45 85 95 120
tck=12 ns .

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

. The specified values are valid when addresses and DQs are changed no more than once during tcx(min).

3. The specified values are obtained when the programmed burst length is executed to completion without interruption by a subse-
quent burst Read or Write cycle.

N
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Operating Currents (Ta=0to +70°C, Vpp= 3.3V £ 0.3V)

” CAS ) Speed Organization )
Symbol Parameter Test Condition Latency tre(min) Sort 4 8 16 Units | Notes
tre = ®
toye30 ns -10 85 85 90
CL=1 ¢ mA
. RC=® 1 12 80 80 85
Operating Current tek=36ns
1-N Rule e = o
_ tre = Infinity isns | 10 130 130 140
| (Continuous tek = tox(min) | CL=2 A 1,2
cc1o Read/Write cycles cK ‘_CK( in) - tor = 00 m '
with new column lo =0mA t Rczls w12 115 115 120
address registered cK
each clock cycle) tre =
teke10ns -10 175 175 190
CL=3 mA
tRe=® gy 150 150 165
tck=12 ns

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

. The specified values are valid when addresses and DQs are changed no more than once during tck(min).

3. The specified values are obtained when the programmed burst length is executed to completion without interruption by a subse-
guent burst Read or Write cycle.

N
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AC Characteristics (Ta=0to +70°C, Vpp= 3.3V # 0.3V)

1. Aninitial pause of 100us is required after power-up, then a Precharge All Banks command must be given followed by a minimum of
two Auto (CBR) Refresh cycles before the Mode Register Set operation can begin.
2. AC timing tests have V|_= 0.8V and V|4 = 2.0V with the timing referenced to the 1.40V crossover point.

tr

tSETUP t
e—TtHoL

Input 1.4v

| — ton

tac

2.0v
1.4v

Clock 4
/ 0.8v

— tLZ

Output 1.4v

3. The Transition time is measured between V4 and V,,_ (or between V,_and V).

N

. AC measurements assume ty=1ns.

O Vit=1.4V

AC Output Load Circuit

50pF

&

5. In addition to meeting the transition rate specification, the clock and CKE must transit between V| and V,_ (or between V,_and V)

in a monotonic manner.

Clock and Clock Enable Parameters

Symbol Parameter
Min.
tcks | Clock Cycle Time, CAS Latency = 3 10
tckz | Clock Cycle Time, CAS Latency = 2 15
tcki | Clock Cycle Time, CAS Latency = 1 30
tacs Clock Access Time, CAS Latency = 3 —
tacz Clock Access Time, CAS Latency = 2 —
tact Clock Access Time, CAS Latency = 1 —
tekn Clock High Pulse Width 3.5
tekL Clock Low Pulse Width 3.5
tces Clock Enable Set-up Time 3
tcen Clock Enable Hold Time 1
tcesp | CKE Set-up Time (Power down mode) 3
tr Transition Time (Rise and Fall) 1

1. Access time is measured at 1.4V. See AC output load circuit.

-10
Max.
100MHz
66MHz
33MHz
8
9
27

30

-12

Min.

12
18
36

P lw Pk w | N A

Max.
83MHz
56MHz
28MHz

10
27

30

Units Notes

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

1,2
1,2
1,2

2. Access time is measured assuming a clock rise time of 1ns. If clock rise time is longer than 1ns, then (trise/2-0.5)ns should be

added to the parameter.

3. Assumes clock rise and fall times are equal to 1ns. If rise or fall time exceeds 1ns, then other AC parameters under consideration

should be compensated by an additional [(trise+tfall)/2-1]ns.

©IBM Corporation. All rights reserved.
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Common Parameters

Symbol

tcs
ten
tas
tan
trep
tre
tras
trp
trrD

tcep

Parameter

Command Setup Time

Command Hold Time

Address and Bank Select Set-up Time
Address and Bank Select Hold Time
RAS to CAS Delay

Bank Cycle Time

Active Command Period

Precharge Time

Bank to Bank Delay Time

CAS to CAS Delay Time (Same Bank)

Refresh Cycle

Symbol

tsrEX

trRer

Parameter

Self Refresh Exit Time

Refresh Period

1. 4096 cycles.
2. Any time that the Refresh Period has been exceeded, a minimum of two Auto (CBR) Refresh commands must be given to “wake-

up” the device. During this period, CKE is held high.

Min.

30
75
45
30
20

-10

Max.

120000
120000

-10

Min. Max.

2CLK+t
RC

Min.

30
96
60
30
24

IBM0316169C IBM0316409C

IBM0316809C

16Mb Synchronous DRAM

-12

Min.

Max.

120000
120000

-12

Max.

2CLK+t

RC

64

Units

ns
ns
ns
ns
ns
ns
ns
ns
ns

CL

K

Notes

Units Notes

ns

ms

3

1,2,4

3. Self Refresh Exit is a synchronous operation and begins on the 2nd positive clock edge after CKE returns high. Self Refresh Exit
is not complete until a time period equal to tRC is satisfied once the Self Refresh Exit command is registered. During this period,
CKE is held high.

4. When refreshing row addresses in a CBR-Burst manner, a full set of row refreshes must be performed immediately before entry to
and immediately after exit from Self Refresh.

Read Cycle
Symbol Parameter
ton Data Out Hold Time
tz Data Out to Low Impedance Time
thza Data Out to High Impedance Time, CL= 3
thzo Data Out to High Impedance Time, CL= 2
thz1 Data Out to High Impedance Time, CL=1
tpoz DQM Data Out Disable Latency

-10
Min. Max.
3 —
3 —
3 8
3 8
3 15
2 —

Min.

N W W W W W

-12

Max.

