|IBM03168B9C
IBM03164B9C

16Mb Synchronous Stacked DRAM

Features

+ High Performance:

fox %Clock Frequency
tex ECIock Cycle

+ 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 IBM03164B9C and IBM03168B9C are dual
bank Synchronous DRAM’s organized as 2Mbit x 4
/O x 2 Bank and 1Mbit x 8 /O x 2 Bank, respec-
tively, in a 2 high stack. 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 CMQOS
DRAM process technology.

The device is designed 1o 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

+ Multiple Burst Read with Single Write Option

+ Automatic and Controlled Precharge Command
+ Data Mask for Read/Write control

+ Auto Refresh (CBR) and Self Refresh

« Suspend Mode and Power Down Mode

+ 4096 refresh cycles/64ms

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

* LVTTL compatible

+ Package: 44 pin 400 mil TSOJ-Type Il -2 High

addresses {AD-A10) and a bank select address
(A11) are strobed with RAS. Ten column addresses
{AD-A9) plus a bank select address {A11) are
strobed with CAS. Column address A9 is dropped
on the x8 device. Access 1o the lower or upper
DRAM in the stack is controlled by CS0 and CST.

Prior to any access operation, the CAS latency,
burst length, and burst sequence must be pro-
grammed into the device by address inputs AD-A9
during a mode register sel 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. Refreshing both decks simulta-
neously is allowed during self refresh. All other oper-
ations must be performed on a single deck at a time.
These devices operate with a single 3.3V + 0.3V
power supply and are available in 400mil TSOJ
Type Il packages.
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Pin Assignments (Top View)

vDD 1 44 ] Vss
NG 2 43 [] NC
VSSQ [ 3 42 [1 VSSQ
DQo O 4 41 ] DQ3
vDDQ [ 5 40 [1 vDDQ
NC [ s 39 0 NC
VvssQ [ 7 38 [1 vSSQ
DQ1 [ 8 37 [0 bgz
vDDQ [ 9 36 [] vDDQ
NC [ 10 351 NC
NC [0 11 34 1 NC
WE ] 12 330 DOM
CAS [] 13 32 [0 CLK
RAS [ 14 31 [ CKE
*CSo/NC [ 15 30 1 NC/CB1*
Al11(BS) [] 16 29 1 A9

A10 [ 17 28 [1 A8
A0 18 27 [ A7
Al 19 26 0 A6
A2 20 250 A5
A3 [ 21 24 [1 A4
VDD ] 22 231 Vgg

44-pin Plastic TSOJ(Il} 400 mil

(2Mbit x 4 I/0O x 2 Bank} x 2 High
IBM03164B9CT3

Pin Description

CLK Clock Input

CKE

AD - A10
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VDD ] 1 O 44 ] Vss
DQo [ 2 43 [1 DQ7
VsSsQ 3 42 ] VSSQ
DQ1 [ 4 41 ] DQs6
vDDQ [0 5 40 ] vDDQ
DQz O 6 39 [ DQ5
VssSQ ] 7 38 [1 vSsQ
DQ3 [ 8 37 [1 bQ4
vDDQ [ 9 36 [1 vDDQ
NC [] 10 35[0 NC
NC [] 11 34 [1 NC
WE 112 33 0 DQM
CAS [] 13 321 CLK
RAS [] 14 31 [1 CKE
*CS/NC [ 15 30 [1 NC/CB1*
A1l (BS) ] 18 291 A9

Ao O 17 281 A8
A0 [] 18 270 A7
Al 19 26 [] A6
A2 [] 20 250 A5
A3 [ 21 24 [1 A4
vDD [ 22 23 [0 Vss

44-pin Plastic TSOJ(Il) 400 mil

(1Mbit x 81/0 x 2 Bank} x 2 High
IBM03168B9CT3

30 selects the lower DRAM in the stack
C31 selects the upper DRAM in the stack

"
"

DaQo-DQ7 Data Input/Quitput
............... D QMDataMaSk
"""""""" VoD i Power(x33V)
S VSS S S Gmund S

~ wvoba Power for DQ's (+3.3V) |
e VS SQ ......................... Gmu nd for DQS .......
AAAAAAAAAAAAAAAAAAAAAAA N c BT Noconnectlon eeeien,
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Input/Output Functional Description

Polarity Function

Posilive The system clock input. All of the SDRAM inpuls are sampled on the rising edge of the!
Edge  clack. i

: ctivates the CLK signal when high and deactivates the CLK signal when low. By deac i
ivating the clock, CKE low initiates the Power Down mode, Suspend mode, or the Sell;

:G30 and C31 enable the command decoder when low and disable the command:
idecoder when high. When the command decoder is disabled, new commands arei
ilgnored but previous operations continue. !

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

‘Selects which bark is to be active. A11 Iow selects bank A and A1 1 high selects bank B .

i Aclive Low |

iDunng a Bank Actlvate command cycle AO A10 detlnes the ow address (RAO RA10)
iwhen sampled at the rising clock edge.

?Dunng a Read or Write command cycle, A0-A9 defines the column address (CAO- CAQ)
: _ :when sampled al the rising clock edge. In addilion to the column address, A10 is used to_‘
A0 - A0 Input Lovel . ilnvoke autoprecharge operation at the end of the burst read or write cycle. If A10 is high, |
§ ; i iautoprecharge is selected and A11 defines the bank to be precharged {low=bank A
: ihigh=bank B). If A10 is low, autoprecharge is disabled. !
iDunng a Precharge command cycle, A10 is used in conjunction with A11 to control whichij
ibank(s) to precharge. If A10 is high, both bank A and bank B will be precharged regardf"
%Iess of the state of A11. If A10is low, then A11 is used to define which bank to precharge

| DQo-Da7 |

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

i The Data Input/Output mask places the DQ butfers in a high impedance state when sam-:
i : £ ipled high. In Read mode, DQM has a latency of two clock cycles and controls the outputi
DQaM Input Pulse Active Low ;buffers like an output enable. In Write mode, DQM has a latency of zero and operates as:
i ; ; §a word mask by allowing input data to be written if it is low but blocks the write operatlon
{if DQM is high.

%Power and ground for the Input buffers and the core Ioglc

ilsolated power Supply and ground for the output butters to provlde Improved noise immu--
inlty :
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Package

IBM03164B9CT3-10

IBM03164B9CT3-12

IBM03168B9CT3-12
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Block Diagram (2Mbit x 4 1/O x 2 Bank) x 2 High

IBM03168B9C
IBM03164B9C

16Mb Synchronous Stacked DRAM

CKE —| cKE Buffer

P

;

"
- 2048

M

18poag Moy

2048 x 1024
Memory Bank A

U4
Row Al ]
Address ‘ 1
Counter Sense Amgplitiers
Bank A N
Row/Column Column Decoder and DQ CGate
CLK —=| CLK Bufer Select =
AQ —=] I a —
A2 — V' Gontrol
A3 — & Er—— Bank A I
A4 " e
Ao o B — |
AG —= 3 £
A7 —= & ;
A8 g 17 11 Mode Register
A9 — 2 ! 8
A1Q — 7
All (BS) —L |
[ y r Sequential
CS0 s Control
ST CS Buffer 3/ BankB 1
AAS i, —

Command Decoder

Bank B
Row/Column

Column Decoder and DQ Gate

Select

Sense Amplifiers

Row Decoder

e

Memory Bank B
2048 x 1024

~h

~=DQO
—DQ1
—DQ2
—DQ3

Data Input/Cutput Buffers
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BM03168B9C
BM03164B9C

16Mb Synchronous Stacked DRAM

Block Diagram (1Mbit x 81/0 x 2 Bank) x 2 High

z R
=
o 2048 x 512
§ \'/@l\‘ Memory Bank A
(=3
o
CKE —+| cKE Buffer -
Row
Address 8
Counter Sense Amgplitiers
Bank A
Row/Column Column Decoder and DQ CGate
CLK —=| CLK Buffer Select p
> {{{
AQ — ] || ——
Al —» Sequential Data Latches
A2 — V' Control |
ﬁg —_— g N Bank A 8
@ —
Ao 1 £ |
A6 — 3
A7 —= &
A8 g 17 11 Mode Register
A9 — 2 }
A1Q — —
All (BS) —L | W[LL\

CS0

RAS —=| BAS Buffer

—t

o

AS —| TAS suffer

WE—=| WE Bufler

—

DM

=
Gar Lo |

DQM Buffer

Command Decoder

Contral
7 <8

Sequential
i

Bank B

Data Latches

8
L
Bank B 8
Row/Column Calumn Decoder and DQ Gate
Select

Sense Amplifiers

I.. ;
8

o

)

|

204

Row Decoder

Memory Bank B
2048 x 512

UK

C

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

Page 6 of 98

R

==+DQO
—DQ1
—DQ2
—DQ3
—DQ4
—DQ5
—DQ6
—DQ7

Data Input/Output Buffers
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked 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 100ps 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 Maode Register with a single Mode Register Set Command.
Any content of the Mode Register can be altered by re-executling 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
a rising clock edge o 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.

