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Preliminary (1Mx16, -80; -360)

IBM0316409C

IBM0316809C IBM0316169C

IBM03164B9C

16Mb Synchronous DRAM-Die Revision D

Features

+ High Performance:

+ 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

IBM’'s 0316409C, 0316809C, and 0316169C
are dual bank Synchronous DRAMs organized as
2Mbit x 4 1/O x 2 Bank, 1Mbit x 8 I/O x 2 Bank, and
512Kbit x 16 /O x 2 Bank, respectively. These
devices support LVTTL /O interface levels. A
stacked version of the x 4 component is also
offered. These synchronous devices achieve high
speed data transfer rates of up to 125 MHz. The
chip is fabricated with IBM’s advanced 16Mbit
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 inpul/output circuits are
synchronized with the positive edge of an externally
supplied clock (CLK).

Internal chip operating modes are defined by
combinations of RAS, CAS, WE, and TS and a com-
mand decoder initiales the necessary timings for
each operation. A twelve bit address bus accepts
address data in the conventional RAS/CAS multi-
plexing slyle. Eleven row addresses {A0-A10) and a
bank select address (A11) are strobed with RAS.
Ten column addresses (A0-A9) plus A10 and a bank
select address (A11) are strobed with CAS. Column

+ 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), Self Refresh (SR)

+ 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

+ Supporls LVTTL /O interface

+ Package: 44 pin 400 mil TSOP-Type Il (x4,x8)
50 pin 400 mil TSOP-Type Il (x16)
2-High Stack TSOJ

address A9 is dropped on the x8 device and column
addresses A8 and A9 are dropped on the x16
device. Access 1o the lower or upper DRAM in a
stacked device 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 A0-A11
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
125 MHz is possible depending on burst length,
CAS latency, and speed grade of the device.

Auto Refresh (CBR) and Self Refresh (SR)
operation are supported. Refreshing both decks of a
stacked device simultaneously is allowed during
Self Refresh but all other stacked device operations
must be performed on a single deck at a time.
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IBM0316409C IBM0316809C |IBM0316169C
IBM03164B9C
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16

Pin Assignments for Planar Components (Top View)

VDD ] 1 44 ] Vss vDD 1 44 1 Vgg vDD ] 1 O 50 ] Vss
NG [ 2 431 NG DQO [ 2 43 ] DQ7 Do 2 49 ] DQ15
V8SQ ] 3 42 v88Q vssQ s 42 ] V858G DGl 3 48 ] DQ14
DQo [ 4 41 1 DQ3 DQ1 [ 4 41 ] DQs6 V8SQ [ 4 47 [ v8sQ
vDDQ [ 5 400 VDDQ VDDQ [ 5 40 ] vDDQ G2 05 46 [] DQ13
NC [ e 331 NC DQ2 O s 39 [ DQ5 pQ3 Oe 45 1 DQ12
vssQ [l 7 3g[vssQ vssQ([]7 38 [1 v8SQ vDDQ [ 7 44 1 VvDDQ
DQ1 e 37 [1 bz DQ3 [ 8 37 1 bQ4 DQ4 [ 8 43 1 DQ11
vDDQ [ 9 360 vDDQ vDDQ [ 9 36 [1 vDDQ DQ5 [ 9 42 [1 DQ10
NC ] 10 35[0 NC NC [] 10 35[0 NC V8SQ [] 10 41 1 v8SQ
NC [ 11 34 [1 NC NC [] 11 34 1 NC DQe O 11 40 [ DQY
WE 12 330 DQM WE 12 33 0 bQm DQ7 412 390 DQ8
CAS [] 13 32[] CLK CAS [] 13 32 [l CLK vDDQ [] 13 38 [1 vDDQ
RAS [ 14 31 [1 CKE RAS [] 14 31 1 CKE LDQM [ 14 87 [0 NC
cs 15 301 NC s 15 30 1 NC WE [ 15 36 [1 UDQM
A11(BS) [] 16 29 [1 A9 A11(BS) ] 18 29 1 A9 CAS ] 18 351 GLK
A0 Q17 28 1 A8 Ao [ 17 28 [1 A8 RAS [ 17 34 [1 CKE
A0 [] 18 27 [1 A7 A0 [] 18 270 A7 Cs5 [ 18 33 [] NG
Al 19 26 [] A6 Al 19 26 [] A8 A11(BS) [ 19 32 ] A9
A2 [] 20 2500 A A2 [] 20 2500 A5 A10 [] 20 3101 A8
A3 [] 21 24 [1 A4 A3 [] 21 24 [1 a4 Ao [ 21 301 A7
vDD 22 23 01 Vsg vDD [ 22 23 [1 Vgg Al 22 29 1 A8
A2 [ 23 28 [1 A5
A3 [ 24 27 [ A4
VDD ] 25 26 [] Vgg
44-pin Plastic TSOP(Il) 400 mil 44-pin Plastic TSOP(II) 400 mil 50-pin Plastic TSOP(Il) 400 mil
2Mbit x 4 1O x 2 Bank 1Mbit x 8 IO x 2 Bank 512Kbit x 16 I/O x 2 Bank
IBM0316409CT3 IBM0316809CT3 IBM0316169CT3

Pin Description

Ground for DQs

No Connection
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Pin Assignments for 2-High Stack Package (Dual CS Pins) (Top View)

vDbD O 1 44 N Vsg
NC [ 2 43 1 NC
vssQ [ 3 42 [1 V8sQ
DQo [] 4 41 [1 DQ3
vDDQ [ 5 40 [1 vDDQ
NC Oe 39 1 NC
vSSQ ] 7 38 [1 Vv8SQ
DQ1 8 37 1 bQz
vDDQ [ 9 36 [1 vDhDQ
NC [ 10 35[0 NC
NG [ 11 34 [1 NC
WE 12 33 0 DQM
CAS [] 13 82 [1 CLK
RAS [] 14 31 [1 CKE
*CSO/NC [ 15 30 [1 NC/CS1*
A11(BS) [] 186 29 1 A9
Ao [ 17 28 1 A8
Ao [] 18 27 [0 A7
Al [] 19 26 [] A8
A2 [ 20 250 A5
A3 [] 21 24 [1 A4
vDD ] 22 23 1 Vgg

44-pin Plastic TSOJ(Il) 400 mil

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

C30 selects the lower DRAM in the stack
C31 selects the upper DRAM in the stack

*
*

Pin Description

' CLK : Clock Input DQo-DQ3 : Data Input/Output !
: .................. CKE ......................... C|OCkEnab|e DQM ........................... DataMaSk
: .............. csu,mCh,deect ................................ VDD .......................................... power(+33\/)
m .................................... ROWAddeSStmbe ......................... VSS ................................................. G mund
m ................................. CommnAddreSSStmbe .................... v DDQ .................................. PowerforDO3(+33V) .................
WE ............................................ WnteEnab|e ............................. v Sso ........................................ G roundforDQS
: .............. A”(BS) ........................................ Bankselect ................................. NC ............................................ N OCOnneCt,m
AnAmAddeSInpmS A S R 7
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IBM03164B9C -
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

Input/Output Functional Description

Function

iThe system clock inpul. All of the SDRAM inputs are sampled on the rising edge of the}
iclock. §

: clivates the CLK signal when high and deactivates the CLK signal when low. By deac! |
ivaling the clock, CKE low iniliates the Power Down mode, Suspend mode, or the Sell;

:CS (GS0, GS1 for stacked devices) enables the command decoder when low and disables%
the command decoder when high. When the command decoder is disabled, new com-:
imands are ignored bul previous operations continue. i

{When sampled at the positive rising edge of the clock, CAS, RAS, and WE define thei
ioperalion lo be executed by the SDRAM. i

: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 (RAO-RA1 0)%
iwhen sampled at the rising clock edge.
§During a Read or Write command cycle, A0-A9 defines the column address (CAO—CA9)§
:when sampled al the rising clock edge.
§A1O is used to invoke Auto-Precharge operation. If A10 is high, Auto-Precharge is%
gselected and A11 defines the bank to be precharged (low=bank A, high=bank B). If A10 is%
low, Auto-Precharge is disabled. :

A0 - A10 Input Level —

;During a Precharge command cycle, A10 is used in conjunction with A11 to control whichg
ibank(s) to precharge. If A10 is high, both bank A and bank B will be precharged regardlessj

i Level — ?Data Input/Output pins operate in the same manner as on conventional DRAMs.