10
18

Units Notes
ns
ns
ns 1
ns 1
ns 1
CLK

1. Referenced to the time at which the output achieves the open circuit condition, not to output voltage levels.

07H3997
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Write Cycle
-10 -12
Symbol Parameter Units Notes
Min. Max. Min. Max.
tbs Data In Set-up Time 3 — 3 — ns
ton Data In Hold Time 1 — 1 — ns
topL Data input to Precharge 13 — 13 — ns
toow  DQM Write Mask Latency 0 — 0 — CLK
Clock Frequency and Latency
Speed Sort
Symbol Parameter Units Notes
-10 -12
fCK Clock Frequency 100 66 33 83 56 28 MHz
tek Clock Cycle Time 10 15 30 12 18 36 ns
taa | CAS Latency 3 2 1 3 2 1 CLK
teo | RAS to CAS Delay 3 2 1 3 2 1 CLK
trL RAS Latency 6 4 2 6 4 2 CLK
tre Bank Cycle Time 8 5 3 8 5 3 CLK
tras Minimum Bank Active Time 5 3 2 5 3 2 CLK
trp Precharge Time 3 2 1 3 2 1 CLK
topL Data In to Precharge 2 1 1 2 1 1 CLK
toaL Data In to Active/Refresh 5 3 2 5 3 2 CLK
trrD Bank to Bank Delay Time 2 2 1 2 2 1 CLK
tcco | CAS to CAS Delay Time 1 1 1 1 1 1 CLK
twi Write Latency 0 0 0 0 0 0 CLK
toow DQM Write Mask Latency 0 0 0 0 0 0 CLK
tooz DQM Data Disable Latency 2 2 2 2 2 2 CLK
tesL Clock Suspend Latency 1 1 1 1 1 1 CLK
©IBM Corporation. All rights reserved. 07H3997
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Timing Diagrams

AC Parameters for Write Timing......cccccceeeeeeviiiiciiineeeneeeenn.
AC Parameters for Read Timing .......cccccccevviiiiiiiiiieennenenn.

Mode Register Set..........oooeiiiiiiiiiee
Power on Sequence and Auto Refresh (CBR) ..................

Clock Suspension During a Burst Read (Using CKE)

CAS Latency = 1.,
CAS LatenCy = 2....coovvviiiiiiiiiiiiiee e
CAS Latency = 3.

Clock Suspension During a Burst Write (Using CKE)

CAS LatenCy = L..ccoovoeeeeeeeereeeeereeeenne
CAS LAteNCY = 2...cveieeeeeeeeeeeeeee e,
CAS LatenCy = 3...ccvcveeeecereeereeeeee e,
Power Down Mode and Clock Suspend...........ccccooevveeenne
Auto Refresh (CBR)....ccooiiiiiiiiiiiiieeee e
Self Refresh (Entry and EXit) ..........uveviiiiiiiiiiiiiiiiieeeeeeeeee,

Random Column Read (Page within same Bank)

CAS LatenCy = 1....cccccvrveeeeeieeeeeeieneeee
CAS LatenCy = 2....ccooeeiiiiiiiiiiiiiiiiieieeiiis
CAS Latency = 3....cooviiiiiiiieiiiie e

Random Column Write (Page within same Bank)

CAS LatenCy = 1....cccccvrveeeeeieeeeeeieneeee
CAS LatenCy = 2....ccooeeiiiiiiiiiiiiiiiiieieeiiis
CAS Latency = 3.

Random Row Read (Interleaving Banks)

CAS LatenCy = 1....cccccvrveeeeeieeeeeeieneeee
CAS LatenCy = 2....ccooeeiiiiiiiiiiiiiiiiieieeiiis
CAS Latency = 3.

Random Row Write (Interleaving Banks)

CAS LatenCy = 1....cccccvrveeeeeieeeeeeieneeee
CAS LatenCy = 2....ccooeeiiiiiiiiiiiiiiiieieeeiiis
CAS Latency = 3.

Read And Write Cycle

CAS LatenCy = 1....cccccvrveeeeeieeeeeeieneeee
CAS LatenCy = 2....ccooeeiiiiiiiiiiiiiiiiieieeiiis
CAS Latency = 3.
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Timing Diagrams Page
Interleaved Column Read Cycle

CAS LAENCY = L o.eevieeeeeieeeeteee et ee e te ettt e ettt as s et se et senes et saees et etensesetensseseennaeanns 71

CAS LALENCY = 2 ..ottt ettt ettt e et et et e st et e e et e et et e et e se e s sen s eee e 72

CAS LALENCY = 3 .ottt ettt et e st et e et et et et e st et ees e e s e te et ete st e saasesee e eteeeens 73
Interleaved Column Write Cycle

CAS LAENCY = L o.eevieeeeeieeeeteee et ee e te ettt e ettt as s et se et senes et saees et etensesetensseseennaeanns 74

CAS LALENCY = 2 .ottt ettt ettt e ettt e st et e e et e et et et e seeeese e e eae e 75

CAS LALENCY = 3 .ottt e ettt et s et e e et et et e e e st et eee e e s e te et et e et e saasesee e eseeeens 76
Auto Precharge after a Read Burst

CAS LAENCY = L o.eevieeeeeieeeeteee et ee e te ettt e ettt as s et se et senes et saees et etensesetensseseennaeanns 77

CAS LALENCY = 2 .ottt ettt ettt e ettt e st et e e et e et et et e seeeese e e eae e 78

CAS LALENCY = 3 .ottt ettt et e st et e e e ee et et et e st et eeeeae e e te et ete et e saaeesee e eteaeens 79
Auto Precharge after a Write Burst

CAS LALENCY = L ..ottt ettt s e n ettt ea s s s s s s 80

CAS LALENCY = 2 .ottt ettt ettt e ettt e st et e e et e et et et e seeeese e e eae e 81

CAS LALENCY = 3 .ottt ettt ettt e et et e et et et et e st et e ee e e s st et ete st e saaeesee e eeeeeens 82
Full Page Read Cycle

CAS LALENCY = L.ttt s ettt s e s ettt ettt es e s s s s s 83

CAS LALENCY = 2 .ottt ettt ettt e ettt e st et e e et e et et et e seeeese e e eae e 84

CAS LALENCY = 3 .ottt ettt ettt e et et e et et et et e st et e ee e e s st et ete st e saaeesee e eeeeeens 85
Full Page Write Cycle

CAS LALENCY = L.ttt s ettt s e sttt en s s s s s 86

CAS LALENCY = 2 .ottt ettt ettt e ettt e st et e e et e et et et e seeeese e e eae e 87