77H9994 ©IBM Corporation. All rights reserved.
GA14-4778-00 Use is further subject to the provisions at the end of this document.
Released 1/9/97

Page 7 of 98



IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Mode Register Operation (Address Input For Mode Set)

BS | A1D | A9 A8 A7 A6 A5 A4 A3 Az | A A0 | Address Bus (Ax)

Operation Mode

BT Burst Length Mode Register (Mx)

Operatlon Mode

Norm al

0 Multlple Burstwlth : Interleave :
Single Write i e R :

CAS Latency Burst Length

Reserve

Reserve

; Reserve ; Reserve i

Reserve ! Reserve | Reserve |

Reserve : Reserve | Reserve :
: FuII Page Reserve :
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked 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 1o 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 afler a Write Command. The burst length can be programmed 1o have values of 1, 2, 4, 8 or full
page {actual page length is dependent on organization: x4 or x8). Full page burst operation is only possible
using the sequential burst type.

Burst operation mode can be normal operation or multiple burst with single write operation. Normal operation
implies that the device will perform burst operations on both read and write cycles until the desired burst
length is satisfied. Multiple burst with single write operation was added to support Write Through Cache oper-
ation. Here, the programmed burst length only applies 1o read cycles. All write cycles are single write opera-
tions when this mode is selected.

Burst Length and Sequence

Full Page (Note) \ \ : Not Supported

Note: Page length is a function of I/O organization and column addressing.
X4 organization (CA0-CA9); Page Length = 1024 bits
X8 organization (CA0-CAB8); Page Length = 512 bits
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Bank Activate Command

In relation to the operation of a fast page mode DRAM, the Bank Activate command corresponds o 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, A11 (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 AD
- A10 is used 1o determine which row to activate in the selected bank. Only banks A and B within a single
deck can be accessed. Operation of both decks at once is not allowed, except during Self Refresh.

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 (1rep). Once a bank has been activated it must be pre-
charged before another Bank Activate command can be applied o 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 (ipg). The minimum time interval between interleaved Bank Activate commands (Bank A to Bank B
and vice versa) is the Bank to Bank delay time (igpp).

Bank Activate Command Cycle (CAS latency = 3)
T0 T T2 T3

G S N N S Y O |

Bank A \ Bank A
ADDRESS {Roﬁlddr >— : _< SankA % ..........
sty |

Bank A rite A Bank B Bank A
GOMMAND{ b H oP H o H.svrgghg;g;} ---------- o H vop-{ e

RAS Cycle time (tgg)

Th+2 Tn+3

Bank A
Row Addr.

Read and Write Access Modes

After a bank has been aclivaled, a read or write cycle can be executed. This is accomplished by setling RAS
high and CAS low at the clock’s rising edge after the necessary RAS to CAS d% (tren). 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 /0O x 2 Bank device has a page length of 1024 bits (defined by CAQ-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 (CA0-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-
menls. The aclual boundary segment (1 of 2586) is determined by the eight higher order column addresses
(CAZ2-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.
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked 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 DRAM'’s, a read or write cycle can not begin until the sense amplifiers
latch the selected row address information. The refresh period {tger) 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 1o 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 fo
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 1o when the data from the first cell appears on the outpuls is equal o the value of the CAS
latency that is set in the Mode Register.

Burst Read Operation (BurstLength = 4, CAS latency = 1, 2, 3)
T0 T T2 T3 T4 T5

|

\

18
CLK J i | \ L
I [ [ I I [ I I
| \ \ | | \ | |
COMM AND{ READ AH NOP H NOP H NOP H NOP H NOP H NOP H NOP H NOP
N | | |
CAS latency = 1 | ::E?}‘ |

\
\

; T DOUT Ag X DOUT A DOUT A >< DOUT A,
TCK1,DQS ! 2 8 !
\ | | \

DOUT Ag >< DOUT A1 § DOUTAp >< DOUT Az

16 17

A [ [

_
)\

|
CAS latency = 2 |
TCKg, DQ's |
|

|

|

CAS latency = 3

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

TCKS, DAQ's |
77H9994 ©IBM Corporation. All rights reserved.
GA14-4778-00 Use is further subject to the provisions at the end of this document.

Released 1/9/97
Page 11 of 98



IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

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.

(BurstLength = 4, CAS latency =1, 2, 3)
TO T T2 T3 T4 5

T6 T8
CLK ‘ I\ L L
| | | | | | | | |
| \ | \ \ | | \ \
GOMMAND~< READ A H READ BH NOP H NOP H NOP H NOP H NOP H NOP H NOP
CAS latency = 1

|
. |
, DOUT A DOUTB DOUT B DOUTB DOUT B
tCK1, DQ's < 0 >< 0 ! >< z >< 3 |

T7

[y [y A A 4

_
»

|
CAS latency =2 |
tCKE, DQ's |
|

|

|

DOUT Ag >< DOUT By >< DOUT By >< DOUT By >< DOUT B

! DOUT Ag >< DOUT By >< DOUT By >< DOUT By >< DOUT By >‘—

CAS latency =3
tCKS, DG's

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 1o avoid data con-
tention on the /O bus by placing the DQ’s (output drivers) in a high impedance state at least one clock cycle
before the Write Command is initiated. To insure the DQ’s are tri-stated one cycle before the write operation
begins, DAQM must be aclivated at least 3 clock cycles before the Write Command and be deactivated in the
same clock cycle as the Write Command.
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

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 T T2 T3 T4 T5 T6 17

o [ ] 1 [ l i

|
| ! | |
- |
A |
\ |
|

4

| |

| |

o o
S| 1 Clk Interval

COMMAND{ NOP >—< NOP HA?)#TVT\#EH NOP >—<READA >—<WRITEA>—< NOP >—< NOP >—< NOP >—

—

| .

| ] DIN Ag >—< DIN Ay >—< DIN Ay >—< DIN Az >

|

|

|

/

DGM

i

i
|
|
\
\
!

|
GCAS latency = 1 |
10K1, DQ's |
|

|

I

Must be Hi-Z before ‘
the Wite Command

: \ DIN Ag >—< DIN Ay >—< DIN Ap >—< DIN Ag >

CAS latency = 2
tCKZ’ DQ's

H or L”

Non-minimum Read to Write Interval: Burst Length = 4, CAS latency =1, 2
TO T T2 13 T4 15 16 17 18

i

CLK \

DQM

i
[
|
|
|
|

|

|

| \

]

COMMAND~< NOP >—<READA>—< NOP >—< NOP >—< NOP >—<WRITEB
| e |

| |
DOUT Ag >< DOUT Aq

CAS latency = 1
tCK1, DQ's

‘ | Must be Hi-Z betore ‘
the Write Command

1 DOUT Ag >:—< DIN By

CAS latency = 2
10K2! DQ's

H or L
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Method 2: CAS latency = 3, BurstLength =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 |atency = 3
T0 T T2 T3 T4 T5 T6 17

CLK l 1 4 4 A i 4 4 L L
[
............................................................................................. |
|
|

Mihimum delay between the Read and Write Commands = Burst Length+1 cyclbs |
| ‘ |
| \ \ \ |
| \ |

COMMAND{ NOP >—< READ A >—< NOP >—< NOP >—< NOP >—< NOP >—<WRITEB>—< NCP >—< NOP >—
[ \ \ [

| | | | _I— \

| i | i DOUT Ag } DIN Bg >—< DIN B4 >—< DIN Ba >
| | | |

| Must be Hi-Z before |
the Write Command

DGM

DQ's

*H or "L”

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 1o the open bank.
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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 1o the DQ pins will be ignored.