:The DQ mask (DQM) places the DQ buffers in a high impedance state when sampled%
: : i ;high. In Read mode, DQM has a latency of two clock cycles and controls the output buh‘ersi
i Input i Pulse ?Active Low i consistent with an output enable. In Write mode, DQM has a latency of zero and operates:
i i : ias a word mask by allowing input data to be written if it is low but blocks the write opera- |
tfion if DQM is high. :

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

o ?Isolated power supply and ground for the output buffers to provide improved noise immufi

inity. :

@IBM Corporation. All rights reserved. 08J3348.E35853
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Preliminary (1Mx16 -80; -360) 16Mb Synchronous DRAM-Die Revision D

IBM0316409CT3D-80 400mil Type Il TSOP-44

IBM0316409CT3D-10 400mil Type Il TSOP-44

IBM0316809C.T3D 80 400m|l Type II TSOP 44

|B|V|031 BBOQGTSD 360 400m|| Type || TSOP744

IBM0316809CT3D-10 400mil Type Il TSOP-44

IBM0316163CT30D-80 23 400m|| Type || TSOP 50

IBM0316163CT3D-10 1,23 400m|| Type Il TSOP*5O

IBM0O3164B9CT3D- 10

08J3348.E35853 ©IBM Corporation. All rights reserved.
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IBM03164B9C -
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

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

== '
1
1
o 3
g g T B
ol 1N 2048 x 1024
§ 2048 Memary Bank A
Q
CKE —| CKE Bufler -ﬂ =
Uit
Row = ]
Address ‘ 1
Counter Sense Amplifiers
Bank A N
Row/Column Column Decoder and DQ Gate
CLK —| cLK Buffer "‘ Select L
o
] 1
3 11 Pretdecode A
T pressonce L
Al — 3 Sequential g
A2 — - /‘T ————————— | Control 5
A3 —= & Bank A 2 —=DQO
Al —= & g -DQ1
A5 - £ — T :
§ ¢ -DQ2
AG — o 8 =}
A7 —| 2 g —DQ3
A8 —= & 2 11 >‘Mode Register P
Ag I E T 5 g
A1Q —~ —
A11 (BS) —L_
- Sequential
= L | Control
CS— 3, BankE s
RAS ] Bank B =
‘ ] RowColurmn ? Column Decoder and DQ Gate
[£]
& Select LI
[ E Sense Amplifiers
£ m
E
8 1] ji} |
=]
g
] 2048 Memory Bank B
L 2048 x 1024
=
|5
= |
]
I
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Block Diagram (1Mbit x 8 1/O0 x 2 Bank)

IBMO316409C

IBMO0316809C

IBM0O316169C
IBM03164B9C

CKE —| oKE Butfer ‘T
|

CLK —= CLK Butfer

AD —=
Al —»
A2 —=
A3 —~
A4 —
AL —
AB —=
A7 —=

Self
Refresh Clock

Row
Address
Counter

2048 x 512
Memory Bank A

Sense Amplifiers

==+DQO
—DQ1
—DQ2

Bank A
Row/Column Column Decoder and DQ CGate
Select P
5 {{{
Sequential ||| | Data Latches
Gontrol ra
=
Bank A 8

|

A8 —~

Address Bulfers (12}

A9 —»
A1) —=

0
Al1(BS)

CS—=| cs Buffer

DQM Buffer

08J3348.C35853
GA15-5285-05
3/98

Command Decoder

11 >‘Mode Register

f

Bank B
Row/Column

Select

0
e

—DQ3
—DQ4
—DQ5
—DQ6
—DQ7

Data Input/Output Buffers

Sequential
s Control
3 Bank B 8 Data Latches
8
-
78
Column Decoder ang DQ Gate
Sense Amplifiers
“ls —
o
)
gl
3 2048 Memary Bank B
B A 2048 x 512
z
[=)
" —i
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IBM0316409C
IBM03164B9C

16Mb Synchronous DRAM-Die Revision D

IBM0316809C

IBM0316169C

Block Diagram (512Kbit x 16 1/O x 2 Bank)

CKE —| oKE Butfer

1800087 MOY

2048 x 256
Memory Bank A

<~DQO
—DQ1
—~DQ2
—DQ3
—DQ4
—DQ5
—DQ6
—DQ7
—DQ8
—-DQ9
—~DQ10
—DQ11
—DQ12
—DQ13

Data Input’Output Buffers

—DQ14

—DQ15

) A I S Self
Refresh Clock
1
————————— a
Row
Address 16 s
Counter Sense Amplifiers
Bank A
Row/Calurmn Column Decoder and DQ Gate
CLK —=| cLK Butfer |« Select .
16
AQ M
Al " Sequential
A2 — V' Gontrol
N——
A3 —= & Bank A
A4 " ®
A5 —~ & — X
A6 — 3
A7 — &
AB —= g 12 11_ ;{Mode Register
A1Q — —
Al1 (BS) —L_|
— Sequential
~c Contral
CS—=| cs Bufter Bank B

RAS —=| BAS Buffer

CAS——|Tas

—

UDGM DQM Buffer [—
DQM Buifer

LDQM

L]

e

|
o

Buffer

Command Decoder

-
Bank B 16

Row/Column GColumn Decoder and DQ Gate
Select

Bufier

Sense Amplifiers

Row Decoder

Memory Bank B
2048 x 2568
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Preliminary (1Mx16, -80; -360) 16Mb Synchronous DRAM-Die Revision D
Block Diagram (2Mbit x 4 1/O x 2 Bank) x 2-High
CS0 —
CS1 —
CKE —=
CLK —
A10-AQ — o
A11(BS) ™ 2Mb x 41/0 x 2 Bank L DOR
BAS — ! DQ3
GAS — !
WE —=
DQM —*
osJasde Esesss SIBM Corporation. Al rights reserved.
GA15-5285-05 Use is further subject to the provisions at the end of this document.

3/98
Page 9 of 120



IBM0316409C IBM0316809C IBM0316169C
IBM03164B8C
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

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 user’s 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. 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 1o 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.
Contents 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 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

CAS latency is a parameter that is used to define the delay from when a Read Command is registered on a
rising clock edge to when the data from that Read Command becomes available at the outputs. CAS latency
is expressed in terms of clock cycles and can be programmed 1o a value of 1, 2, or 3 cycles. The value of
CAS latency is determined by the speed grade of the device and the clock frequency that is used in the appli-
cation. 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 Programming the Mode Register in the previous section.

@IBM Corporation. All rights reserved. 08J3348.E35853
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Mode Register Operation (Address Input For Mode Set)

BS | A1D | A9 A8 A7 A6 A5 A4 A3 Az | A A0D | Address Bus (Ax)

Operation Mode AS Latency BT Burst Length Mode Register (Mx)
Operation Mode Burst Type

Sequential

Interleave

0 0 1
foi1io >
o1 i1 3

1 i 0 : 0 | Resewed
{411 0 i1 | Reserved | L1 ‘ :ReservediReservedE

1 {1 i 0 { Resered ! i : Reserved ; Reserved |

P11 {1 | Resewed : Pt ‘ ‘ iReserved?ReservedE

Full Page Reserved

08J3348.E35853 ©IBM Corporation. All rights reserved.
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IBM0316409C IBM0316809C IBM0316169C
IBM03164B8C
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

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 A0 - 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 made 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

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

x4 organization (CAQ0-CA9); Page Length = 1024 bits
x8 organization (CAQ-CAB8); Page Length = 512 bits
x16 organization (CAO-CA7); Page Length = 256 bits

@IBM Corporation. All rights reserved. 08J3348.E35853
Use is further subject to the provisions at the end of this document. GA1 5*5282}83
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Preliminary (1Mx16 -80; -360) 16Mb Synchronous DRAM-Die Revision D

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, A11 (sometimes referred 1o as BS), is used lo selecl 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 to determine which row to activate in the selected bank. Only banks A and B within a single
deck of a 2-High stacked device can be accessed. Simultaneous operation of both decks in a stacked device
is not allowed, except during Self Refresh.

The Bank Activale 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 (trep). 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 (irc). The minimum time interval between interleaved Bank Activate commands (Bank A to Bank B
and vice versa) is the Bank to Bank delay time {tgrpp).

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

TO T T2 T3 Tn Tn+1 Tn+2
S S U Y T U
I [ [ I [ [ I
\ \ | / | \ \ \  / | \
Bank A y Bank A Bank B Bank A
ADDRESS { Row Addr. /4 - \ Col. Addr. % """"" % Row Addr. / \ Row Addr. /
[ [
| RAS-CAS delay (tRCD) | 1HAS RAS delay time (tRRD) | |

Bank A Wite A Bank B Bank A
COM MAND{ A clivate H NOP H NOP H Bf;gé ﬁ:ﬁge ---------- Aclivale NOP Activate NOP
I

RAS Cycle time (tge)

*H” or L7

08J3348.E35853 ©IBM Corporation. All rights reserved.
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IBM0316409C IBM0316809C IBM0316169C
IBM03164B8C
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

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 d%{ (trep). 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 125 MHz. 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 the page length is divided into 256 uniquely
addressable boundary segments (4-bits each). A 4-bit burst operation will occur entirely from one of the 256
groups beginning with the column address supplied to the device during the Read or Write Command (CAD-
CA9). The second, third, and fourth access will also occur within this group segment, however, the burst
order is a function of the starting address, the burst sequence, and burst boundary.

The above discussion does not apply when full page burst is programmed into the Mode Register. Full page
burst operation is only allowed for the sequential burst sequence and has no address boundaries. The
SDRAM device will cantinue bursting data even after all locations of the page have been accessed. The burst
sequence will start at the column address defined during the read or write cycle and will increment seguen-
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 1o the bursting bank, or until a new Read or Write
Command is issued.

Similar to Page Mode of conventional DRAMSs, a read or write cycle can not begin until the sense amplifiers
latch the selected row address information. The refresh period (1ger) 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 o
be accessed again. To perform a read or write cycle 1o 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 dala
access operation among many different pages can be realized. When the two banks are aclivated, 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.