CAS LALENCY = 3 .ottt e ettt st et e e et et et et e st et eeeeae e et et eteetesaasesee e ereeeens 88
Y R Y (S @] o 1T =1 1o o IO PR PP PRPRO 89
Burst Read and Single WIte OPEIatioN..........cooi ittt e et e e e e e e e e e s e neeeeeeeeas 90
Full Page Burst Read and Single Write OPeration...........cccuiiiiriiiiiiiiiiieiie e 91
Random Row Read (Interleaving BaNKS).........ccciiiiiiiiiiiiiiie et a e e e e s s s srvaae e n e e e e e e e e e s nnnrenneees 92
Full Page Random COlIUMN REAM ..........uuiiiiiiiiiiie ettt s et e e e e e aens 93
Full Page Random COlUMN WEITE ........uieiiiiiiaeeee ittt e e e e e e e s st e e e e e e e e e e e e e e annneeeneeeas 94
Precharge Termination of a Burst

CAS LALENCY = Lottt s ettt et e et et e e e st et e ee e e s et et e s e st e saeeeseeeeereaeens 95

CAS LALENCY = 2 ..ottt ettt e et s e s et eae e et sae et e sess et esesseseseaseseseenesans 96

CAS LALENCY = 3 ..evieeeetieeeetee et ee e te e es s et ee et e et s e e s eaese et s eaes et s aes e et etensesateesseeeensananas 97
CS Function (Only CS signal needs to be asserted at MiniMum rate)..............c.ceoveeeveeeeeeesseeeseeenenns 98

©IBM Corporation. All rights reserved. 07H3997
Use is further subject to the provisions at the end of this document. SA14—4711—09

5/9
Page 42 of 104



¥0T Jo £t abed

L6/

90-TTLYV-VTVS

“JUBWINJOP SIY1 JO pua ay) Je suoisinoid ayl 01 19algns Jayuny si asn

‘panlasal sybu ||y ‘uonelodiod NGIG

LB6EH.LO

AC Parameters for Write Timing

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

tekn

Burst Length = 4, CAS Latency = 2

|T18 |T19 | T20 |T21 |T22 |

UL

| TO T1 | T2 | T3 T4 T5 | T6 | T7 T8 T9 | T10 | T11 | T12 | T13 |T14 |T15 T16 | T17
«leke teka,
—>| «les Begin Auto Precharge Begin Auto Precharge
tces L tC‘H ' Bank A v Bank B teen

L
RAX

B
n

RBx RAy RAz RBy
RAX I CAX || CBx RAy RAy RAZz RBy
«—treo—> t ‘
oAt fos I topL
« trp tRRD—>
. Ar A
Activate Write with Activate Write with Activate Write Precharge Activate Activate
Command Auto Precharge Command Auto Precharge Command Command Command Command Command
Bank A Command Bank B Command Bank A Bank A Bank A Bank A Bank B
Bank A Bank B
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AC Parameters for Read Timing Burst Length = 2, CAS Latency = 2 222
528
TO T1 | T2 | T3 T4 T5 | T6 | T7 T8 T9 | T10 | Ti1 T12 T13 § g g
o oo
T 00
CLK g 00
e m
tokn|toxL teke ‘ G =
« > _ o
— ®
CKE «fcs Begin Auto ] i
Precharge teen > g
. CES — tcH y Bank B | < 8
— O
s _\_ / \_/ \_/ \_/ \
RAS
CAS
WE
Al11(BS)
A10 RAy
AO - A9 RBx RAyY
DQM tre ‘
< trp >
thz thr
<—>
e AxL — — BXO Bxl } — — — — — — [l
4 4 nn
r r r r ]
Activate Read Activate Read with Precharge Activate
Command Command Command Auto Precharge Command Command ln |I|
Bank A Bank A Bank B Command Bank A Bank A -l
Bank B ]
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Mode Register Set CAS Latency =2 Il:":li
TO T1 |T2 |T3 T4 T5 |T6 |T7 T8 T9 |T10 |T11 T12 | T13 |T14 |T15 T16 | T17 |T18 |T19 T20 | T21 |T22 | I!:!|;!I
e aipipinipigininigiginigigiginipigininigininip AL
T ferz,
CKE ' 2 Clock min.
cs oS\
RAS
- #---------------
CAS
NN
WE
#---------------
A11(BS) '
A10 '|
#---------------
|
AO - A9
DQM l 5 2
t : 2
iz i e 2
QR AT 9T ~T7-r T r-T7T-F1-1t-1-t--- |3 2
tooo FT.
Precharge Mode Register Any 8 ==
Command Set Command Command 7 8 8
All Banks Ok =
88
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Power on Sequence and Auto Refresh (CBR)

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

T0

-

1

JULTULL

T1 T2 | T3 T4 T5

| T6 | T7 T8 T9

L

|T10 |T11 T12 | T13 |T14 |T15

NERREREENEN

T16 | T17 |T18 |T19

ENREEN

T20 | T21

|T22 |

i

J)

Il

saVanyy

High‘level
is required

’
J)

Minimum of 2 Refresh

Cycles are required

2 Clock min.

‘
JJ

\/

oY

)

_ﬁl__________

f t

Precharge 1st Auto Refresh
Command Command
All Banks

Inputs must be
stable for 100pus

2nd Auto Refresh

Command

Ar A
Mode Register Any
Set Command Command
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Clock Suspension During Burst Read (Using CKE) (1 of 3) Burst Length = 4, CAS Latency =1 [fn]|
1L
TO T1 | T2 |T3 T4 T5 |T6 |T7 T8 T9 |T10 |T11 T12 | T13 |T14 |T15 Ti6 | T17 |T18 |T19 T20 | T21 |T22 | !!:!liu
ewo [UUDUUUUUUOUUUULUUUULULL il
T ok,
cke [ ARV /
= \
RAS
- -l
CAS
NN .
WE
-l
A11(BS)
A10
AO - A9
DQM l 5 2
‘ thz — %— §
Hi-Z Q @
DQ - — — — — — — Axl Ax2 AX3 —_ e = == 1 = = == - R
\ \ \ \ \ \ \ =) (@]
4 SED
Command Clock Suspend Clock Suspend g % %
Bank A oi Cylc‘ﬁepe” C'°§k§‘éﬁe”se”d 3Cycleps ;UU 8 g
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Clock Suspension During Burst Read (Using CKE) (2 of 3)