Burst Write Operation (BurstLength = 4, CAS latency = 1, 2, or 3)
TO T T2 T3 T4 T5 T6 T7 T8

CLK J [ [ [y

| \ \

COMMAND{ NOP >—<WRITEA>—< NOP >—< NOP >—< NO >—< NOP >—< NOP >—< NOP >—< NOP
|
\

DQ's —‘—< DIN Ag >—< DIN Aq >—< DIN Ag >—< DINAg £ don't care $—
|

The first data elemem and the Write Extra dala 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.

(BurstLength = 4, CAS latency =1, 2, or 3)

T1 T2 13 T4 15 16 17 18

CLK } [} [ [y

COMMAND{ NOP >—<WRITEA WRITEB

1 Clk In1erva|

o o o v o
| | |
DQ’s 4‘—< DIN Ag DINBg >—< DIN By >—< DIN Bz >—< DIN Bg > 1 ! !
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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 DQ’s must be in the high impedance stale 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.

(BurstLength = 4, CAS latency =1, 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK L ) i
| |
| | | | | | | | |
COMIVIAND{ NOP >—< WRITE A >—< READ B >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >~
| 3 e | | | | |
o ) ‘ % ‘ . | | | ‘ ‘
tcszmsgysf 1"—<_‘EIN—A0/‘ 2 DOUT By >< DOUT By DOUT Bz >< DOUT B3
i

% I L .
CAS latency = 2 DIN A don't | DOUT B DOUT B DOUT B DOUT B3 J——
; on'1care
toke, DQ's | 0 .\i; ° 1 ; ’

| | | | | |
\

CAS lalency =3 ‘ 3 .
1 DIN A don't care §ie DOUT B,
toks, DQ's 4<‘ 0 s o }, DOUT By DOUT Bo >< DOUT B3 )

) [ A ) ) i

Input data must be removed from the DQ's at least one clock
.. cyde betore the Read data appears on the outputs to avoid

Input data for 1he“Wri1e is masked. data coniention.
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Burst Stop Command

Once a burst read or write operalion has been initialed, 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 1o terminate the existing burst operation but leave the bank open for future
Read or Write Commands 1o 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 DQ’s 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 (BurstLength > 4, CAS latency = 1, 2, 3)
T0 T T2 T3 T4 T5 T6 T7 T8

CLK | L L | L
| | | |
\ \ | |
COMMAND{ READA>—< NOP >—< NCP >—< NOP >—< BS%?J{ NOP >—< NOP >—< NOP >—< NOP >—
| | |

|
‘ | | ‘ . e I 1 1
\E The burst ends after a delay equal to the CAS latency.
DOUT Ag DOUT A4 DOUT Az DOUT Az ‘ B B

CAS latency =1
toxe, DQ's

; DOUT A DOUT A DOUT A, DOUT A,
thQ’ DQ S < 0 >< ! 2 N

< DOUT Ag ) DOUT Ay X DOUT Ay >< DOUT Ag

CAS latency =3
TCKQ, DAQ's

\
\
\
\
CAS latency =2 |
\
\
\
|

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 1o the memory.

Termination of a Burst Write Operation (BurstLength =X, CAS latency = 1,2,3)
T0 T1 T2 T3 T4 T5 T6 T7 T8

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

COMMAND-{  NOP >—< WRITE A >—< NOP >—< NOP >—< Fais >—< NOP H NOP >—< NOP >—< NOP
I | | | | | |

TAS latency = 1,2,3| = ' ' o oarol | | | |
DO ‘ DIN Ag >—< DIN Aq >—< DIN Ap : ‘ i i

Inpunt data for the:Wrile is masked.

[} [ ) )
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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, 1o allow the active bank to autornatically
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 1o 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 aute-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 (igp) has been
satisfied. It should be noted that the device will not respond to the Auto-Precharge command if the device is

programmed for full page burst read or write cycles, or full page burst read cycles with single write operation.
Burst Read with Autoprecharge (BurstLength = 4, CAS latency =1, 2, 3)
TO T1 T2 T3 T4 T5 T8 17 T8

CLK L ) A ) L

COMMAND-{ SANKA H NOP } NOP AEE’Q&;?QEH NOP H NOP H NOP H NOP H NOP }—
| \ \
| \ \

CAS latency =1
tCK1, DQ’s

|
l
I | s | |
|

P lR R 2
! | \

\

toke, DQ's DOUT Ag >< DOUT A4 >< DOUT Ao >< DOUT Az

/

CAS latency =3
foks, DQ's

\
/ DOUT Ag >< DOUT Ay >< DOUT A
/

| | | |
% Bank can be reactivated at completion of igp

|
|
|
|
| |
CAS latency =2 | ‘
| |
1 T
| |
| [
i , i
I Begin‘ Aﬁioprechargé
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 10 as tpp,. The bank undergoing auto-precharge can
not be reactivated until tpp and tpp are satisfied. This is referred to as tpy  Data-in to Active delay (tpa = tpp

+ trp).
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Burst Write with Auto-Precharge (BurstLength = 2, CAS latency = 1, 2, 3)
TO T T2 T3 T4 5 6 17 T8

CLK A
COMMAND %f#ﬁ,‘é H NOP } NOP A‘i‘g@,‘f]ﬂi@g H NOP H NOP H NOP H NOP H NOP >—
|

| | \ \ \
S tatoncy 1| | \ \ } .................. tD AL oo o] \ \
toki, DQ's | | | DIN Ag DIN Aq * | | |
| | \ I I | | \ \
CAS latency ~2 | | \ \ R — R R \ \
icke, DQs — | | DIN Ag >—< DIN Aq ¥ | | |
| | | ‘ — | | |
RS latency -3 | | | | I T T S I I
toks, DQ's | | ‘ DIN Ag >_< DINA ) | * ‘ ‘
| | | T | | | |
“% Begin Autoprecharge

Bank can be reactivated at completion of ipa|

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 simullaneously. Two
address bits A10 and A11 (BS) are used to define which bank(s) is to be precharged when the command is
issued.

Bank Selection for Precharge by Address Bits

..................... DS e oo ANGEA BAOKIS)
_________________________ B
o ow meH BenkBony
_______________________________________________________________________________________________________ vy S

For read cycles when CAS lalency = 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 1o Precharge delay.

After the Precharge Command is issued, the precharged bank must be reactivated before a new read or write
access can be executed. The delay between the Precharge Command and the Activate Command must be
greater than or equal to the Precharge time (igp).
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Burst Read followed by the Precharge Command (BurstLength = 4, CAS latency = 2)
TO T T2 T3 T4 T5 16 T7 T8

CLKJALLA »ljlt

COMMAND~<READAx0>—< NOP >—< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >~

T
|z
T

\ \ T T
\ \ | |
\ \ \ | |
CAS latency =2 | ‘ \ ‘ | |
‘ ‘ < DOUT Axg >< DOUT Ax4 >< DOUT Axp X DOUT Axz / ‘ | |
[ [ [ I I

thE! DQ's

% Bank can be reacfivated at completion of tpp

Burst Write followed by the Precharge Command (BurstLength = 2, CAS latency = 2)
TO T1 T2 T3 T4 T5 T8 17 T8

CLK L i

COMMAND-  NOP Qg}:ﬂi} NOP WRITEAx0>—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—

| | ‘ e ‘
| | ‘ - rarars as o * ‘
| | \ | | \ \
CAS Iatency =2 | | ‘ | | ‘ ‘
lore, DA'S — | | | | | |
| | \ \ \ | | \ \
| | | | | | | | |
% Bank can be reactivated at completion of ipa
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Precharge Termination

The Precharge Command may be used 1o 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 T T2 T3 T4 T5 T6 T7 T8

CLK J | L L A

DAM

COMMAND{ NGP >—<READAxo>—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—

CAS latency =1
tCK1, DQ’s

Bank can be reactlvaleé at completion 01 tRP

DQM is needed to mask Bursl is terminated one clock after the Precharge command.
the oulput 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)
T0 T1 12 T3 T4 15 16 17 18

GLK J i i 1 A t
| I | I | | I I
| | | | | | | |
v | | / “\ | | | |
i | | ] | | | |
| \ | | | | \ \
COMMAND{READ Ax0>—< NOP >—< NOP >—<Precharge A>—< NOP >—< NGP >—< NOP >—< NOP >—< NOP >v

A

DAQM

| \

| |
o | ‘ 1 | |
CAS latency =2 /

| \

I I

; DOUT Axg >< DOUT Axy >< DOUT Ax2 \
toke, DQ's \ :
l A ok k‘
% Bank can be reactivaled at completion of 1Rp DQM is neeaed 1o mask Burst Is o
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 T T2 T3 T4 15 16 17 T8

LR S Y S S A

DGM

COMMAND{HEADAXoH NOP H NOP H NOP >—<PrechargeA>—< NOP H NOP H NOP H NOP >~

, [ bour axg ¥ pout Ass >< DOUT Axp 1—
loka, DQ's \ >< e

\ \
| |
CAS latency = 3 ‘ ‘
\ \
| |

Bank b tivated at e 1t DQM is needed 1o mask
JBank can be reactivated at completion of tgp he 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.