@IBM Corporation. All rights reserved. 08J3348.E35853
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IBM0O3164B9C
Preliminary (1Mx16, -80; -360) 16Mb Synchronous DRAM-Die Revision D

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 CTAS
latency that is set in the Mode Register.

Burst Read Operation (BurstLength = 4, CAS Latency =1, 2, 3)
T0 T T2 T3 T4 15 16 17 18

CLK J i ) )
| |
| \ \ | | |
COIVIIVIAND{ READA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP
| S |

o, ‘ l :

CAS latency = 1 ! DOUT A DOUT A DOUT A DOUT A, ‘
N E— 0 1 2 3

10K1, DQs

CAS latency = 2
TCK2, DQs

DOUT Ag X DOUT Ay ¥ DOUTAs >< DOUT Ag

CAS latency = 3
1CK3, DQs

DOUT Ag >< DOUT Aq >< DOUT As ¥ DOUT Ag

.E3585 gl rved.
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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 a
burst read operation is interrupled, the remaining addresses of the current burst cycle are overridden starting
with the new column address applied with the interrupling Read Command. The data from the first Read
Command continues to appear on the DQs until the CAS latency of the interrupting Read Command is satis-
fied. At this point, the data from the interrupting Read Command will appear on the DQs and continue for the
full burst length.

Read Interrupted by a Read (Burst Length = 4, CAS Latency =1, 2, 3)
T0 T1 T2 T3 T4 15 T6 17 T8

CLK J | , A i l A A L L
>_

COMMAND{ READA>—<READB>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP

CAS latency = 1
TCK1, DQs

. \

i DOUTAg ¥ DOUTBp % DOUTBq >< DOUT By >< DOUTEBg )
T T T T

| | |

DOUT Ag >< DOUT By >< DOUT B1 DOUT By

CAS latency = 2
1CK2, DQs

DOUT By

CAS latency = 3
tGKS, DQs

DOUTAO > DOUTBO >< DOUT By >< DOUT By f< DOUT By )

ezl I on. All rights reserved. 08J3
Use is further subject to the provisions at the end of this document. GA15-5285-05

3/98
Page 16 of 120



IBMO316409C  IBM0316809C  IBM0O316169C
IBM03164B9C

Read Interrupted by a Write

To interrupt a burst read with a Write Command, DQM must be used 1o avoid data contention on the data bus
by placing the chip output drivers in a high impedance state at least one clack cycle befare the Write Com-
mand is initiated. To insure the chip output drivers are tri-stated one cycle before the wrile operation begins,
DQM must be aclivated at least 3 clock cycles before the Write Command and be deactivated in the same
clock cycle as the Write Command.

Read Interrupted by a Write (Burst Length = 4, CAS Latency = 1, 2, 3)

T0 T1 T2 13 T4 15 16 17 18

CLK ‘ \

[
|
—
DQM ™
‘ ",
|

I )

f

|
|
|
| | o |
| \ |
COMMAND{ READ A >—< NOP >—< NOP >—< NOP >—< NOP >—< WRITE A >—<

| | I

| \ | KN | the Write Command
DOUTA0>< DOUTA1>< DOUTA2>—'—< DIN Ag >—< DIN Aq

|

CAS latency = 1
TCK1= DQs

|

\
/ /
\DOUTA0>< DOUTA1>—'—\ DIN Ag

CAS latency = 2
toke, DQs

CAS latency = 3

DIN A DIN A:; DIN

tors, DQs 1 2 Az >
| | | | | |

08J3348.E35853 ©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. Dala for the first burst write cycle must be applied on the DQ pins on the same
clock cycle that the Write Command is issued. The remaining data inputs must be supplied on each subse-
quent rising clock edge until the burst length is completed. When the burst has finished, any additional data
supplied to the DQ pins will be ignored.

Burst Write Operation (BurstLength = 4, CAS Latency = 1, 2, 3)
T0 T1 T2 T3 T4 15 T6 17 T8

CLK } i [ 'y A i 'y 'y L L

| \ \ \ | |
COMMAND{ NOP >—<WRITEA>—< NOF H NOP H H NOP H NOP H NOP H NOP >~

\ | |

\ | |

DQs 4‘—< DIN Ag >—< DIN A4 >—< DIN Ap >—< DIN Az )—édonlcan:} ‘ | |

HREES ! [ |

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 operation may be interrupted before completion of the burst. When a burst write cycle is inter-
rupted by a new Write Command, the remaining addresses of the initial write cycle are overridden starting
with the new column address applied with the interrupling Write Command. Data will be written into the
device until the programmed burst length of the last write command is satisfied.

Write Interrupted by a Write (BurstLength = 4, CAS Latency =1, 2, 3)
T0 T T2 T3 T4 T5 16 17 18

CLK J [ | [y
|

COMMAND{ NOP >—<WRITEA WRITEB

DQs DIN Ag DIN Bg

1 Clk Imerval

@IBM Corporation. All rights reserved. 08J3348.E35853
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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 1o avoid data contention. When the Read Command is registered, any residual dala
from the burst write cycle will be ignored. Dala that is presented on the DQ pins before the Read Command is
initiated will actually be written to the memory.

Write Interrupted by a Read (Burst Length = 4, CAS Latency = 1, 2, 3)
T0 T1 T2 13 T4 5 6 17 T8

CLK L | i
| |
\ | \ \ | | \ \

GOMMAND{ NOP >—<WRITEA>—< READ B H NOP H NOP H NOP H NOP H NOP H NOP >7
\ | [, \ | | \

A A [y [ A

CAS latency = 1 DI;\I R \ s, DOUT B
toxs, DQs DINA) o ! DOUTBy Y DOUTB, Y DOUTBg

W ‘
_ | : \ l l ! |
CAS latency =2 DIN A don't care §_ff‘- DOUT B DOUT B DOUT B DOUT B \—'7
tCKQ, DQs 0 : f j 0 ! z ? /
- \

\

CAS latency =3
<y DOUT By DOUT By DOUT Bo >< DOUT By /

& don't care

tCKS, DQs
| | | |
Input data must be removed from the DQs at least one clock
cycle before the Read data appears on the ouiputs to avoid
dat tention.
Input data for the Write is masked. ala cantentton
08J3348.E35853 ©IBM Corporation. All rights reserved.
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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, using 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 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 TAS high with TS and WE low at the rising edge of
the clock. When using the Burst Stop Command during a burst read cycle, the data DQs go to a high imped-
ance 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)

10 11 T2 13 T4 15 186 17 18

CLK | L L | L
| | | |
| | | | | |
COMMAND{ READ A >—< NOP >—< NOP >—< NOP >—< frik { NOP H NOP >—< NOP >—< NOP >-
| | | T | | |

| | | | % | | o
% The burst ends after a delay equal 1o the CAS latency.
DOUT Ao DOUT A1 DOUT Az DOUT Ag The bank remains activated. |

|
\
| < DOUT Ag >< DOUTAy Y DOUT A, ¥ DOUTAg
|
\
\
|

CAS latency =1
10K1, DQs

TCKE, DQs

CAS latency =3
tha, DQs

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

\
\
\
\
CAS latency =2 ‘
\
\
\
\
|

|
|
|
| | | |
When a Burst Stop Command is issued during a burst write operation, only data presented prior to the Burst

Stop command will be written into the device. Any dala presented to the device coincident with the Burst Stop
command or later will be ignored.

@IBM Corporation. All rights reserved. 08J3348.E35853
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Termination of a Burst Write Operation (BurstLength =X, CAS Latency = 1, 2, 3)
T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK J ) J ! i L
| | | | | | | | |
\ \ | | \ \ \ | |
COMMAND~  NoP >—<TTE A >—< NOP >—< NOP >—< et >—< NOP H NOP >—< NOP >—< NOP
| | | | | | |

TAS latency = 1,2,3| — ' I don't care | | | |
DQs ‘ DIN Ag >—< DIN Aq >—< DIN Ay : : ] ]

Input data for the Write is masked.”"

A [ ) A

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 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 funclion is engaged. During auto-precharge, a Read Command will execute
as normal with the exception that the active bank will begin to precharge immediately and may finish before
all burst read cycles have been completed. This feature allows the precharge operation to be partially or com-
pletely hidden during the burst read cycles (dependent upon burst length) thus improving system perfor-
mance for random data access. Auto-precharge can also be implemented during Write commands.

A Read or Write Command without auto-precharge can be terminated in the midst of a burst operation. How-
ever, a Read or Write Command with auto-precharge can not be interrupted by a command to the same
bank. Therefore use of a Read, Write, Precharge, or Burst Stop Command to the same bank is prohibited
during a read or write cycle with auto-precharge until the entire burst operation is completed.

It A10 is high when a Read Command is issued, the Read with auto-precharge function is initiated. Once the
precharge operation has started the bank cannot be reactivated until an asynchronous delay time equal to tgp

+tpp expressed in nanoseconds rather than clocks, 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.