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

TO Tl

teke

L L L

|T2 |T3

T4

L LU

T5 |T6 |T7

L

\J/

\

T8

L L
-

L
-

T9 |T10 | T11

UL

T12

T13 |T14 |T15

UL

Burst Length = 4, CAS Latency = 2

T16 | T17 | T18

UL

| T19

L

T20

L

T21

|T22 |

i

\/

RAX
RAX
Hi-Z
—————————-— Axl >< Ax2 >< Ax3 B S RN S
' ' \ \ \ \ \ \ \
Activate Read
Command Command
Clock Suspend  Clock Suspend Clock Suspend
Bank A Bank A 1 Cycle 2 Cycles 3 Cycles
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Clock Suspension During Burst Read (Using CKE) (3 of 3)

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

Tl |T2 |T3

L LU

T4 T5 |T6 |T7

L

T9 |T10 |T11 T13 |T14 |T15

UL

Burst Length = 4, CAS Latency = 3

UL

Command
Bank A

thz —

Clock Suspend
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Clock Suspension During Burst Write (Using CKE) (1 of 3)

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

Burst Length = 4, CAS Latency = 1

TO T1 |T2 |T3 T4 T5 |T6 |T7 T8 T9 |T10 |T11 T12 | T13 |T14 |T15 T16 | T17 |T18 |T19 T20 | T21 |T22 |

gy iy e

teka

oA /

RAX

RAx X} CAX

v
A\
A\

Activate — Clock Suspend  Clock Suspend Clock Suspend
Command 1 Cycle 2 Cycles 3 Cycles
Bank A
Write
Command
Bank A

060779TE0NGI

INVYHQ SnouolyouAks qiN9T
D6089TE0NGl D69TITEONEI



¥0T Jo TG abed

L6/

90-TTLYV-VTVS

“JUBWINJOP SIY1 JO pua ay) Je suoisinoid ayl 01 19algns Jayuny si asn

‘panlasal sybu ||y ‘uonelodiod NGIG

LB6EH.LO

Clock Suspension During Burst Write (Using CKE) (2 of 3)
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Clock Suspension During Burst Write (Using CKE) (3 of 3)
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Power Down Mode and Clock Suspend
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Auto Refresh (CBR)

Burst Length = 4, CAS Latency = 2
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Self Refresh (Entry and Exit) ***Note: The CLK signal must be reestablished prior to CKE returning high. ’ (]l
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Random Column Read (Page within same Bank) (1 of 3) Burst Length = 4, CAS Latency =1 | 2 g %
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Random Column Read (Page within same Bank) (2 of 3) Burst Length = 4, CAS Latency = 2 [fn]|
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Random Column Read (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3 222
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Random Column Write (Page within same Bank) (1 of 3) Burst Length = 4, CAS Latency = 1 [fn]|
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Random Column Write (Page within same Bank) (2 of 3)
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Random Column Write (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3 [Jni]]
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Random Row Read (Interleaving Banks) (1 of 3)

Burst Length = 8, CAS Latency = 1
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Random Row Read (Interleaving Banks) (2 of 3)

Burst Length = 8, CAS Latency = 2
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Random Row Read (Interleaving Banks) (3 of 3) Burst Length = 8, CAS Latency = 3 222
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Random Row Write (Interleaving Banks) (1 of 3)
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Random Row Write (Interleaving Banks) (2 of 3)
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Random Row Write (Interleaving Banks) (3 of 3) Burst Length = 8, CAS Latency = 3 [Jni]]
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Read and Write Cycle (1 of 3)
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Read and Write Cycle (2 of 3)

Burst Length = 4, CAS Latency = 2
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Read and Write Cycle (3 of 3)
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Interleaved Column Read Cycle (1 of 3)

Burst Length = 4, CAS Latency = 1
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Interleaved Column Read Cycle (2 of 3)
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Interleaved Column Read Cycle (3 of 3)
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l treo tacs ‘
Hi-Z
: t t t i t t t
Activate Read Read Read Read Read Precharge Precharge
Command Command Command  Command  Command  Command  Command Command
Bank A Bank A Bank B Bank B Bank B Bank A Bank B Bank A
Activate
Command
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Interleaved Column Write Cycle (1 of 3)

Burst Length = 4, CAS Latency = 1

TO T1 | T2 |T3 T4 T5 |T6 |T7 T9 |T10 |T11 T13 |T14 |T15 T18 |T19 T20
ewo [ U UUUUL Huuuuuuuuy L
‘ feoka |
CKE
Ccs
RAS
CAS
WE
Al11(BS)
Al0
AO - A9
DOM
0
’ bt t
Activate Activate Write Precharge
Command Command
Bank A Bank B ngrw(aé] d ngrT(aé]d
Write Precharge
Command Command
Bank A Bank A
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Interleaved Column Write Cycle (2 of 3)

CLK

CKE

RAS

A11(BS)

Al10

AO - A9

DQM

DQ

T0 Tl |T2 |T3

(R

RN ANRE N

T4 T5 |T6 |T7

T8 T9 |T10 |T11 T12 | T13 |T14 |T15 T16

Burst Length = 4, CAS Latency = 2

T17 |T18 |T19 T20 | T21 |T22 |

Uy e

\J/

trp

Activate Write
Command Command
Bank A Bank A

Activate
Command
Bank B

Write
Command
Bank B

Write Write Write Write
Command  Command  Command  Command
Bank B Bank B Bank A Bank B
Precharge
Command
Bank A

Precharge
Command
Bank B
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Interleaved Column Write Cycle (3 of 3)

CLK

CKE

RAS

CAS

A11(BS)

Al10

AO - A9

DQM

DQ

UL

feks,

T0 Tl |T2 |T3 T4 T5 |T6 |T7

L LU

T9 |T10 | T11

UL

T13 |T14 |T15

UL

Burst Length = 4, CAS Latency = 3

T17 |T18 |T19 T20 | T21 |T22 |

UL

\J/

RAX

RAX

trp topL

Activate
Command
Bank A

Activate
Command
Bank B

Write

Command

Bank A

Precharge
Command
Bank B

Precharge
Command
Bank A
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Auto Precharge after Read Burst (1 of 3) Burst Length = 4, CAS Latency = 1 [Jni]]