Burst write operations will be terminated by the Precharge command. However, write data written fo the
device during the Precharge command or prior 1o 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 1o
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)
T1 T2 T3 T4 T5 T8 17 T8

CLK

DAQM

[
I
|
|
|
|

COMMAND< NOP H NOP %WRITEAxO NOP NOP >—<PrechargeA>—< NOP H NOP H NOP >—
T 3

CAS latency =1

ck1, DQ' x x x
toke, DQ's DIN Axg DIN Ax4 DIN Axp

T T T

| | I

i i DOM is needed to mask
% Bank can be reactivated at completion of ipa| the invalid data
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Precharge Termination of a Burst Write (Burst Length = 8, CAS Latency = 2)
T0 T1 T2 T3 T4 T5 T8 17 T8

CLK L i

DAQM

[
| | |
| | | | |
| | | | |

4 | I ! !
| | l I I
| | | | |
| | | \ \

COMMAND< NOP >—< NGP >*<WR|TEA)(04< NOP H NOP >—<PrechargeA>—< NOP >—< NOP H NOP >—

I
tRp ..........;,;..‘

< DIN Axg >—< DIN Axy >—< DIN Axa
T T T
| |

tCKE, DQ's

|
|
|
CAS latency = 2 |
|
|
|

i i DQM is neeaed 1o mask
< Bank can be reactivated at completion of tpa| the imralid data

When CAS latency is set to equal 3, the last write data that will be properly stored in the device is that write
dala that is presented fo the device two clocks prior 1o 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 T5 T8 17 T8

CLK L i

DAQM

COMMAND< NOP >—< NOP meTEAxOH NOP H

| | |

| | | |

| | ‘ TR B B ]
CAS latency =3 | | ‘ ‘ | ‘ ‘
loks, DQ's | | < DIN Axg >—< DIN Axq >q ) | ‘ ‘

| | \ \ By | \ \

[ [ | | b, [ | |

i i DQM is needed to mask
% Bank can be reactivated at completion of tpa) the invalid data
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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 (igp) before the Auto Refresh Command (CBR) can be applied. Only one deck at a time
can be refreshed using Automatic Refresh mode. An address counter, internal 1o 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 (tre).

Self Refresh Command

The SDRAM device has a built-in timer to accommodate Self Refresh operation. Using Self Reiresh, both
decks can be refreshed at the same time. 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, how-
ever, 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 positive 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 (tre).

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 T T2 T3 T4 T5 T6 17 T8

CLK ‘ i
|
\
-
i
‘ “‘-:“"‘-‘.-.
CQMMAND{ NOP >—<READA>—< NOP H NOP H NOP H NOP H NOP H NOP H NOP >,
T
|

[

DOM

i
|
|
\
\
|

DQ’s

DOUTAg | DOUT A4

A two clock delay before
the DQ’s become Hi-Z

5 Y or L7
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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 wail 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 (trp) 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 (tger) 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.
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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 maode 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)

10 T 12 13 T4 15 16 17 18
CLK l [} [ [\ A l [ | [ | L L
| | | | | | | | |
| 1 1 | | \ = ' '
CKE | \ \ | | | | ", Aoneclock delay 1o exit
., the Suspend command
| | | | e, A one clock delay before | | |
| | | | 4...A-.,.,‘_‘::,Asfuspend operalion starts ‘ £y |
COMMAND~< NOP >—< READ A >—< NOP >—< NOP >—’ ;—< NOP >—< NOP >~
| \ \ | | \ \ | |
: | \ \ /
DQ's | ‘ ‘ DOUT Ag DOUT Aq | pouT A

DOUT element at the DQ¥'s when the
suspend operalion siarls 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 T T2 T3 T4 T5 T6 T7
|
|
|

A

CLK i
| I
| !
CKE | |
| |
| | .,..‘...,_..A,':,:_‘suspend operation starts T |
i -
COMMAND< NOP >—<WRITEA>—< NOP >—< NOP > ¢ } \ NOP >—< NOP >—
| | | T
|

| \ | |
| | | | ’ | ‘ | |

DG's —y—< DIN Ag >—< DIN A4 >—< DIN Ao >4 »_< DIN Az >_,7

DIN is miasked during the Glock Susperid Period

T8
|
|
... Aone clock delay 1o exit
the Suspend command

4
|
|

A one clock deléy before | |

[
[
|
\
\
|

g "H” or *L”
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16Mb Synchronous Stacked DRAM

Command Truth Table (Notes: 1)

Function pro e vw ) RAS I GAS  WE S DQM P AT1 D A10 © AS-AO | Notes
i Previous : Current | 3 ; i ; ; : : ;

Cycle | Cycl

ode Register Set

uto (CBR) Refresh

T

T
>

T
>

Column

Column

T
>

H o | X

I: T
> i

T
>

>

ower Down Mode Exlt

1. All of the SDRAM operations are defined by states of CS, WE, RAS, CAS, and DQM at the positive rising edge of the clock. Only |
one deck can be operated at once, except during self refresh. ;

. 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.

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

5. The DQM has two functions for the data DQ Read and Write operations. During a Read cycle, when DQM goes high at a clock tlm—-ﬁ
ing the data outputs are disabled and become high impedance after a two clock delay. DQM also provides a data mask function for |
White cycles. When it aclivates, 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 perform 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. 1t CSis low, then when CKE retums high, no command is registered into the chip for one clack cycle.

W N
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Clock Enable (CKE) Truth Table

CKE
: Action

i
T

,_
T

;Exit Self Refresh with No Operation

—

T

—

T

LLEGAL
i Maintain Self Refresh

HINVALID

,_
T

-

—

T
>
>l

:
T
x

JLLEGAL

iMaintain Power Down Mode

,_
T
>
>

’_
—
>
>

H H X X ;
HH ........................... H ........................ )( Refor to the Idie State section of the
...................................................... .+ Gurrent State Truth Table

H H L

: I

+ .. H H
[ All Banks Idle i H L :
: s L ........... Refer Io the Idle State section of the -
; : Current State Truth Table
H L 3
H L Entry Self Refresh 4
H L Mode Register Set
L X

other than
i listed above :

xit Clock Suspend next cycle

i 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 (A11 - AQ) 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 (Notes: 1)

Command

Current State Action

ode“I‘:teglster éet et the tt/tode ~I‘:‘ieg|ster

éAuto or Selt Refresh 3Start Auto or Selt Refresh

OP Code

X recharge

Row Address i Bank Activate

Column rite w/o Pracharg

Column ead w/o Precharg

urst Termination

o Operation

evice Deselect

Idle

ode Reglster Set

Row Aclive

X Dewce Deselect

: ode Register Set
:Auto or Self Refresh :

{Precharge

Ftow Address; Bank Activate

Column rite

Column Read

urst Termlnatlon

o Operation

evice Deselect

Read

ontmue 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 itis anillegal action. i

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

4. The Cuwent State refers only refers to 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. !

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

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

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

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

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

. The command is illegal if the minimum bank to bank delay time (trpp) is not satisiied.
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Current State Truth Table (Continued) {Notes: 1)

: Gommand
i Current State e
: Description

i

Moﬁe Reglstei; Set
%Auto or Self Refresh

.
I

‘Precharge erminate Burst; Start the Precharge

ow Address | Bank Activate HLLEGAL

’_
T

White Column :Wnte erminate Burst; Start a new Write cycle

I: X
|

Column ;Read erminate Burst; Start the Read cycle

T

;Burst Termlnatlon ‘ erminate the Burst

TiT
T

:No Operation ontinue the Burst
;Device Deselect ontinue the Burst
Mode Reglster Set

Auto or Salf Rfrosh

>
>

—ir i
T i

3 Precharge

Bank Activate

,_
T

Read with Auto
Praecharge

I:IT: I
T:ir:r

Burst Termination

No Operation

T
T

{Device Deselect

:Mode Regisler Sel
%Auto or Self Refresh :

—ir i x
—ir X

; Precharge

Row Address Bank Activate

[
I:xT

“White with Auto :
i Precharge

T
-

Column :Wnte

e
—

: Golumn %Read

T
T

i Burst Termlnatlon

T
T

. CKE is assumed to be actlive (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 anillegal 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 Cumwent State refers only refers to 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 (tgas) must be satisfied.