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Burst Read with Auto-Precharge (Burst Length = 4)

10 T 12 13 T4 15 16 17 18

CLK l A A A A

>—< NOP >—< ‘NOP >—< £OP }—< ‘NOP >—< |NOP >——-< NOP >—< NOP >—< NOP

e tRP +tDF|_A+ ............. e ‘ ‘ |

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

e |

DOUT Ag ¥ DOUT A4 >< DOUTAs § DOUT Ag
‘ T T T T

7 * Bank can be reactivaled after completion of igp +1pp|.
. i For Auto-Precharge, this is an asynchronous delay
Begin Auto-precharge. which may complete prior 1o a clock edge depending
ontre ipp and ok The bank cannot be reactivated
* until the rising clock edge following the completion of
1rp. trRop= 2 clocks for -360 the delay.

Although a Read Command with auto-precharge can not be interrupted by a command to the same bank, it
can be interrupted by a Read or Write Command to the other bank. The auto-precharge function will begin
normally with the issuing command.

Burst Read w/ Auto-precharge Interrupted by Read (BurstLength = 4, CAS Latency = 2, 3)

10 T 12 13 T4 15 16 17 18

CLK l ) i i ) i i 3 ) L

COMMAND Auﬁﬁggﬁgeﬂ NOP } READ B { NOP { NOP >—< NOP >—< NOP >—< NOP >—< NOP >_

| | \ * \ | | \
|

~~~~~ trp + tppL o | | | |

CAS latency = 2 I

\
\
DOUT Ag ¥ DOUT A4 >< DOUTBg ¥ DOUT By >< DOUT By >< DOUT By |
\
\

tCKE! DQs | |
| | * T T * T T T
s oo BRP T+ EDPL s frvsessconmanienens 20 | | |
CAS latency =3 | | ‘ ‘ ‘ ) ) ‘
texs, DQs | | ‘ DOUT Ag >< DOUT Aq < DOUT Bg >< DOUTB{ % DOUT By >< DOUT By
[ | | | | | | |
Begin Auto-precharge A % Bank can be reactivated at completion of tRp , IDPL

*
trp. 1rcp= 2 clocks for-360

@IBM Corporation. All rights reserved. 08J3348.E35853
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If interrupting a Read Command with auto-precharge with a Write Command, DQM must be used to avoid DQ

contention.

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

10 T

T2 13

T4 15 16 17 18

CLK |

A

A

[} 4 A

COMMAND READA}( NOP } NOP 7<

Auto-Precharge

e e e esab s e et trp+opL } .............. e

CAS latency =2 | |
tCKE, DQGs

*

‘NOP >{WRITEB>—< :NOP >—< :NOP >—< NCP >—< NOP >—

|
|
|
DaM :

Begin :Aulofprecharge A

% Bank A can be reactivated at completion of tgp , tpp|

It A10 is high when a Write Command is issued, the Write with auto-precharge function is initiated. The bank
undergoing auto-precharge can not be reactivated until tpp and trp are satisfied. This is referred to as tpa
Data-in to Active delay (tpa = tppL + 1gp), @nd is an asynchronous delay time during auto-precharge.

Burst Write with Auto-Precharge (BurstLength = 2)

TO T1

T2 T3

T4 T5 T8 17 T8

CLK x i

COMMAND<WR'TEA> NOP H NOP H NOP

Auto-Precharge

NOP NGP NGP >—< NOP >—< NOP

I I \ \ \ I I \
Yoo | [ O S .;‘, | | | |
DQs { DIN Ag >—< DIN Ay | ‘ w | | \ \
| | | | | | | | |
¢ | R RN YN D [ | | |
CK3 ol
DQs DIN Ag DIN A ‘ ‘ | | \
| | |

Begin Amo—preéharge.

1

I I I

% Bank can be reactivated after completion of tha .

For Auto-Precharge, 1o is an asynchronous delay
which may complete prior to a clock edge, depending
on tgp 1opL and ok The bank cannot be reactivated
until the rising clock edge following the delay.

08J3348.C35853
GA15-5285-05
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Similar to the Read Command, a Write Command with auto-precharge can not be interrupted by a command
to the same bank. It can be interrupted by a Read or Write Command fo the other bank, however. The auto-
precharge function is unaffected by the interrupting command and will begin as normally scheduled according
to burst length.

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

T0 T T2 T3 T4 15 16 17 8
CLK } 4 i i 4 A i i ! L
| [ | | | | | | |
| | | | | | | | |
COMMAND A:’t\!:Fé’!';rcEa]r:eH NOP >—<WRITEB>—< NOP NOP NOP NOP NOP < NOP >-
| | | I N R I X |
RS latenoy =3 | ‘ ‘ T i ‘
toka, DQs DIN Ag >—< DIN A4 >{ DIN Bg >—< DIN By >—< DIN By DIN B3 i i i
[ | | i [ [ ! ! !

* Begin Auto-precharge
trp, 1ppL = 2 clocks for-360

% Bank A can be reaclivated al completion of 1|

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

10 T 12 13 T4 15 16 17 18

CLK L i

COMMAND AY}{]F;[ICEEQEH NOP } NOP READ B H NOP H NOP H NOP H NOP H NOP >—

| | | | | N | * |
RS lateney =3 | | ‘ e A hL — ‘
toka, DQs DIN Ay >% DIN A4 >—< DIN Ay i i i DOUT By DOUT By DOUT By
:'. |

Begin A[Jlo—precharge

*
1Rrpy 1opL = 2 clocks for-360 <% Bank A can be reactivated at completion of 15

@IBM Corporation. All rights reserved. 08J3348.E35853
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Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge Com-
mand is 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 1o define which bank(s) is o be precharged when the command is
issued.

Bank Selectlon for Precharge by Address Blts

BS(A11) . it PrechargedBank(S) et

For read cycles, the Precharge Command may be applied consistent with the CAS Latency set in the Mode
Register. The data DQs go to a high impedance state after a delay which is equal 1o the latency, similar fo a
Burst Stop Command. Refer to the following figures.

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 1o the Precharge time (Igp).

Burst Read followed by Precharge Command (BurstLength = 4, CAS Latency = 2)
T0 ™ T2 T3 T4 15 16 17 T8

x4 L L | L | u
COMMAND{READAXOH NOP H NOP H NOP >—<PrechargeA>—< NOP H NOP H NOP H NOP }

*
| | \ \ \
Yo

DOUT Axg ) DOUT Axq | DOUT Axp § DOUT Axg I

\ \
\ \
CAS latency =2 ‘ ‘
\ \
| |

tCKE! DQs
I I [ [ [
% Bank can be reactivated at completion of tpp.
08J3348.E35853 ©IBM Corporation. All rights reserved.
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Burst Read followed by Precharge Command (BurstLength = 4, CAS Latency = 3)
T0 T1 T2 T3 T4 T5 T6 17 T8

SRR EE RN

|
COMMAND{READAXOH NOP H NOP H NOP >—<PrechargeH NOP H NOP H NOP H NOP >~

| \ \ \

I

| | |
\ \ |
TAS latency =3 | ‘ | /
\ \ |
| | |

DOUT Axg X DOUT Ax4q >< DOUT Axo >< DOUT Ax3 \
tCKQ! DQs \ /
(:80,-10) I [ [ [

% Bank can be reactivated at completion of tRp.

Burst Read followed by Precharge Command (BurstLength = 4, CAS Latency = 3)
T0 T T2 T3 T4 T5 T6 T7 T8

CLKJALL» »ljlt

COMMAND{READAXOH NGP H NOP H NOP HPrechargeH NOP H NOP H NOP H NOP >7

\ \ :
\ \ |
\ \ |
TASlatency =3 | | | /
\ \ |
| | |

DOUT Axg X DOUT Ax4q >< DOUT Axo >< DOUT Axz \
toka, DQs \ /
| | | |
(-360)
% Bankcan be reactivated at completion of tRp.
@IBM Corporation. All rights reserved. 08J3348.E35853
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Burst Write followed by Precharge Command (BurstLength = 2, CAS Latency = 2)

10 T 12 13 T4 15 16 17 18

CLK l A A A A

COMMAND-  NoP Qg}:ﬂi% NOP WRITEAx0>—< NOP >—<PrechargeA>—< NOP H NOP H NOP >—
T T

| | |

‘ | | |

DIN Axq >—< DIN Axq }— | ‘
| | |

CAS latency = 2
TCKQ, DQs

* Bank can be reactivated at completion of tpa lprL + 1RR).

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Burst Write followed by Precharge Command (BurstLength = 2, CAS Latency = 3)

T0 T 12 13 T4 5 16 17 18 18

CLK l 4 ) ) b i 4 4 l I

Activat
COMMAND< B hs H NOP < NOP >{WR|TEAXOH NOP >—<PrechargeA>—< NOP H
T

T
| |
| |
| | | |
‘ DIN Axg DIN Axy ‘
\ \ |
| | |
| \ |
\ |
COMMAND< potivate >_< NOP < NOP >4<WRITEAXD>—< NOP >_< NOP >—<Prechargel>—< NOP >_< NOP >—<:
|
|

|
|
CAS latency=3 | |
|

CAS latency=3
toks DQs
(-80, -10)

|

| \ |
‘ ‘ Lot
|

[
tCK3, DQs | | |
(-360) , " w DIN Axg DIN Ax4

X Bank can be reactivated at completion of o (IppL 4 tRE-

@IBM Corporation. All rights reserved. 08J3348.E35853
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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 datla bus as a function of CAS Latency.

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

10 11 T2 13 T4 15 186 17 18

CLKJALLA »ljlt

COMMAND{ NOP >—<READAX0>—< NGP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—

CAS latency =1
tox, DQs

|
|
!
< DOUT Axg >< DOUT Ax1
| |

e

* i : :
Bank can be reactivated at completion of tRp. Burst is terminated one clock afier the Precharge command,

consisient with CAS Latency.

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

10 iR 12 13 T4 5 16 17 18

CLK J I 4 s i t

COMMAND‘(READAXOH NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >~

| | | | |

| | | | | |
TAS | | ' ‘ ‘ | | | |
CAS latency =2

| \ | | \ \

| | | | | |

DOUT Axg >< DOUT Axq >< DOUT Axp

tCKE, DQs
| | |
K Bank can be reactivated at completion of Rp- Burst is ferminated two clocks affer the Precharge command,
consisient with CAS Latency.
08J3348.E35853 ©IBM Corporation. All rights reserved.
%@2}575285705 Use is further subject to the provisions at the end of this document.

Page 29 of 120