TO T1 | T2 | T3 | T4 T5 | T6 | T7 | T8 | T9 | T10 | T11 | T12 | T13 |T14 |T15 | T16 | T17 |T18 |T19 | T20 | T21 |T22 | ln
<||I I
ewo UL UUUUOUUUULUUUUULL el
foxa, L L L L
CKE High Start Auto Precharge Start Auto Precharge Start Auto Precharge Start Auto Precharge
Bank B Bank A Bank B Bank B
v | | VY | | I || v [ | |
s N/ Y/ . L/ Y/
RAS lf f _\_ f
s I A\ va A\
w I
AL1(BS) l f
a0 B IR &
AO - A9 RAXX YCAXx @ CBx CAy @ CBy @ CBz
w
oov [ s 2
NN 1] ] NN NN s g
(=Y
Hi-Z 2 2
DQ == — — {0 j{wa fwa Yo (o fo ) ex ) wo X wa faz K v fe en ove o) — {emo fom fomz ez ) - | 3 5
s ;‘ 8
A — —
t 1 _ t t STm
Activate Activate Activate Read with Activate 8 =2
Command Command Auto Prechari Command o o
Command uto Precharge w
Bank A Bank B ] Bank B Command Bank B ol
Read with Read with Bank B Read with T oo
Read Auto Precharge Auto Precharge Auto Precharge > X B
Command Command Command Command < 8 8
Bank A Bank B Bank A Bank B OO0
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Auto Precharge after Read Burst (2 of 3) Burst Length = 4, CAS Latency = 2 222
o2 8
TO T1 | T2 | T3 T4 T5 |T6 |T7 | T8 | T9 |T10 |T11|T12 |T13 |T14 |T15 |T16 | T17 |T18 |T19 | T20 |T21 |T22 | § g g
o oo
585
ewo [UUUUUUUUUUUUUDUUUUUUULL |[2°3
— w
fore, || [ [ [ 5 g
_ | | | | | | | | | | | | o g
CKE High Start Auto Precharge Start Auto Precharge Start Auto Precharge Start Auto Precharge ;U g
Bank B Bank A Bank B Bank A :‘Z’ &
\ ‘ ‘ ‘ \ ‘ \ ‘ ‘ ‘ 2
N (@]
= \J \J U VoY Y Y\
= I
s [T
v
AL1(BS) l
A10 RAX RBx
AO - A9 RAX CAX || CBx
oom [\
N N N L N L A A
SR e G, G G ) €Y G € CO CY O €. C0 €0 Co.CO. € C GG
A t 0 1 il 1 * A t [l
Activate Read Activate Read with Read with Activate Read with Activate Read with
Command Command Command Auto Precharge Auto Precharge  command Auto Precharge Command Auto Precharge ll'"'"
Bank A Bank A Bank B Command Command Bank B Command Bank A Command na
Bank B Bank A Bank B Bank A ||" |"
<.||
il
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Auto Precharge after Read Burst (3 of 3)

Burst Length = 4, CAS Latency = 3

TO T1 | T2 | T3 | T4 T5 |T6 |T7 T8 T9 |T10 |T11 | T12 | T13 |T14 |T15 |T16 T17 |T18 |T19 | T20 | T21 |T22 |
ewo [UUUUUUUUOOUUUULUUUULULL
fors, L L L
CKE High Start Auto Precharge Start Auto Precharge Start Auto Precharge
Bank B Bank B
' I A N
cs \
RAS
CAS
WE
A11(BS)
Al0
AO - A9
DOM
bQ oz (w2 oo o Nz o2 ) — -
t . ) Activate '
. Activate Read with Read with
Activate Command
Bank A Bank B Read with Bank B
Read Auto Precharge
Command Command
Bank A Bank A
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Auto Precharge after Write Burst (1 of 3)

CLK

|
7

T1|T2|T3 T4 T5|T6 |T7

NEREREREANRERNES

T9 |T10 | T11

| T12

T13 |T14 |T15 |T16

ENREEN

T17 |T18 |T19 | T20 | T21

L

Burst Length = 4, CAS Latency = 1

i

CKE High

Start Auto Precharge

<

{, Bank A

T
Start Auto Pr
Bank B

RAS

CAS

P a9 pP
BEEAS

A11(BS)

AO - A9 RAXX YCAx

DQM l

1?63--

\J/

\

echarge

BEEAS

NN
o0 27 (o) o) ) o
t

Auto Precharge

f t
Activate Activate Write with
Command Command Auto Precharge
Bank A Bank B Command
} Bank B
Write
Command
Bank A

<
S
#g
5
] B
o

Write with
Auto Precharge
Command
Bank B

Activate
Command
Bank A

Write with

Auto Precharge

Command
Bank A
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Auto Precharge after Write Burst (2 of 3)

CLK

CKE

RAS

CAS

A11(BS)

AO - A9

DQM

DQ

T0

Tl |T2 |T3

L L L

(R

L LU

ENREEN

Burst Length = 4, CAS Latency = 2

T4 T5 | T6 | T7 T8 T9 |T10 | T11 | T12 | T13 |T14 |T15 | T16 | T17

LU LT

UL

|T18 |T19 | T20 |T21 |T22 |

High

Start Auto Precharge

Bank B

Start Auto Precharge
Bank A

Start Auto Precharge  Start Auto
Bank B Precharge
y ‘ ‘ Bank A

\J/

RBx

CAx @ CB

X

/ ‘ ‘  / ‘ ‘ \
S Y Y

CAz

Activate
Command
Bank A

T

Write
Command
Bank A

(oo e ) o) ) ) ) ) )

? Write with Write with " Write with ; Write with
C‘g‘r:m’f:r\‘;\aa:ﬁd Auto Precharge Auto Precharge Cﬁ%%ae{ﬁd Auto Precharge C%(rzrﬁ%aatﬁd Auto Precharge
Bank B Command Command Bank B Command Bank A Command

Bank B Bank A Bank B Bank A
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Auto Precharge after Write Burst (3 of 3)