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

8

9

0

. Column address A10 is used to determine if the Auto Precharge function is activated.
. The command must satisfy any bus contention, bus tum around, and/or write recovery requirements.
. The command is illegal if the minimum bank to bank delay time (trrp) is not satisfied.
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Current State Truth Table (Continued) {Notes: 1)

Gommand

Current Slale -

H Mode"hegister Set

: uto or Self Refres

Row Address :

Column

Precharging

urst Termination
X No Operation

evice Deselect

OP Code Mode Register Set

uto or Self Refres

recharge

Row Address

Column

Column

Row Actlvatlng

: No Operatlon

evlce Deselect

ode Reglster Set

uto or Self Refres

recharge

Row Address i

Write_ : : Golumn : tart Write; Determine if Auto Precharge i
Recovering H SO O — et sk A R £ e AR

Column tart Read; Determine if Auto Precharge :

o Operation; Row Active after tpp|

:N Operatlon No Operation; Row Active after tpp

4=

. 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 itis anillegal action. ';

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

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

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

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

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

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

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

. The command is illegal if the minimum bank to bank delay time (tzgp) is not satisfied.
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Current State Truth Table (Continued)

: Gommand
Current State :

wite b b M MBS [Row Address
Recovering Column
Wlth Auto B S
Precharge Column
Refreshing

Row Address :

‘Wiite

‘Read

Mode Reglster Column
i Accessing

Golumn

mand is being applied to.

iNo Operatlon

i Devlce Deseleci

(Notes: 1)

Description

Mode Reglste} Set

%Auto or Self Refresh

: Precharge

: iBank Aclivate

:Wnte

:Read

: Burst Termlnatlon

: Mode Reglster Set

{ Auto or Self Refresh

i Precharge

! Bank Actlvate

Bank Activate

:Burst Termination

No Operatlon Idle after two clock cycles

o Operation; IdIe after two cIock cycles

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

2. Both Banks must be idle otherwise it is anillegal action. ;

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

4. The Cumwent State refers only refers to 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 (tras) must be satisfied.

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

8. Column address A10 is used o determine if the Auto Precharge function is aclivated.

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

0. The command is |Ilegal if the minimum bank to bank delay time (tHRD) is not satlsfled

@IBM Corporation. All rights reserved. 77Ha9994
Use is further subject to the provisions at the end of this document. GA14-4778-00

Released 1/9/97
Page 32 of 98



IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Power Supply Voltage -1 0 to +4 6

:Power Supply Veltage for Output -1 .0 to +4.6

iInput Vollage -1.0t0+4.6

{Output Voltage -1.0to+4.6

: Operating Temperature (ambient)

0to+70

Storage Temperature

{Power Dissipation

{Short Clrcult Output Current

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a !
siress raling only and functional aperalion of the device al these or any cther condilions above those indicaled in the operalional |
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reli-
ability.

: Supply Voltage

i Supply Voltage for Output

: Input ngh Voltage

Input Low Voltage

nput Capacltance (AO Al 1)

Cp iInput Capacitance (RAS, CAS, WE, CS, CLK, CKE, DQM) i
. Co fOutput Capacitance (DQO - DQY)

33V

12000
V DC) =24V, loH = -2mA

Quiput ( >————— @ ®-=-===-=-= » OH (DC) OH
VoL (DG) = 04V, I = 2mA
8700 ___ 50pF
>
7T

DC Output Load Circuit
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Output Characteristics (Ta- 0to +70°C, Vpp= 3.3V  0.3V)

nput Leakage Current, any input
0.0V £ V£ 3.6V), All Other Pins Not Under Test = 0V

iOutput Leakage Current ) : :
lowy {{Doyr is disabled, 0.0V < Vgur < 3.6V) S L

iOulput Level (TTL)
Vo iQutput "H” Level Voltage {lout = -2.0mA) 2.4 vbDQ v 1
VoL iOulput Level (TTL) 1

Output “L” Level Voltage (IOUT = +2. OmA)

Parameter ; H iti ferterrenteenrintenrsetnereareraeearead ;

CKE £ V| (max), tck = Infinity

' CKE 2 Vyu(min), tox = 15ns
Input Change every 30ns

CKE z V|u{min), tge = Infinity
No Input Change

CKE = V| (max), fge = 15ns

{Precharge Standby Current in
iPower Down Mode

Precharge Standby Current in Non- :
Power Down Mode :

§Active Standby Curent in Power
:Down Mode

: CKE 2 Vjy(min), Lok = 15ns
Input Change every 30ns

. CKE 2 V,(min), tox = Infinity
No Input Change

CAS Latency =1
tre Z trelmin)

! : CAS Latency = 2
:Auto (CBR) Refresh Cuwent P locr i trg 2 tro{min)

EIAC“VE‘ Standby Current in Non-
:Power Down Mode

789,10 |

CAS Latency = 3
tRC = tRC(min)

1. Only one deck may be active at a time, except during self refresh.

2. Multiply the given planar (individual deck) values by 2.

3. This is the active portion only.The total stack current includes the Precharge Standby current of the inactive deck (IgceP + loiP).-
4. This is the active portion only. The total stack current includes the Precharge Standby current of the inactive deck (I;c2PS +

leciPS). :
5. This is the active portion only.The total stack current includes the Precharge Standby current of the inactive deck (IggeN + IgoyN).
6. Thisis the active portion only. The total stack cument includes the Precharge Standby current of the inactive deck {IccaNS+ ICmNS).i
7. This is the active portion only.The total stack current includes the Precharge Standby current of the inactive deck (Iccs + lcciNS). ;
8. The specified values are valid when addresses are changed no more than once during tg{min).
9. The specified values are valid when No Operation commands are registered on every rising clock edge during tgg{min).
0. The specified values are valid when data inputs {DQ's) are stable during tge(min).
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IBM03164B9C
16Mb Synchronous Stacked DRAM

Operating Currents (Ta= 010 +70°C, Vpp= 3.3V £ 0.3V)

Parameter

: . : trg=tac(min)
loos | Qreraling STl o Lodming
; : IO = 0mA

) trg = trg(min)
i Operating Current  : :

loce ; Burst Length = 2 ok 2 tox(min)
: i IO = 0mA

. tre = tag(min) : !

i Operaling Curent  : > ; : :

locz : BurstLength =4 lorc 2 Lodmin) 1284
: lg = 0mA ; i

. tre = tre(min)
: Operating Cumrent ¢ N :

locs : Burst Length = 8 R tox(min)
H IO =0mA

! tCK:?O ns
CL=1 g

iotag =
| tok=ssns §

i Potag =
. ¢ tge =Infinity ! teezi5ns G
i Operating Current - ; : _ ; CK ;
lceo Burst Length = Full Page: tCT -_tcgt(nnxn) ClL=2 the =
© : fok=18ns