IBM0316409C IBM0316809C IBM0316169C = =v=
IBM03164B8C - =
16Mb Synchronous DRAM-Die Revision D Preliminary (1Mx16, -80; -360)

LY S U (D S Y O S O O 0 R O

COMMAND‘<READAXO>_< NOP >—< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—< NOP >

| | | | \ | | Xk |
R N YT S — P
o | | | | | | | | |
CAS latency =3 ‘ ‘ | | ‘ ‘ ‘ | |
10K3, DQs ‘ ‘ | < DOUT Axg >< DOUT Axq >< DOUT Axp >< DOUT Axg \ I I
(-80, -10)
| | | | | | | | |
% Bank can be reactivated at completion of ixp. Burst is terminated three clocks aﬂer.1he Precharge command,

consistent with CAS Latency.

Burst Read Interrupted by Precharge (Burst Length = 8, CAS Latency = 3)
TO T T2 T3 T4 5 T8 17 T8

CLKJALLA »ljlt

COMMAND{HEADAXOH NOP H NOP H NOP >—<PrechargeA>—< NOP H NOP H NOP H NOP >

DGM

|

| \

| \

| \
CAS latency =3 | ‘

tcks, DQs
(-360)

\

\ DOUT Axg >< DOUT Axq >< DOUT Axp >< DOUT Axg

Burst is terminated three clocks aﬂer the Precharge command,

X Bank can be reactivated at completion of tgp. consistent with CAS Latency.
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Burst write operations will be terminated by the Precharge command. However, write data written to the
device prior to the Precharge command may be stored incorrectly and is a function of CAS latency and tpp|.

When CAS latency is set to equal 1 or 2 or when set to 3 with 1pp =1 clock, 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 will not be written.

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

TO T1 T2 T3 T4 T5 T8 17 T8

CLK L i

\
COMMAND { NOGP >{ NOP >*WF€ITEAX0 < NOP >—< NOP HPrechargeA NOP >_< NOP >—< NOP >—
\ |

A A

4 /
| |
\ |
\ |

g tDpL ame g TRP e

toke, DQs DIN Axg DIN Ax >—< DIN Axz

|
|
|
CAS latency =1 |
1
[
|

% Bank can be reactivated at completion of ipa |

Precharge Termination of a Burst Write (BurstLength = 8, CAS Latency = 2)
TO T T2 T3 T4 5 T8 17 T8

CLK # I ) A ! L

\ \ | | \ \
COMMAND< NOP >{ NOP }(WRWEAXO){ NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >—
|

A A [y I A

—_
=)
vl
=2

| | \ \
*

| | ‘ ‘ L,;:; ...................... tD AL e | .................. e ‘
_ | | \ \ \ | | \ \
CAS latency = 2 | | ‘ ‘ ‘ | ‘ ‘
toke, DQs | | < DIN Axg >_< DIN Axy >_< DIN Axo \ I | |

| | | | | | | |

* Bank can be reactivated al completion of 1paL.
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Precharge Termination of a Burst Write (Burst Length = 8 CAS Latency = 3)
T0 T T2 T3 T4 T5 T6 17 T8

CLK L i

COMMAND< NOP >% NOP >*<WRITEAX0> NOP H NOP >—<PrechargeA>—< NOP H NOP H NOP >—

A

[ [ [
\ | | \
| | |
| | |

\
tRp e b nd
|

|
DIN Axg >—< DIN Axy >—< DIN Axa >—<

CAS latency =3
TCK& DOS

(-80, -10)

T

* Bank can be reactivated at completion of 1pp, .

When CAS latency is set to equal 3 and tpp = 2 clocks, 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 clock cycle prior to the Precharge command may be stored incorrectly. To prevent
the writing of invalid data to the device, DQM must be asserted high one clock cycle prior to the Precharge
command to mask the invalid write data.

Precharge Termination of a Burst Write (BurstLength = 8, CAS Latency = 3)
TO T T2 T3 T4 5 6 17 T8

CLK i

A

DAQM

|
|
\
\
|
I
\

 — 1 — — Ll

COMMAND< NOP >*<WRITEAXO>‘< NOP >—< NOP >—<PrechargeA>—< NOP >—< NOP >—< NOP >4< NOP >_

| | t | |
IO SRR BP e -
| | | | _L | |
| | Jasemerecrererseensfionincrrerrecene tpa e Lo | |
CAS latency = 3 | | | | | | |
toks, DQs —‘—< DIN Axg >—< DIN Axq :} \ ; - | ‘ ‘
360 | I \ i 5 | | \ \
(309
| | | | | | | |
DQM is _neexd_ed fo mask * Bank can be reactivaled at completion of tpg, .
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 {tgp) before the Auto Refresh Command (CBR) can be applied. For a stacked device,
only one deck at a time can be refreshed using Automatic Refresh Mode. An address counter, internal to the
device, supplies the 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 {tgg).

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 1o 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 exit command will be registered asynchronously by bringing
CKE high. After CKE is brought high, an internal timer is started 1o insure CKE is held high for approximately
10ns before registering the Self Refresh exit command. The purpose of this circuit is fo filter out noise glitches
on the CKE input which may cause the SDRAM to erroneously exit Self Refresh operation. Once the Self
Refresh command is registered, a delay equal to the RAS cycle time (tpe) must be satisfied before any new
command can be issued to the device. CKE must remain high for the entire Self Refresh exit period (igpgx)
and commands must be gated off with CS held high. Alternatively, NOP commands may be registered on
each positive clock edge during the Self Refresh exit interval. (See Self Refresh Exit figures.) When using
Self Refresh, both decks of a stacked device may be refreshed at the same time.

Self Refresh Exit (Commands Gated Off with CS High)

Tm Tma1 Tms2 Tms3 Tma4 Tmas Tmas Tms7 Tm8

CLK J \ A A )

| | |

: : |
CKE ‘ ‘ |

| |

\ \ |
(&) | | |

‘*; ...................... I thc
|
| | |
4444444444444444444444444444444444444444444 “"
COMMAND ?
| [ T
B Any
: H . G d
Self Refresh Begin Self Refresh Exit Self Refresh ~Omman
Exit Command Exit
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Self Refresh Exit (Commands Gated Off with NOP Commands)

Tm Tt Tms2 Tma3 Tmaa Tmas Tmas Tz Tma8

CLK J A 4 A 3 ) 4 4 l [}
|
|

CKE ‘
\
\

CS \

COMMAND

Any

: Command
Self Refresh Begin Self Refresh Exit Self Refresh
Exit Command Exit

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 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)

i

TO TH T2 T3 T4 T6 17

CLK i

[y

DGM

ul

3 A
| |
| |
| |
| |
| |

|
|
\
\
i
\

|

|

N, \

i 2

‘ A.:::z;;‘.‘.

COMMAND{ NOP >—<READA>—< NOP H NOP H NCP H NOP H NOP H NOP H NOP >
T T T T
| | R |

DGs

T T T
\ | |
DOUT Ag >< DOUT Ay il | 1 ! !

A two clock delay before
the DQs become Hi-Z
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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, two power down modes are available: Precharge and Active
Power Down mode. To enter Precharge Power Down mode, all banks must be precharged and the neces-
sary Precharge delay (tgp) must occur before the SDRAM can enter the Power Down mode. If a bank is acti-
vated but not performing a Read or Write operation, Active Power Down mode will be entered. (lssuing a
Power Down Mode Command when the device is performing a Read or Write operation causes the device 1o
enter Clock Suspend mode. See the following section.) Once the Power Down mode is initiated by holding
CKE low, all of the receiver circuits except CLK and CKE are gated off. The Power Down mode does not per-
form any refresh operations, therefore the device can’t remain in Power Down mode longer than the Refresh
period (trer) of the device.

The Power Down mode is exited by bringing CKE high. 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 maode, 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 (BurstLength = 4, CAS latency = 2)

T0 T1 T2 13 T4 15 16 17

CLK ‘ A
A one clock delay before |

| |
| 1
CKE | ‘
! 1 ..., Suspend operation starts

COMMAND{ NOP >—<READA>—< NOP >—< NOP >—A
| | | | | | | | |

| \ \
DQs DOUT Ag DOUT Aq >< DOUT Az >

[

— —lm
P

L

|
| ',

\ | | | / ‘ A one clock delay 1o exil
“, the Suspend command
I

[
|
|
\
\
\

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 (BurstLength = 4, CAS Latency = 2)

T0 15
CLK ‘ l
| |
| |
| |
|
|

T1 T2 13 T4 16 17

8

|

! !
.. Aone clock delay to exit
the Suspend command

A
I
|

N,

CKE

A one clock deldy before

|
| |
|
\
| | |
|

A ':"""-a-.t,':.':“suspend operation starts

NOP > ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ / %INOP H INOP >—

COMMAND< NOP >—<WRITEA>—< NOP
|
DQs —,—< DIN Ag >—<
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Function CS | FAS {CAS K WE  DQM : A1 i A10 : A9 A0 | Noles

Current
Cycle

Pre\nous
Cycle

>

: Mode Register Set

EAuto (GBR) Refresh

> X

Entry Self Refresh

| Exit Self Refresh L H y
PR By R R L e
E..F.;};;H;ré‘;;{|“é;}}i;; ___________________________________ i e : "
Ba nk : Actlvate ------------------------------------------- H xL X
— e S S

Column

T
>

>

erte with Auto-Precharge

Read

Column

T
>

> i ix

Read wlth Auto Precharge H X H Column
Burst Termlnallon H : X X X
No Operation H X X X ' : ‘

>

T
>

i Device Des elect

P
>

P

EC|OCk Suspend;’Standby Mode |

>

T
>
x

Data Write/Output Enable

Data Mask/Output Disable

>

>
x

{ Power Down Mode Eniry

> X
oo

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. For