TO Tl | T2 | T3 T4 T5

T12 |T13 |T14 |T15

Burst Length = 4, CAS Latency = 3

T16 | T17 |T18 |T19

T20 | T21

060779TE0NGI

INVYHQ SnouolyouAks qiN9T

e LU L LT JEREREREREREREREEEREREEE
‘ tcks
©. - I
CKE  High Start Auto Precharge Start Auto Precharge
Bank B Bank A
i \
B | | |
s\ L/ \/ \/
ws
s
we [ f
AL1(BS) l A/J
A10 RAX @
AO - A9 RAX CAX @
oo [
] ]
R RS
-T Activate T Writi with
C%%Ir\ﬁgﬁd Command Auto Precharge Auto Precharge Cﬁ%%aa{ﬁd Auto Precharge
Bank A Bank B Bank B Cgr;lrr]rllagd
Write
Command
Bank A
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Full Page Read Cycle (1 of 3)

Burst Length = Full Page, CAS Latency = 1

TO T1 | T2 |T3 T4 T5 |T6 |T7 T8 T9 |T10 |T11 T12 | T13 |T14 |T15 Ti6 | T17 |T18 |T19 T20 | T21 |T22 |
e« Uy yryyue
CK1_
CKE  MHigh /9[
= s
s\ / \/ \ /
Ras [
o I
w
AL1(BS) l
A10
AO - A9
DQM
DQ

T

Activate Activate
Command Command
Bank A Bank B

Read
Command
Bank A

The burst counter wraps
from the highest order
page address back to zero
during this time interval.

Precharge
Command
Full Page burst operation does not Bank B
terminate when the burst length is satisfied,; Activate

the burst counter increments and continues  Burst Stop Command

bursting beginning with the starting address. Command

Bank B

Page Length:
2Mb x 41/0 x 2 Banks = 1024
1Mb x 8I/O x 2 Banks = 512
512kb x 161/0 x 2 Banks = 256
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- - = =
Full Page Read Cycle (2 of 3) Burst Length = Full Page, CAS Latency = 2 2 2 2
o882
TO T1 | T2 | T3 | T4 T5 | T6 | T7 T8 T9 | T10 | Ti1 | T12 | T13 |T14 |T15 Ti6 | T17 |T18 |T19 T20 | T21 |T22 | 'S g @
[N eNe)
I ©©
e UL HUSUOUUTUYUUUHLUL (872
1 e m
fekz & =
> (1 o
- ) 3 2
CKE High § g
< 3
14 3
w I
s I
w I
AL1(BS) l_
A10 RAX
A0 - A9 RAX CAX
oon ) A
Hi-z
DQ - — — — — —-—— == -
! r ? » | ' [Jon]|
Activate Read Activate Command Full Page burst operation does not Precharge Activate
Command Command Command Bank B terminate when the burst length is satisfied; | Command Command ll'"'"
Bank A Bank A Bank B The burst counter wraps the burst counter increments and continues Bank B Bank B yu
from the highest order bursting beginning with the starting address. [T |"
page address back to zero Burst Stop -
during this time interval. Command [m |"
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Full Page Read Cycle (3 of 3)

Burst Length = Full Page, CAS Latency = 3

TO T1 |T2 |T3 T4 T5 |T6 |T7 T8 T9 |T10 |T11 T12 | T13 |T14 |T15 T16 | T17 |T18 |T19 T20 | T21 |T22 |
ewo [P UUUUUU U ULUL
‘ feka
‘ i
CKE High
RAS l_ _\_
s
e I
AL1(BS) l_
A10 RAX RBy
AO - A9 RAX CAX RBy
< trp >
oov [ ff £
Hi-Z
DRQ - — ———— — — — — —— == == -
$ 4 1 Full Page burst operation does not 4
Activate Read Activate + Command | terminate when the length is Precharge Activate
Bank A Bank A Bank B The burst counter wraps  bursting beginning with Bank B Bank B
from the highest order the starting address.
page address back to zero Burst Stop
during this time interval. Command
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_ I
; _ S _ ST m
Full Page Write Cycle (1 of 3) Burst Length = Full Page, CAS Latency =1 | 2 22
o2 g
T0 T1 | T2 | T3 T4 T5 | T6 | T7 T8 T9 | T10 | T11 | T12 | T13 |T14 |T15 T16 | T17 |T18 |T19 T20 | T21 |T22 | § g g
o
e _JUUHUHJUODUUUHUUL UYL UL L L =5
feka ) <
- (1 o g
CKE  High JJ 2 2
< 8
r g
e\ /o \/ \ /
w
cas [
w I
AL1(BS) l
A10
A0 - A9
DQM
DQ
— . T page Length: [l
f Activate + Write Precharge ﬁ%z ks = 1024
i Command Command Data is ignored. Mb x 41/0 x 2 Banks =
Command | BankB _ Command 1Mb x 8/0 x 2 Banks = 512 ll'"'"
Bank A The burst counter wraps Full Page burst operation does not Bank B 512kb x 161/0 X 2 Banks = 256 "y
_ from the highest order terminate when the burst length is satisfied; Activate Myl
Write page address back to zero the burst counter increments and continues BurstStop  Command BT
ng‘m?d during this time interval. bursting beginning with the starting address. Command Bank B ML |"
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Full Page Write Cycle (2 of 3)

Burst Length = Full Page, CAS Latency = 2

TO T1 | T2 | T3 T4 T5 | T6 | T7 T8 T9 | T10 | T11 | T12 | T13 |T14 |T15 Ti6 | T17 |T18 |T19 T20 | T21 |T22 |
ewo [UUDUUUJUUODHUUULHUUUULULL
‘ fekz
> (L
CKE High )
1F
s I
o I
=
AL1(BS) l_
A10 RAX RBy
AO - A9 RAX RBy
oo 1) i
Hi-Z
DQ - — — — —__——— = = = == -
f Activate i t
Activate Write Command Command Data is ignored. Precharge Activate
Command  Command Bank B Bank B Command  Command
Bank A Bank A The burst counter wraps Full Page burst operation does not Bank B Bank B
from thg dhlghegt olzder terminate when the burst length is satisfied;
gag_e & h_res_s ack to zlero the burst counter increments and continues  Burst Stop
uring this time interval. bursting beginning with the starting address. ~ Command
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Full Page Write Cycle (3 of 3) Burst Length = Full Page, CAS Latency = 3 222
528
TO T1 | T2 | T3 T4 T5 | T6 | T7 T8 T9 | T10 | T11 | T12 | T13 |T14 |T15 T16 | T17 |T18 |T19 T20 | T21 |T22 | § g g
o oo
388
e U UUUASHUUUUHUUHLTLLLHHL [§%;
— W
feks | & =
(L ) 8
CKE High JJ § 2
E
1 Q
N (@]
RAS l_ _\_
s
e I
AL1(BS) l_
A10 RAX RBy
AO - A9 RAX RBy
oo [ a
Hi-Z ‘ ‘ ‘ ‘ ‘ s Data is ignored.
0 M oo T T - - - -
f T Activate Write A ? T """"
Activate Write Command Command Full Page burst operation does not Precharge Activate i
Command Command Bank B Bank B terminate when the length is Command Command ll Il ||
Bank A Bank A The burst counter wraps satisfied; the burst counter Bank B Bank B pa
from the highest order increments and continues T |I|
page address back to zero bursting beginning with Burst Stop -
during this time interval. the starting address. Command 1l |"
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Byte Write Operation