I YR
P ofok=10ns

trg = e

: tok=12 ns i

1. The specified values are obtained with the output open.
2. The specified values are valid when addresses and DQ)’s are changed no more than once during tg(min). 3
3. This is the active portion only. The total stack cuwent includes the Precharge Standby cunent of the inactive deck (Operating Cur- |

vent+ lgeyN). !
4. 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.
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IBM03164B9C
16Mb Synchronous Stacked DRAM

Operating Currents (Tp= 010 +70°C, Vpp= 3.3V £ 0.3V)

Parameter

Operating Cuvrent

1-N Rule o

: i tre = Infinity

lceto { (Continuous Read/MWrite | tg 2 tox(min)
i cycles with new column | lo = OmA

: address registered each ;
clock cycle)

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

2. The specified values are valid when addresses and DQ's are changed no more than once during tek(min). :

3. This is the active portion only. The total stack current includes the Precharge Standby current of the inactive deck (Operating Cur-
rent+ lgoyN). :

4. The specified values are obtained when the programmed burst length is executed to completion without interruption by a subse-
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

AC Characteristics (Tp= 010 +70°C, Vpp= 3.3V 1 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. AG timing tests have V|_ = 0.8V and V|4 = 2.0V with the timing referenced to the 1.40V crossover point.

tr
/7 2.0V
Clock + + 1.4V
/] \ / 08V ity
t
SEV oL 500

Output

‘\ /1 A4V

50pF

il

tac - lox

AC Output Load Circuit

Output 1.4V

3. The Transition time is measured between V| and V| (or between V|_and V).

. AC measurements assume tr=1ns.

5. In addition to meeting the transition rate specification, the clock and CKE must transit between V|4 and V| (or between V| and V)
in a monotonic manner.

N

Clock and Clock Enable Parameters

Parameter

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

2. Access time is measured assuming a clock rise time of 1ns. If clock rise time is longer than 1ns, then (frise/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 ime exceeds 1ns, then other AC parameters under consideration
should be compensated by an additional [{irise+tfall)/2-1]ns. i
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IBM03164B9C
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Com mon Param eters

Parameter

Command Setup Time

Command Hold Time

Address and Bank Select Set-up Time

i Address and Bank Select Hold Time

RAS to CAS Delay

Bank Cycle Time

Active Command Period

Preoharge Tlme

Bank to Bank Delay Tlme

CAS to CAS Delay Time (Same Bank)

Parameter

elf Refresh Exit Time

1. 4096 cycles. i

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. :

3. Self Refresh Exit is a synchronous operation and begins on the 2nd pesitive clock edge after CKE returns high. Self Refresh Exlt
is not complete until a ime period equal to tRC is satisfied once the Self Refresh Exit command is registered. !

Parameter
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erte Cycle

Parameter

Data In Set-up Time

iData In Hold Time

Data input to Precharge

DQM White Mask Latency

Clock Frequency and Latency

Speed Sort

Symbol Parametler

»Clock Frequency

Glock Gycle Tlme

CAS Latency

{RAS to CAS Delay

: RAS Latency

Bank Cycle Time

Minimum Bank Actlive Time

: Precharge Time

Data In to Precharge

Data Int At e/Rf

Bank to Bank Delay Time

{CAS to CAS Delay Time

:Write Latency

EDQM Write Mask Latency

i DQM Data Disable Latency

: Clock Suspend Latency

77H9994 ©IBM Corporation. All rights reserved.
GA14-4778-00 Use is further subject to the provisions at the end of this document.

Released 1/9/97
Page 39 of 98



IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

Timing Diagrams Page
AC Parameters 1or WE TimINg ...t e et e et e e e ee e ee b e b e e e e eeaas 42
AC Parameters for Read Timing ...ttt r e s e e s see e e ee e e s e e e s s sa e e e e e eee e e e e e srnnrnnares 43
Y oTe L m T e L=< = SR 44
Power on Sequence and Auto Refresh (CBR).........ooiiiiiiiiis e 45
Clock Suspension During a Burst Read (Using CKE)

CAS LAENCY = 1 oo e e aen e en e aeans 46

CAS LALENCY = 2o ee e een e en e 47

CAS LAIENCY = Bt e et e e e 48
Clock Suspension During a Burst Write (Using CKE)

CAS LAlBNCY = 1 oottt b e e e e e e e e e s e e aeee s 49

CAS LAIENCY = 2ottt et et eeeeeee e e e e e eeetnen e e emeenn e 50

CAS LAIENCY = 3 o.oooe oottt ee e e et nn e 51
Power Down Mode and Clock SUSPENG ... e 52
AU REfresh {CBR) ....uviii e b e 53
Self Refresh (Entry and EXIit) oot r s e 54
Random Column Read (Page within same Bank)

CAS LATENCY = 1 oottt et ettt ee s et sttt ban s an e sat s sr et tetns 55

CAS LAENCY = 2o e e ee e een e e 56

CAS LALENCY = B oot ee e e e een e e en e aeaens 57
Random Column Write (Page within same Bank)

CAS LATENGCY = T ouviieeeteetetcee ettt ste sttt et s st ess e ee st stet st et et smtess st et easse s smss s sbeanearens s 58

CAS LALENCY = 2.ttt ettt eete st et stet s st ess e ee st stet st ata s smte st s bebetese s smss s sbemneatens s 59

CAS LAIENCY = B oottt e et e e eeeeeee et e et e et e tnan e eenen e 60
Random Row Read (Interleaving Banks)

CAS LABNCY = 1 oo e et e s sb e rbe e e e e e sr e e e s e s nrneaene s 61

CAS LAIENCY = 2 oot eeeeeeteeeteeteee e et s e s et saese st eaeses et s seee et e st s e e stetensstennsatestesseessnssese e 62

CAS LATBNCY = 3ot ieeeeeeeeeeeteee e e s e e et et st se e s ses et s seee st e et s e e s tete s stennsstestesaeesenaseseneis 63
Random Row Write (Interleaving Banks)

CAS LATENCY = 1 oottt et ettt ee s et sttt ban s an e sat s sr et tetns 64

CAS LAENCY = 2o e e ee e een e e 65

CAS LALENCY = B oot ee e e e een e e en e aeaens 66
Read And Write Cycle

CAS LATENGCY = T ouviieeeteetetcee ettt ste sttt et s st ess e ee st stet st et et smtess st et easse s smss s sbeanearens s 67

CAS LALENCY = 2.ttt ettt eete st et stet s st ess e ee st stet st ata s smte st s bebetese s smss s sbemneatens s 68

CAS LAIENCY = B oottt e et e e eeeeeee et e et e et e tnan e eenen e 69
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Timing Diagrams Page
Interleaved Column Read Cycle

CAS LAIENCY = 1 oeevietieetieteeseee e e et tste e tssese s s seas et s seee st sae bt ese b et ensstesenssaessnsseesssssesesresasen 70

CAS LAIENCY = 2.ecveeeeeteeteesieee e e e teeeseetssesseassmaeetsseee st saes bt e et etenssbesenssaessnsseesssssesenresenes 71

CAS LAIBNCY = 3 oeeveeeeeetieteesie st e e e teeestetssesssassessetsseee st sae bt saesbetensstesenssaessnsseesssssesesrnseses 72
Interleaved Column Write Cycle

CAS LAENCY = 1 oottt en e ee e ane e 73

CAS LALENCY = 2.t en e e e ne e e ee e 74

CAS LATENCY = B oot ee e 75
Auto Precharge after a Read Burst

CAS LALENCY = Toiriuiieeieicieeeecete st s et eet et se e bse st sae st se st esae st s s ennsse st et sets e annssentes st 76

CAS LAIENCY = 2.t et e e ee e et s e et enaneee e 77

CAS LAIENCY = 3ot ee et e e e e e 78
Auto Precharge after a Write Burst
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C Parameters for Write Timing Burst Length = 4, CAS Latency = 2

™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21

|Tu

T6 | 17

T9 |T10 |T11

T22 |
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: : : : Bank A ; : Bank B 3 ;
[€3
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\11(BS)
A10
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DQM
—pie— trp —pie—TRRD—i
DQ - — — = —i— — { a0 XA Y ae X aa Y eo Y e Y e X paXao¥a X ap ¥ ap b im — — = —i— 4 — i~
Activate Write with Activate Write with Activate Write Precﬁarge Activate Aciivate
Command Auto Precharge Command Aulo 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