stacked devices: only one deck can be operated at once, except during Self Refresh.

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

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

4. During normal access mode, CKE is held high and CLK is enabled. When it is low, it freezes the internal clock and extends data
Read and Write cperations. 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
Wiite cycles. When it aclivates, the Write operation at the clock is prohibited (zero clock latency). i

6. All banks must be precharged before entering the Precharge Power Down Mode. If banks are active, Active Power Down Mode is
entered. The Power Down Mode does not perform any refresh operations, therefore the device can’t remain in this mode longer
than the Refresh period (tper) of the device. One clock delay is required for mode entry and exit.

7. i CSis low, then when CKE returns high, no command is registered into the chip for one clock cycle.
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Clock Enable (CKE) Truth Table

Action

NVALID

:Exit Self Refresh with Device Deselect

:Exit Self Refresh with No Operation

{ILLEGAL

> i
>
=

’_
T
>
>
>

,_
T
T
T
>

,_
T
T
—
>

: L : H i : H ¢ X ; X ' LLEGAL .
: ......... L H ....... L ...... X FR x LLEGAL
.......... L LXX XMamtamSe”Re[mSh
H ................ X ........................... )( ........................ x ................... x ............................................................................................
AAAAAAAAAAAA |_ H X X X

r—:I

—ir
: X X

XXX

T
T

i Refer to the Idle State section of the

HH AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA X : Gurrent State Truth Table 3
H H X :
H H L H
‘ H H L L
{All Banks ldle!  H L X X :
i H """""""""" L """""""" H """"""""" X """"""""""""" ! Refer to the Idle State section of the
iveesneee) GUMENE State Truth Table & 0
H L L X
H L L H . X Enlry Self Refresh :
H L ; L L Mode Register Set
L X X X : Power Down

ERefer to operations in the Current
; State Truth Table

:Begin Clock Suspend next cycle

{Exit Clock Suspend next cycle

: Maintain Clock Suspend

Any State
:  other than
i listed above |

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 (tcgs) 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 Curent State Truth Table
for more information. :

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

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

:Auto or Self Refresh Start Auto or Self Refresh

‘No Operatlon

:Bank Activate : Activate the specified bank and row

Column :Wn'te w/o Precharge LLEGAL

:Read w/o Precharge : ILLEGAL

Burst Termination No Operation

iNo Operation :No Operation

{Device Deselect iNo Operation or Power Down

: Mode Reglster Set

i Auto or Self Refresh :

—imir
| -
T:TIT:r

Idle

i e i
I:IT:IT:XT

H i X

|_ ;

-
—

—
—

Row Active

iBurst Termination  :No Operation

iNo Operation iNo Operalion

{Device Deselect :No Operation

:Mode Register Set %ILLEGAL

:Auto or Self Refresh :ILLEGAL

: Precharge emminate Burst; Start the Precharge

iBank Activate {ILLEGAL

Column  {White i Terminate Burst; Start the Write cycle

-
I: T
I: T

H: X X

[ N
| A
—

—
—

Read

’_
T

Column ‘Read : ermlnate Burst; Start anew Read cycle :

: Burst Termlnatlon

—
TiT

ermlnate the Burst

iNo Operation :Continue the Burst

’_
T

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

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

3. It CKE is active (high), the SDRAM will start the Auto (CBR) Refresh operation. If CKE is inactive (low), then the Self Refresh mode
is entered. i

4. The Cuwent State 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. i

5. If CKE is inactive (low), then the Power Down mode is entered. Otherwise there is a No Operalion.

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 to determine if the Aute Precharge functlion is activated.

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

0. 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)

i Current Slate

OP Code

{Mode Register Set

Column i Terminate Burst; Start a new Write cycle |

Golumn Terminate Burst; Start the Read cycle

Write

: Termlnate the Burst

Continue the Burst

Contlnue the Burst

uto or Self Refresh

) ! ank Activate
Read with : R el _
Auto- { Wnte
Precharge . e st oo

ead

:Burst Termination

JILLEGAL
ILLEGAL

i : : HLLEGAL : :
White with SRR S ST S S ————— L—— s A AR S R AT nn dnn nnn :

Auto- ILLEGAL
Precharge vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

. ' | . u.r..St _.I;érr.];lin.é.tio.h. | ||_LEGA|_ .............................

No Operatlon Gontlnue the Burst

Contlnue the Burst

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-
mand is being applied to.

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

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

4. The Cument State 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), then the Power Down mode is entered. Otherwise there is a No Operalion.

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 to determine if the Auto Precharge function is activated.

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

0. The command is illegal if the minimum bank to bank delay time (tzzp) is not satisfied.
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Current State

Precharge o Operation; Bank(s) idle after trp

Precharging

—

,_
T

L L H : Row Address : Bank Activate : :

: ROW Actlvatmg ..... LH ..... L TR T Co|umn ...... Wme ....................................................................................................................
; |_ ..... H ..... |_ S C O|umnRead ...................................................................
N LHH BurstTermma“onNooperahonROWAChveaﬂertRCD

b LHH ................................... Nooperauon .............. Noopera“gnROWACnveaﬂertRCD

T
>
pas

: Device Deselect :No Operatlon Row Actlve after tHCD

Ll L L OPCode {Mode Register Set [ILLEGAL e

Ll X iAutoorSelfRefresh ILLEGAL |
e e fatie s e
i P e

Wn'te_ : H : i Column White tart Write; Determine if Auto-Precharge | H
Recovering e RS Goernreens fooe 3% ORI e U U U U UL O SO OU U PO OO BT JUOT TP

Column  :Read tart Read; Determine if Auto-Pracharge |

’_
T

]

’_
T

w

sLo H ot : :Burst Termination No Operation; Row Aclive after tpp
. L H » fNo Operation ‘No Operation; Row Actlive after tpp. ; _'
H: X X : :Device Deselect :No Operation; Row Aclive 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. i

3. If GKE is active (high), the SDRAM will start the Auto (CBR) Refresh operation. If CKE is inactive (low), then the Self Refresh mode
is entered. :

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

5. If CKE is inactive (low), then the Power Down mode is entered. Otherwise there is a No Operalion.

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 to determine if the Aute Precharge function is activated.

9. The command must salisfy any bus contention, bus tum arcund, and/or write recovery requirements.
0. The command is illegal if the minimum bank o bank delay time (trrp) is not satisfied.

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Current State Truth Table (Part 4 of 4) (Notes: 1)

Current State

: L : ; Mode Register Set ;
..... R R St S AutoorselfRefresh
..... - | PreCharge
wie L LW BS RowAddoss BankAdivalo LLEGAL
Rocoverind LM .L..L.BS Column WS HLLEGAL e
Precharge : L : : ; H {Read i
CUH T H L X Burst Termination
..... L Nooperanon
H DeV|CBDese|em
A T S e W ModeReg|sterset
..... e AutoorselfRefresh
..... - . PreCharge
......... L e " BankACn Vat e rer e e e e e e et
Refreshing L : : : ‘

—

—

No Operation

Device Deselect

TIT:ir

Mode Redister

i Accessing

1. CKE is assumed to be active (high) in the previous cycle for all enftries. 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 aclive (high), the SDRAM will start the Auto (CBR) Refresh operation. If CKE is inactive (low), then the Self Refresh mode |
is entered.
i 4. The Cument Siate 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. ;
i 5. If CKE is inactive (low), then the Power Down mode is entered. Otherwise there is a No Operation.

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

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

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

i 9. The command must satisfy any bus contention, bus turn around, and/or write recavery requirements.

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

@IBM Corporation. All rights reserved. 08J3348.E35853
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Power Supply Voltage -1.0t0+4.6