|T0|T1 |T2|T3|T4|T5 |TG |T7|T8|

Burst Length = 4, CAS Latency = 2

T9 |T10 |T11 | T12 |T13 |T14 |T15 |T16 | T17 |T18 |T19 | T20 |T21 |T22 |

teko
CKE High
cs \/ \L/
RAS
CAS
WE
A11(BS)
Al10
A0 - A9 cAy CAz
LDQM ‘\_ J 1
UDQM N\
Y
DQg - DQ7 — DAy1¥DAy2
N
DQs - DQ1s Ao ora . )on)
t 1
Activate Read Lower Byte Write Read Lower Byte Lower Byte
Command Command Upper Byte is masked Command Upper Byte  Command is masked is masked
Bank A Bank A is masked Bank A is masked Bank A
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Burst Read and Single Write Operation Burst Length = 4, CAS Latency = 2

| TO | T1 |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11|T12 |T13 |T14 |T15 |T16|T17 |T18 |T19|T20|T21 |T22 |

CLK

teke
CKE High
cs /o \/
RAS
- I |
CAS
B I |
WE
I |
A11(BS)
I -
A10
I |
A0 - A9 CAW/ CAX cAy CAz
i
N\ /O
I
oo AN
Y
DQg - DQ7 — —{Av0 ¥ A1 mm — (DAWOY- — — — — — — (A X Ay1 — ::
\
-0 7 ~(CO0EE0) —d - € 7 - - - () () ()
) : i ) t ) 1 Lower Byte Lower Byte
Activate Read Single Write  Single Write Read is masked Slngle Write is masked
Command Command Command Command Command Upper Byte Command
Bank A Bank A Bank A Bank A Bank A is masked Bank A
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Full Page Burst Read and Single Write Operation Burst Length = Full Page, CAS Latency = 3 [l

<||I
CLK )

TO | T1 |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11|T12 |T13 |T14 |T15 |T16|T17 |T18 |T19|T20|T21 |T22 |

teke
CKE High
s\ \L/ \/ W\ \/
s
CAS r
w I
A11(BS) l
Al10 RAV
A0 - A9 RAV CAv CAW, CAX cAy
LDQM l
53]
oo |y ;2
s R
Hi-Z %] [))
DQy-DQ7 - — — — — — — — — — — (A0 X Avl X Av2 Y Av3 — (DAWO» — (DAX0) — — — — — — —{( Ay0 X Ayl X Ay2 X Ay3 | — — 5 5
s 8
Hiz ST®
i-
R R R G0 G 0 oSS A G S B B CD Oy GO GOSN+
G
f 1 1 ) 255
Activate Read Burst Stop Single Write  Single Write Read Burst Stop > @B
Command Command Command Command Command Command Command =z 8 8
Bank A Bank A Bank A Bank A Bank A 00



¥0T J0 Z6 abed

“JUSWINIOP SIY) JO pua 8y} 1e suoisiroid auy 0 19algns Jsyuny st asn
‘pansasal sybu ||y "uonesodiod NgIO

L6/S
90-TT.LV-VIVS
L66EH.LO

- = =
H =rc w W
Random Row Read (Interleaving Banks) Burst Length = 2, CAS Latency = 1 2z=
o o
o QR
‘TO‘ T1 ‘TZ ‘T3‘T4 ‘TS ‘TG ‘T7 ‘TB ‘TQ ‘TlO‘Tll‘TlZ‘TlB ‘TlA ‘TlS‘Tl6‘T17‘T18‘TlQ‘TZO‘T21 ‘TZZ ‘ “ggg
(el eNe)]
3 © O
CLK g 00
S m
teka & =
> o
- 9 ®
CKE High Begin Auto | Begin Auto | Begin Auto | Begin Auto | Begin Auto = Begin Auto | Begin Auto = Begin Auto | Begin Auto = Begin Auto | Begin Auto g 3
Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge =z [s9]
Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B 8
J— (@]
CS \
= A/ Y\ Y W\ S
as O\ N\ N S S
WE /
A11(BS) / \ / \ / \ / \ / \ / |
2049 Predpkca ke e e =R 0N R R0
DOM \ trp trp trp trp trp trp trp trp trp trp
Q —> —> —> —> —> —> —> +—> —> —>
Hi-Z
DQ == — — {evo et Yo Y wn Yevo Y v Y avo } s Y emo) mu} wo) a0} s} w0} ma Y evo Y e Y avo ¥ avs ¥ e20)
Activate Activate Activate Activate Activate Activate Activate Activate Activate Activate Activate Activate I I m I I
Command Command Command Command Command Command Command Command Command Command Command Command m
Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Il
Read Read Read Read Read Read Read Read Read Read Read "I !
Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B Bank A Bank B n |"
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Full Page Random Column Write

Burst Length = Full Page, CAS Latency = 2
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Precharge Termination of a Burst (1 of 3)
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Precharge Termination of a Burst (3 of 3) Burst Length = 4,8 or Full Page, CAS Latency = 3 [l
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CS Function (Only CS signal needs to be asserted at minimum rate) at 100MHz Burst Length = 4, CAS Latency = 3 222
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PACKAGE DIMENSIONS (400mil; 44 lead; Thin Small Outline Package)
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PACKAGE DIMENSIONS (400mil; 50 lead; Thin Small Outline Package)
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Revision Log