C Parameters for Read Timing
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| T7 T8

-

Burst Length = 2, CAS Latency = 2
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ywer on Sequence and Auto Refresh (CBR)

CLK

 High level | 2 Glock min.
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ock Suspension During Burst Read (Using CKE) (1 of 3) Burst Length = 4, CAS Latency = 1

| TO ™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

T6 | 17

T9 |T10 |T11

ok
CKE
[
RAS
CAS
WE
\11(BS)
A10
AO- A9
DGM
DQ
CAcli\:.ra1ed : i : i
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BankA oy Cg G ae *3 Cyclos
Read
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Bank A
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ock Suspension During Burst Read (Using CKE) (2 of 3) Burst Length = 4, CAS Latency = 2

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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me X = i el Rk ol L
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ock Suspension During Burst Read (Using CKE) (3 of 3) Burst Length = 4, CAS Latency = 3

™ T2 T3 T4 T8 T12 T3 |T14 |T15

| TO T16
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ock Suspension During Burst Write (Using CKE) (1 of 3) Burst Length = 4, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

Cﬁﬁiﬁgﬁd ECIock Suspend Clock Suspend Clock éuspend
Bank A 1 Cycle 2 Cycles 3 Cycles
Write
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Bank A
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ock Suspension During Burst Write (Using CKE) (2 of 3) Burst Length = 4, CAS Latency = 2

™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21

| To T22
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T9 |T10 |T11
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ock Suspension During Burst Write (Using CKE) (3 of 3) Burst Length = 4, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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Cj(\)(r::]%a;ﬁd :EC|OCk éuspend Clockéuspend Clock éuspend
Bank A : 1 Gycle 2 Gycles 3 Gycles
Write
Command

Bank A
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ywer Down Mode and Clock Suspend Burst Length = 4, CAS Latency = 2
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2|f Refresh (Entry and Exit) ***Note: The CLK sighal must be reestablished prior to CKE returning high.

™

CLK |||||||,

| To T2 T3 T4 Tm+2 |Tm+3 [Tm+4 | Tm+5|Tm+6 |Tm+7 [Tm+8|Tm+9 Tm+18

| Tm | Tm+1
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Tm+13|Tm+14
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§ [
1
CAS Ak
| |
WE /X
|
L
\11(BS)
|
INfomunee s
T
|
A0 - AS

DGM
DQ
I
All Banks Self Refresh ' Begin Seff Refresh Exit
must be idle Entry : :
Self Refresh Self Refresh

Exit Command Exit
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andom Column Read (Page within same Bank) (1 of 3) Burst Length = 4, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

Dok
—

S It ol 0, 0, C0 00, C G, C0, 00 T\ C gy ah b o

Activate Read Read Precﬁarge Read
Command Command Command Command i Gommand
Bank A Bank A Bank A BankA | BankA

Read Activate
Command Command
Bank A Bank A
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andom Column Read (Page within same Bank) (2 of 3) Burst Length = 4, CAS Latency = 2

| To |1 |12 |13 [Ts [ 15 |76 | 7 | T8 | To | Ti0 | Ti1 (T2 [ T3 |T1a |15 [T16 | T17 |T1s |T1o | T2o | T21 [T22
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el H H H H H H H
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andom Column Read (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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andom Column Write (Page within same Bank) (1 of 3)

| TO ™ T2 T3 T4 T5

T6 | 17

CLK

ok
—

T8

T9 |T10 |T11

T12

T13

T14

T15

T16

Burst Length = 4, CAS Latency = 1
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Hi-Z |
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L - - NN NN -

-



andom Column Write (Page within same Bank) (2 of 3) Burst Length = 4, CAS Latency = 2

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

A\  F 7 % T\ 7 ¥ A ] A [ 7
RAS s S § X 4 X F X ) R 3 A L r B )
) Y f % 4 X 4§ X 5 W | s N J X
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CAS §f ¥ L W A 1 f \
¥y X I | 3 L ) W '} X i X AL
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andom Column Write (Page within same Bank) (3 of 3) Burst Length = 4, CAS Latency = 3

™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22
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-—

|Tu

T9 |T10 |T11

T6 | 17
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andom Row Read (Interleaving Banks) (1 of 3) Burst Length = 8, CAS Latency = 1
| TO | T |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T17 |T18 |T19 |T20 |T21 |T22 |

Dok
—

Aclivate | Activate PrecFlarge Read Precharge
Command | Command i Command Command Command
BankB BankA i BankB Bank B Bank A

Read Read Activate

Command Command Command
Bank B Bank A BankB



andom Row Read (Interleaving Banks) (2 of 3)

|Tu

™ T2

T3

T4

T6 | 17

T8

T9 |T10 |T11

T12

T13

T14

T15

T16

Burst Length = 8, CAS Latency = 2
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Read
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Read
Command
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Activate
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Bank B
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andom Row Read (Interleaving Banks) (3 of 3) Burst Length = 8, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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—
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andom Row Write (Interleaving Banks) (1 of 3) Burst Length - 8, CAS Latency - 1

™ T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

ok
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T6 | 17
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Bank A BankB Bank A Bank B Bank A

Write Write Activate
Command Command Command
Bank A Bank B Bank A
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andom Row Write (Interleaving Banks) (2 of 3) Burst Length = 8, CAS Latency = 2
| TO | T |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T17 |T18 |T19 |T20 |T21 |T22 |

CLK

CKE

RAS

o 3 i R! J \ F 3§ ) A / \
' 1 \ ! I3 A Y X
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DGM ReD | | i i : : e 0 tge 3 3 ; e ; ; ;
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Actlivate Wrile Activate Write | Activate Write H
Command Command Command Gommand : Command Command
Bank A Bank A Bank B BankB | Bank A Bank A
Precharge Precharge
Command Command

Bank A

Bank B
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andom Row Write (Interleaving Banks) (3 of 3) Burst Length - 8, CAS Latency - 3

™ T2 T3 T4 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

|Tu

T6 | 17

T9 |T10 |T11

DQM _ s e
Hi-Z | : ; : : ‘ ‘ ‘ ‘ : : 1 : : : : : : : : :
DA == — — — —(owYomryomaoacRDaxDASKDRK XD aX DK X <X Dse e} 0xoX DX DAY DAy KA )
Activate Write Activate Write Precharge Activate Write Precharge
Command Command Gommand Gommand Command Command Command Command

Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B



ead and Write Cycle (1 of 3) Burst Length = 4, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

ok
-—

Activate Wfite The Write Data Read The Read Data

Command Command is Masked witha Command is Masked with a
Bank A Bank A Zero Clock Bank A TuLto Clock
Read Latency alency
Command

Bank A
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sad and Write Cycle (2 of 3) Burst Length - 4, CAS Latency - 2

| TO ™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

T6 | 17

T9 |T10 |T11

: : : | | ; : : : : ; ; : : : : ; ; ; ; ; ; ;

RAS

\11(BS)

A10

AQ- A9

DAM

DQ

Activate Read Write  The Write Data Read _The Read Data
Command  Command Gommand is Masked with a GCommand is Masked with a
Bank A Bank A Bank A Zero Clock Bank A Two Clock
Latency Latency



ead and Write Cycle (3 of 3) Burst Length = 4, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

RAS ‘.n l%! 1%\ JEI

CAS

\11(BS)

A10

AQ - A9

DAM

Ami;rate Read Write The Write Data Read The Read Data
Command Command Command is Masked with a Command is Masked with a
Bank A Bank A Bank A Zero Clock Bank A Two Clock

Latency Latency

-



terleaved Column Read Cycle (1 of 3) Burst Length = 4, CAS Latency - 1

| TO ™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

T6 | 17

T9 |T10 |T11
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\11(BS)

A10

AQ- A9

i tropi tact |

DaM e e

Activate ! Activate | Read Read Read Read Precﬁarge P recﬁarge
Command Command Command Command Command Command Command Command
Bank A ! BarkB Bank B Bank B Bank A Bank B Bank A Bank B

Read Read
Command Command
Bank A Bank B

-
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terleaved Column Read Cycle (2 of 3) Burst Length = 4, CAS Latency = 2