VD DO fPower Supply Voltage for Output —1 0 to +4 6
............. VINInpmVO”age10to+46 | 1
s VOUTOutputthage10to+46 ......... 1
TA ........... OperatmgTempemtum(amblent)0t0+70 1 ..........

Tsta %Storage Temperature
Pp {Power Dlsslpatl on
lout fShort Circuit Output Current

1. Siresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a
siress rating only and functional operalion of the device al these or any other conditions above those indicated in the operational
seclions of this specification is not implied. Exposure to absolute maximum rating conditions for extended pericds may affect reli-
ability.

: Supply Voltage

: Supply Voltage for Output

i Input High Veltage

Input Low Voltage

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Capacitance (Tp- 25°C, i=1MHz, Vpp= 3.3V £ 0.3V)

Parameter

DC Electrical Characteristics (Tp= 010 +70°C, Vpp= 3.3V = 0.3V)

Input Leakage Cuwent, any input
10.0V £ Vy £ 3.6V), All Other Pins Not Under Test = 0V

Oulput Leakage Gurrent
(DOUT s dlsabled O OV < VOUT< 3 BV)

‘Output Level (TI'L)
iOutput "H” Level Voltage (lour = -2.0mA)

‘Output Level (TTL)
utput “Lr Level Voltage (IO

= +2.0mA)

@IBM Corporation. All rights reserved.
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Parameter :E Test Condition Units Notes

\Precharge Standby Curventin©_loo® CHE < Vulmax), o= 1008 e S
EPower Down Mode ! ba i AKE <V frag) fo _ lefinite b oo

CKE £ V| (max), tgk = Infinity

’ CKE 2 Vjy(min), lox = 15ns ’
Input Change every 30ns

CKE z Viy{min), tok = Infinity
No Input Change

CKE £ V| (max), tcx = 15ns
CKE £ V| (max), tgx = Infinity

EPrecharge Standby Current in |
{Non-Power Down Mode

EAC“VE‘ Standby Currentin
;:Power Down Mode

CKE 2 V|H(min) tCK =15ns
Input Ghange every 30ns

CKE 2 Vip{min), tox = Inflnlty
No Input Change

CAS Latency = 1
tre 2 tre{min)

EActive Standby Current in
:Non-Power Down Mode

CAS Latency =2
tre 2 tre{min)

EAuto (CBR) Refresh Current lccs

CAS Latency = 3
tRC > tﬁc(miﬂ)

ESeIf Refresh Gument

1. Forstacked devices: only one deck may be active at a time, except during self refresh.

2. For stacked devices: multiply the given planar (individual deck) values by 2.

3. For stacked devices: this is the active portion only. The total stack current includes the Precharge Standby cuwent of the inactive
deck (|CCEP + ICC1 P)

4. For stacked devices: this is the aclive portion only. The total stack current includes the Precharge Standby cuwent of the inactive
deck (lCCQPS + ICC1 PS)

5. For stacked devices: this is the active portion only. The total stack current includes the Precharge Standby cuwent of the inactive
deck (|CCEN + ICC1 N)

6. For stacked devices: this is the active portion only. The total stack current includes the Precharge Standby cuwent of the inactive
deck (lCCENS+ ICC1NS)-

7. For stacked devices: this is the aclive portion only. The total stack current includes the Precharge Standby cuwent of the inactive
deck (lccg + |901N).

8. The specified values are valid when addresses are changed no more than once during tg{min).

. The specified values are valid when No Operation commands are registered on every rising clock edge during tgg{min).

. The specified values are valid when data inputs {DQs) are stable during tag{min).

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

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Operating Currents (Ta-0to+70°C, Vpp= 3.3V £ 0.3V)

Test Condition

Symbol

lre = Lpc{min) ClL=2

Lok 2 tex(min)
ID = 0mA

I :  Operating Current
G5t Burst Length = 1

3 . tRC = tRC(min)
¢ Operating Cumrent ¢ N S

lces ! Burstlength=2 lek 2 Lex(min)
f : ID = 0mA

. tre = tre(min)
Operating Cumrent rc = relmin) |

locz Burst Length = 4 tCT 2 to(l)(((nfTAin)
: L=

tnc = trg(min)
| ¢ Operating Current  § tRC - tHCE::iE)) i
C%% ' BurstLength=8 ; o=
i lo = OmA

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

2. The specified values are valid when addresses and DQs are changed no mare than once during tge(min).

3. For stacked devices: this is the active portion only. The total stack current includes the Precharge Standby curent of the inactive
deck (Operating Current+ 1goqN).

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.

@IBM Corporation. All rights reserved. 08J3348.E35853
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¢ Test Condilion

CL-2 tck=15ns
: thRg = .
§ tok=15ns :

! Operating Cuent | tac = Infinity
lcoy i Burst Length = Full : tok 2 tex(min)
i Page i lp=OmA

fok=10ns

cl-1 | A==

: i fok=30ns : ;
: thg =e
i tok=12ns :

Operating Current i lro=ee
1-N Rule i Cl=2

fok=15ns

tre = Infinity :

tok 2 tox(min)
ID = 0mA

(Gontinuous
Read/White cycles
with new column
address redistered
each clock cycle)

locio i

CL-3 fok=10ns
{ g =oe : ]
tok=10ns |

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

2. The specified values are valid when addresses and DQs are changed no more than once during tge{min).

3. For stacked devices: this is the active portion only. The total stack current includes the Precharge Standby cument of the inactive
deck (Operating Current+ lgcqN).

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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AC Characteristics (Tp= 010+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. The Transition time is measured between V|4 and V| (or between V|_and V).

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

4. AC timing tests have V| = 0.4 V and V|4 = 2.4 V with the timing referenced to the 1.40V crossover point.

5. AC measurements assume t7=1.0 ns.

Vin
Clock Y \\1'4" p
/ / Vi Vit=1.4V
t—thoL

Input \/ \ 1.4V
4/ / AC Output Load Gircuit I

~—fon

50pF

Lac

tiz

AV

Output

Clock and Clock Enable Parameters

Symbol Parameter Units Notes

Clock Cyc:le Time,CAS Latency—S

toxe jCIock Cycle Time,CAS Latency=2
fok1 :Clock Cycle Time,CAS Latency=1
tacs  :Clock Access Time,CAS Latency=3

Clock Access Time,CAS Latency=2

'Clock Access Time,CAS Latency=1

:Clock High Pulse Width

Clock Low Pulse Width
Clock Enable Set up Tlme

:Clock Enable Hold Time

:CKE Set up Tlme (Power down mode)

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

2. Access time is measured assuming a clock rise time of 1 ns. If clock rise time is longer than 1 ns, then (frise/2-0.5)ns should be
added to the parameter. ;

3. Assumes clock rise and fall fimes are equal to 1 ns. If rise or fall ime exceeds 1 ns, then other AC parameters under consider- |
ation should be Compensated by an addltlonal [(trlse+tfa||)/2 1]ns i

@IBM Corporation. All rights reserved. 08J3348.E35853
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iCommand Setup Time

:Command Hold Time

%Address and Bank Select Set-up Time

: Address and Bank Select Hold Time

‘RAS to CAS Delay

ank Cycle Time

clive Command Period

%Preoharge Tlme

:Bank to Bank Delay Tme

AS to CAS Delay Time (Same Bank)

Refresh Cycle

Symbol Parameter T S e i Units { Notes !

_ Refre.s.h Period i

! Self Refresh Exit Time

1. 4096 cycles. H

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 an asynchronous opevation. Self refresh exit is accomplished by starting the clock (CLK) and then asserting
CKE high. During the exit time ({tgrex), N0 commands may be issued until tr; is satisfied and CKE must remain high. It is recom-
mended to hold CS high during the self refresh exit time, but NOP commands may be issued with each rising clock edge during this
period as an altemative. To prevent emoneous exit of self refresh operation, a glitch suppressor circuit is incorporated into the CKE
receiver. If CKE is asserted high (system noise) for less than 10ns (approximately), then the device will not exit self refresh opera- ;
tion. ;

Parameter

iData QOut to Low Impedance Time

jData Out to High Impedance Time,CL=3

:Data QCut to High Impedance Time,CL=2

;Data Out to ngh Impedance Tlme CL 1
Da

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Parameter

Data In Set-up Time

'Data In Hold Time

: Data Input to Precharge

DGM Write Mask Latency

@IBM Corporation. All rights reserved. 08J3348.E35853
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Iock Frequency

tex Clock Cycle Time
tan jCAS Latency
trco  RRAS lo CAS Delay ' :

RAS Latency

trag Minimum Bank Active Time

trp Precharge Tlme
topL ‘Data In to Precharge
tnaL : Data In to Actlve/Refresh

trro %Bank to Bank Delay Time

i leco m to CAS Delay Time :

......... : WmeeLatenCy
""""""" bow DOMWrite MakLatenoy

......... tmz " DQ e y et

fosL Clock Suspend Latency

08J3348.E35853 ©IBM Corporation. All rights reserved.