Revision
9/29/95
01/31/96

07H3997
SA14-4711-06
5/97

IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Contents Of Modification
Initial Release
2nd Release
page 2 | Correction to pin description of VSSQ.
page 8
page 38 | Change number of required Auto Refresh Cycles from eight Auto Refresh Cycles to ... a minimum of 2
page 39 |Auto Refresh Cycles.
page 46
page 9 gorrections to Burst Length Table: Change Entry 000 from Reserve to 1. Change Entry 001 from
eserve to 2.
page 9 | Correction to Operation Mode Table: Change “BS/A10/A9/A8/A7" to “M11/M10/M9/M8/M7”.
Further clarification regarding Auto-Precharge cycles when the device is programmed for burst length of
page 19 full page.
page 25 | Correction to description of Automatic Refresh Command (change increments to decrements).
Correction to description of Power Down mode (change statement to say... “all receiver circuits except
page 26 CLK and CKE are gated off.”).
page 27 | Correct error in diagram: Clock Suspend During a Read Cycle.
page 27 | Correct error in diagram: Clock Suspend During a Write Cycle.
page 28 | Delete Note 2 in the Command Truth Table.
page 29 | Change Note 2 in the Clock Enable Truth Table from ...asynchronously to ...synchronously.
page 34 Correction to Recommended DC Operating Conditions Table: Change Vil(min) from -0.5V'to -0.3V.
page 34 | Correction to Capacitance Table: Change Cg from (DQ0-DQ3 to DQO-DQ15).
page 35 | Correction to Standby and Refresh Currents Table: Auto Refresh Current.
page 36 | Correction to Operating Currents Table: Burst Length = 1.
page 36 | Correction to Operating Currents Table: Burst Length = 2.
page 36 | Correction to Operating Currents Table: Burst Length = 4.
page 36 | Correction to Operating Currents Table: Burst Length = 8.
page 36 | Correction to Operating Currents Table: Burst Length = Full Page.
page 37 | Correction to Operating Currents Table: Burst Length = 1-N Rule.
page 39 Modification to Read Cycle Table: Separate tHZ into 3 parameters (tHZ1, tHZ2,tHZ3).
page 38 | Correction to AC Characteristic timing diagram.
page 38 | Addition to Clock and Clock Enable Parameter Table: CKE setup time for power down mode (tCESP).
page 39 | Change definition of Self Refresh Exit time. Add Note 3 to Refresh Cycle Table.
Ezgg ig Correction to Minimum Bank Cycle Time (tRC).
S:g: ig Correction to Minimum Bank Activate Time (tRAS).
Correction to Timing Diagram Cross Reference Table. The page numbers for the individual timing dia-
page 41 grams were improperly referenced.
page 55 | Correction to Timing Diagram: Self Refresh (Entry and Exit).
page 90 | Correction to Timing Diagram: Burst Read and Single Write Operation (Burst ends normally after Ay3).
©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.
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Revision Log

page 83
page 84
page 85
page 86
page 87
page 88
page 99

page
100

05/01/96 page 4

Correction and Clarification to Timing Diagram: Full Page Read Cycle (1 of 3).
Correction and Clarification to Timing Diagram: Full Page Read Cycle (2 of 3).
Correction and Clarification to Timing Diagram: Full Page Read Cycle (3 of 3).
Correction and Clarification to Timing Diagram: Full Page Write Cycle (1 of 3).
Correction and Clarification to Timing Diagram: Full Page Write Cycle (2 of 3).
Correction and Clarification to Timing Diagram: Full Page Write Cycle (3 of 3).

Correction to plastic body width and length dimensions.
Correction to plastic body width and length dimensions.

Correction to part numbers in Ordering Information

10/02/96 3rd Release

page 1

page 4

page 35
page 36
page 38
page 39
page 40

page 1

page 1

page 20
page 22
page 28
page 28
page 34
page 35
page 35
page 38
page 38
page 38
page 39
page 40
page 53
page 60
page 61
page 63
page 64
page 83
page 85
page 86

Deletion of -11 and -13 sorts.

Correction to package description: Should be 44 pin package (not 40 pin).

Modification to Performance Features: Clock Access Time.

Correction to Timing Diagram: Burst Write with Auto-Precharge.

Description of Precharge Termination added

Correction to Command Truth Table: Power Down Mode Entry/Exit.

Addition of Note 7 to Command Truth Table.

Addition of DC Output Load Circuit.

Modification to Output Characteristics Table: Footnote added to Voh and Vol parameters.
Correction to Standby and Refresh Currents Table: IcciN, IcciNS, lccoN, lecoNS.

Modification to -10 and -12 timings in the AC CharacteristicsTables.

Parameter name changes (tcH to tckH. tcL to tcKL, tcKs to tCES. tCKH to tCEH. tCKSP t0 tCESP)-
Modification to AC CharacteristicsTable: Clock Enable setup time changes from 3.5 to 3 ns.
Addition of t_ zmin and tgzmin parameters and change to tyzmax parameters.

Modification to Write Cycle Table: tpp; and tpa. no longer shown for 3 different CAS latency cases.
Change to Timing Diagram: Power Down Mode and Clock Suspension.

Change to Timing Diagram: Random Column Write (Page within same Bank) (2 of 3).

Correction to Timing Diagram: Random Column Write (Page within same Bank) (3 of 3).
Correction to Timing Diagram: Random Row Read (Interleaving Banks) (2 of 3).

Correction to Timing Diagram: Random Row Read (Interleaving Banks) (3 of 3).

Correction and Clarification to Timing Diagram: Full Page Read Cycle (1 of 3).

Correction and Clarification to Timing Diagram: Full Page Read Cycle (3 of 3).

Correction and Clarification to Timing Diagram: Full Page Write Cycle (1 of 3).

©IBM Corporation. All rights reserved. 07H3997
Use is further subject to the provisions at the end of this document. SA14-4711-06
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Revision Log
page 41
1/7/97
page 55
page 27
page 35
4/11/97
page 39
page 40
07H3997
SA14-4711-06
5/97

IBM0316169C IBM0316409C
IBM0316809C
16Mb Synchronous DRAM

Changed tgp, trep from 36 to 30 in the common parameters table.
Correct Self Refresh (Entry and Exit) timing diagram.

Clarification of Self Refresh Command text (CKE remain high).
Change IcciN, Icc2N information.

Clarification of notes in Refresh Cycle table.

Change tpp. from 15ns to 13ns.
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