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

RAS ‘é.n 15! \il 1§r riw 1§| l%l r

B H e L B i ' \ [ 3 J s A 2 ; A :
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terleaved Column Read Cycle (3 of 3) Burst Length - 4, CAS Latency - 3

| TO ™ T2 T3 T4 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22
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terleaved Column Write Cycle (1 of 3) Burst Length = 4, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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terleaved Column Write Cycle (2 of 3) Burst Length - 4, CAS Latency - 2
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terleaved Column Write Cycle (3 of 3) Burst Length = 4, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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ito Precharge after Read Burst (1 of 3) Burst Length = 4, CAS Latency - 1
| To ™ T2 T3 T4 T5 T6 |T7 T8 T9 |T10 |T11 T12 Ti3 T14 T15 T16 T17 Ti8 T19 T20 T21 T22

CKE High ! Start Auto Precharge Starl Auto Precharge Start Auto Préchargel
: i Bank B i Bank A ; Bank B
[
RAS
CAS
WE
\11(BS)
A10
AOD - A8
DQM : i i | | i i | | | | 3 : : i i i i i
HiZ H : : 1 : : : : : : : : : : H H H H H H
DQ == — — {0 e Y wsz Y o X0 Mot X o2 Y o X o X ast Kave X asa j ovo X ot X o2 o3} — { o0 o X o2 K0 ) =
Aciivate Aclivale | i Activate Reac; with Aclivate |
Command Command i Gommand Auto Precharge Gommand
Bank A BankB ¢ BankB Command BankB
: Read with Read with Bank B Read with
Read Auto Precharge Auto Precharge Auto Precharge
Command Command Command Command

Bank A Bank B Bank A Bank B



-

ito Precharge after Read Burst (2 of 3) Burst Length = 4, CAS Latency = 2
| TO | T | T2 | T3 | T4 | T5 |T6 | T7 | T8 | T9 |T10 | Ti11 |T12 | T3 |T14 |T15 | T16 | T17 |T18 |T19 | T20 | T21 |T22 |
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ito Precharge after Read Burst (3 of 3) Burst Length - 4, CAS Latency - 3

| TO ™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

T6 | 17
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ito Precharge after Write Burst (1 of 3) Burst Length = 4, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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Ato Precharge after Write Burst (2 of 3) Burst Length - 4, CAS Latency - 2

| TO ™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22

T6 | 17

T9 |T10 |T11
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ito Precharge after Write Burst (3 of 3) Burst Length = 4, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

i toks
—

CKE  High ! ‘ Start Auto Precharge ! Start Auto Precharge
: : : ‘ ‘ i i : | ! : : : BankB : Bank A

Hiz ; ; : : ; ; ; ; : : : : : : : :
o 12— - - AN EENEN IR - - - - EIENENE)- - -

N Activate Write with Write with N Wirite with
Activate i Command Auto Precharge Auto Precharge Activate Aulo Precharge
Command ¢ g Command
Bank A ; ank B Command Command Bank B Command
; Bank B Bank A Bank B
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iIll Page Read Cycle (1 of 3) Burst Length = Full Page, CAS Latency = 1

™ T2 T3 T4 T5 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20
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BankA : BankB The burst counter wraps  , BaKB  Fyl page burst operation does not ¢ ban :
Read from the highest order terminate when the burst length is satisfied; # Activate
Command page address backto zero ™. the burst counter increments and continues  Burst Stop  Command

Bank A during this time interval. e bursting beginning with the starting address. Command Bank B
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iIll Page Read Cycle (2 of 3) Burst Length = Full Page, CAS Latency = 2

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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Bank A Bank A Bank B The burst counter wraps the burst counter increments and continues :  Bank B Bank B
from the highest order bursting beginning with the starling address. :
page address back 1o zero Burst Stop

during this time interval. Command



iIll Page Read Cycle (3 of 3) Burst Length = Full Page, CAS Latency = 3

™ T3 T4 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22
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i ‘ Read terminate when the length is i :

Activate Read Activate Gommand . _jisfied; the burst cour?ler ; Precharge Aclivate
Command Gommand  Gommand : BankB i srements and confinues ; Gommand Command
Bank A Bank A Bank B The burst counter wraps  bursting beginning with i BankB Bank B

from the highest order the starting address. :
page address back to zero Burst Stop

during this time interval. Command



i1ll Page Write Cycle (1 of 3) Burst Length = Full Page, CAS Latency = 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |

Aclivate

: Prech ; Page Length:
Activate : CGommand Datais ignored. i Frecharge . 2Mb x 41/0 x 2 Banks = 1024
Command ; BankB . ~., BankB _ ¢ Gommand 1Mb x 8/0 x 2 Banks = 512
Bank A The burst counter wraps Full Page burst operation does not BankB
3 from the highest order terminate when the burst length is satisfied; ] Ac .
Write page address back 1o zero . the burst counter increments and continues Burst Sto c tlvaled
Cg;ﬂf&'d during this time interval. * bursting beginning with the starting address. B omman

Gommand Bank B



iIll Page Write Cycle (2 of 3) Burst Length = Full Page, CAS Latency = 2

T20 | T21 T22

™ T2 T3 T4 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19
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from ”‘g dhlghets;t oﬁer “_ ferminate when the burst length is safisfied; i
page accress back 10 2ero the burst counter increments and contines ~ Burst Stop

during this time interval. bursting beginning with the starting address.  Command



i1ll Page Write Cycle (3 of 3)
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DAM

DQ

Burst Length = Full Page, CAS Latency = 3

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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Command Command Bank B ... BankB terminate when the lengthis ¢ Command Command
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urst Read and Single Write Operation Burst Length = 4, CAS Latency = 2
| To | ™™ |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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ill Page Burst Read and Single Write Operation Burst Length = Full Page, CAS Latency = 3
| To | T |T2 |T3 |T4 | T5 |T6 |T7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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andom Row Read (Interleaving Banks) Burst Length = 2, CAS Latency - 1

| TO ™ T2 T3 T4 T5 T6 | T7 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22
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o
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with Auto with Auto with Auto with Auto with Auto with Auto with Auto with Auto with Auto with Auto with Auto
Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge Precharge




-

ill Page Random Column Read Burst Length = Full Page, CAS Latency = 2

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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iIll Page Random Column Write Burst Length = Full Page, CAS Latency = 2

| To T T2 T3 T4 T5 T6 | T7 T8 T9 | T10 | T11 T12 T13 T14 T15 T16 Ti7 Ti8 T19 Tz0 T21 T22
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-echarge Termination of a Burst (1 of 3) Burst Length - Full Page, CAS Latency - 1

| TO | T |T2 |T3 |T4 | T5 |T6 |-|-7 |T8 |T9 |T10 |T11 |T12 |T13 |T14 |T15 |T16 |T1T |T18 |T19 |T20 |T21 |T22 |
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-echarge Termination of a Burst (2 of 3) Burst Length = 8 or Full Page, CAS Latency = 2

™ T2 T3 T4 T8 T12 T13 |T14 |T15 T16 T17 |T18 |T19 T20 | T21 T22
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... Precharge Termination ...
of a Read Burst.



-echarge Termination of a Burst (3 of 3) Burst Length = 4,8 or Full Page, CAS Latency = 3
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i toks
-—

s VaaVamnVamal VamaV,
CAS

-
=
-
]
-.
o
o
-~
<
e

-
-
-
<
.
=
v
i
o~
=
-

A10

AQ - A9

DAM

o ML

Activate Wite Precharge . Activate Read Precharge Activate
GCommand Command ¥ Command % Gommand Command Command Command
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5 Function (Only CS signal needs to be asserted at minimum rate) at 100MHz Burst Length = 4, CAS Latency = 3
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IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

PACKAGE DIMENSIONS (400mil; 44 lead; 2 High Stack; Thin Small Outline J Lead Package)
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NOTE: All dimensions are in millimeters; Package Diagrams are not drawn to scale.
77HO994 GIBM Corporation. All rights reserved.
GA14-4778-00 Use is further subject to the provisions at the end of this document.

Released 1/9/97
Page 97 of 98



IBM03168BSC
IBM03164B9C
16Mb Synchronous Stacked DRAM

@IBM Corporation. All rights reserved. 77Ha9994
Use is further subject to the provisions at the end of this document. GA14-4778-00
Released 1/9/97

Page 98 of 98