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Timing Diagrams

AC Parameters for Write Timing.....ccccoooeeeii e,
AC Parameters for Read Timing.......coo oo cecicvin e e
Mode Registar St ..
Power on Sequence and Auto Refresh (CBR)........ccccocvvvviieviciinnn,

Clock Suspension During a Burst Read (Using CKE)

AS Latency = 1 ..o

AS LAlency = 2.
CAS Latency = 3, IRED = S

Clock Suspension During a Burst Write (Using CKE)

CAS Latency = 1.

CAS Latency = 2.
CAS Latency = 3, IRED = 3+ eeeeeeee e
Power Down Mode and Clock Suspend ......ccccooov e iveeviien e
Auto Refresh {CBR) .....vvvviiiicie e
Self Refresh (Entry and EXit) ..o

Random Column Read (Page within same Bank)

@IBM Corporation. All rights reserved.
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Timing Diagrams Page
Random Row Write (Interleaving Banks)

CAS LalENCY = e e ettt et e e e e et e e e r e e e e e ene e e e e e e aea e e 79

CAS LAIENCY = 2.oeevieeeeetieteese st e ee e tste e evssessesssmas et s st ee st eae bt e e betensstesensseessnsatessssnsesestssasen 80

CAS Latency = 3, IR0 TRP = 3 coreeeerreeeereieiereseseetsseee st saes et sesetessstessasstessnsanessssnsesesseseses 81
Read And Write Cycle

CAS LAIENCY = Touvivieeieeiieteeciete st st eet st se et se st sas st se st se st s s eensse st et setsenennssentes st 82

CAS LATENCY = 2.ttt ee st ettt sms s st sts sttt st b enas st st ee s e sttt bne st se et 83

CAS Latency = 3, IR0 IRP = 3 coveerereeeereieeerseeseeteseee st sses et ssessetessstessassaessnssaessssnsesessssass 84
Interleaved Column Read Cycle

CAS LAIENCY = 1 ooeeeeeecceeeeeeet et seee s aes e s nssne s eenn s ss st an e s s e st an s ensansssnnnsnsnssoas 85

CAS LAIENCY = 2.ttt ee ettt me st st sa et sttt st enas st st e s et sttt s bee st ee st ar e 86

CAS Latency = 3, 1300, TRP = 3 woreereeeeeeeeeeieeeeee e eeeeeemaeeeaesee s et eeen s ees s e s ereseeseane s eeeeenenas 87
Interleaved Column Write Cycle

CAS LAIENCY = 1 oeevieeieetieteeses e se e etsteseessses e asseseets st ee st sae st eaessetensstesenssaessnsseessstnsesestnsess 88

CAS LAIENCY = 2.eeveeeeeteeteeste st e s e teeessetssesssassmsssts st ee st sae bt e e setenssbesenssaessnsseesssssesesrnsases 89

CAS Latency = 3, 1ReDy TRP = 3 IDPL = 1 e 90

CAS Latency = 3, IReD, IRP = 2 IDPL = 2 vreeieeeeriere et ees et eestetes e sss e sans e nae e sree s 91
Auto-Precharge after a Read Burst

CAS LATENCY = Touiiuieeieeieteeietestce st eet st et bse st sae st se st bae st s s eensse st et tets e snnssenten st 92

CAS LAIENCY = 2.ttt eeesas ettt ms st st sae st et sttt enan st st ee s e sttt bne st se et ar e 93

CAS Latency = 3, 130D, TRP = 3 wovreeeieeiestereisiestsssssssssssssssessss et sessssssssssssssssnsasasssssssssssassons 94
Auto-Precharge after a Write Burst

CAS LAIENCY = 1 oeevietieetieteeseee e e et tste e tssese s s seas et s seee st sae bt ese b et ensstesenssaessnsseesssssesesresasen 95

CAS LAIENCY = 2.ecveeeeetieteestese e e e tsteseetsses e assess st s seee st sae bt eaesbetenssbesenssaessnsseessstasesentnseses 96

CAS Latency = 3, IRED, TRP = 3 coveerereeeereieisresessetssese st sses et ssessetessstessnsstessnssnessssnsesessssases 97
Full Page Read Cycle

CAS LAIENCY = 1 oieevietieetieteesese e e e teteseetssee e asseasetssese st saes bt eaessetensstesensstessnsseesssssesenrnsesen 98

CAS LAIENCY = 2.oeevieveeeteeteesteee e e e tete s etssessstssessste st ee st eae st enessetensstesensssessasseessnssesenrnseses 99

CAS Latency = 3, 00D, TRP = B coveerereeiereieesreseseetesese st sses et eessetessstessnsstessnsssessssnsssesssseses 100
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Timing Diagrams Page
Full Page Write Cycle
CAS LAIENCY = 1 oottt et ee e e e e s eee et e nanne e 101
CAS LAIENCY = 2 1veoeeeeeeeteeeeceteee e et s e e st saete st se st eassestet s seee st ess st e e asetensstesnnsatestesaeesensseseneis 102
CAS Latency = 3, IR0 TRP = Beeeeieeerieeitceeiesiesesesietssesessesss s tesessetesstesensstestesssessssesesensns 103
B G (e @ o= = 11T o PRSP 104
Burst Read and Single Write Oparation ...t e ss e nnens 105
Full Page Burst Read and Single Write Operation. ... e 106
Random Row Read (Interleaving BanKs)... ..ot nn e ns s nnens 107
Full Page Random Column REAG .....cceuiiii e rer e e e e st e e e ar e e e e e e e e snar e e eeeeees 108
Full Page Random Column WS ... ittt erae s et e snaa st e s s s e e e s erene s e nenesennees 109
Precharge Termination of a Burst
CAS LAIENCY = 1 oot ieeeeceeeeieteee e et s e st et se st eassestet s seee et e et s e e s setenssteensatestesaeessnssesenees 110
CAS LAENCY = 2 oottt ee e et a s e ee s ne e n s e s e s s ee et ean st es et e aene e e 111
CAS LaAtency = 3, IRED, TRP = Beveveveeeeeeeeeeeee e e eeee e eeee e e e e ee e en e 112
CS Function (Only TS signal needs to be asserted at mMinimum rate)........ccvovveeeieeeereseecereseeeeresee e eesneens 113
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PACKAGE DIMENSIONS (400mil; 44 lead; Thin Small Outline Package)

18.41 % 0.13

ARAAAABAAAAAASAAAHAAAR

10,18 £ 0.13
11.76 £ 0.20
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Lead #1

Detail A

| Seating Plane
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Detail A

] H | e
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0.05 Min
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NOTE: All dimensions are in millimeters; Package Diagrams are not drawn to scale.
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PACKAGE DIMENSIONS (400mil; 50 lead; Thin Small Outline Package)

20.95% 0.13
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Detail A
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NOTE: All dimensions are in millimeters; Package Diagrams are not drawn to scale.
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PACKAGE DIMENSIONS (400mil; 44 lead; 2 High Stack; Thin Small Outline J Lead Package)
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1840 £ 0.28 .75 Min
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LA AT
o
+
o
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~— +| -
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s
Lead #1 Identifier (1.27)
Lead #1
Seating Plane
NOTE: All dimensions are in millimeters; Package Diagrams are not drawn to scale.
@IBM Corporation. All rights reserved. 08J3348.E35853
Use is further subject to the provisions at the end of this document. GA1 5*5282}83

Page 116 of 120



_—= == IBM0316409C  IBM0O316809C  IBM0316169C
- IBM03164B9C
Preliminary (1Mx16 -80; -360) 16Mb Synchronous DRAM-Die Revision D

Revlslon

Contents Of Modlflcatlon

2.’1 0/97

516/97

' Correction of nole regarding total stack current {CBR cument).

- Precharge Temmination changed (now similar to burst stop).

Correct WE Read Command

Precharge Temmination changed: precharge and subsequent commands 1 clock sooner.

‘Correct A10 - Precharge Command A.

7/14/97 iPrecharge Temmination changed: last precharge 1 clock sconer.
Fix numbering of data - address Az
lenumbenngor dataaddeSAz .................................................................................................................
bage 98 Comed A1O-Read Command.
Correct A10 - first Wiite Command.
Precharge Termination: number of dala bils after command changed.
Prec.:hé;’.ge. .Terminatlon. nuﬁ;bé.r of.da.ﬁ.a bits e.lfté.r. C(;mn";aﬁ.d c.r.langed...
"""" 8/21/97AddnotetoICCQNS
opJasds Fasess BIBM Corporation. Al righs reserved.
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Revision Log

amove -7, -8; Add -322, -90. Remove low power SR. Change max. data rate.

:Remove Vier, remove part numbers.

:Remove Vier

10/08/97

hange currents - different speed sorts.
?Remove -7, -8; Add -322, -90.

{Change speed sorts.

11/14/97

@IBM Corporation. All rights reserved. 08J3348.E35853
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E;Update speed sort information: remove -90, add -80. Also, page 5, page 14, page 45, page 46, page
i48 - page 51.

Update Auto- precharge descrlptlon

Add dlagrams showmg Auto precharge Interrupt Also page 23 page 24

Change -90 to -80 or add 80 Also, page 28, page 30

'Update Power Down Mode descrlptlon Also page ; 3?

1/05/98

‘Update Read/Wnte W|th Auto precharge notes

Correct address inputs.

Add tpp clarification. Also, page 75, page 90, page 91, page 115.

2/2/98

Change -322 to -360.
"""""" 212398 ipage4 iChange looos (2mA>3mA). loos @00uA>Z mA). for 360 sorts. |
T keges  AddiMxse.
S Removecurrentsfor360(x4x1e)onlyxssuppmted .................................................................................
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