IBM0316409C IBM0316809C
IBM0316169C

16Mb Synchronous DRAM

Features

+ High Performance:

' ek | Clock Cycle 1012 ns

- §CIock Access Time = 8 9 ns

+ Single Pulsed RAS Interface

+ Fully Synchronous to Positive Clock Edge

» Dual Banks controlled by A11 (Bank Select)

+ Programmable CAS Latency: 1,2,3

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

» Programmable Wrap Sequence: Sequential or
Interleave
Description
The IBM0O316409C, IBM0316809C, and
IBM0316169C are dual bank Synchronous DRAM’s
organized as 2Mbit x 4 /O x 2 Bank, 1Mbit x 8 I/O x
2 Bank, and 512Kbit x 16 /O x 2 Bank, respectively.
These synchronous devices achieve high speed
data transfer rates of up to 100MHz by employing a
chip architecture that prefetches multiple bits and
then synchronizes the output data to a system clock.
The chip is fabricated with IBM’s advanced 16Mbit
single transistor CMOS DRAM process technology.
The device is designed 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 (x4,x8)

* Dual Data Mask for byte control (x16)

« Auto Refresh {CBR) and Self Refresh

» Suspend Mode and Power Down Mode

+ 4096 refresh cycles/64ms

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

* LVTTL compatible

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

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 and column addresses A8 and A9
are dropped on the x16 device.

Prior to any access operation, the CAS latency,
burst length, and burst sequence must be pro-
grammed into the device by address inputs 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. These devices operate with a single
3.3V 0.3V power supply and are available in
400mil TSOP Type |l packages.
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Pin Assignments (Top View)

VDD ] 1 44 1 Vgg vDbD ] 1 O 44 1 Vsg VDD 1 O 50 [] Vgs
NG [] 2 43 [] NC DQo ] 2 43 [1 DQ7 DQo [ 2 49 [1 DQ15
VSS8Q ] 3 42 [1 V88Q vs8sQ [ 3 42 [1 V88Q DQ1 3 48 1 DQ14
DQo [ 4 41 [] DQS Dat [ 4 41 [] DQ8 VS8Q [ 4 47 [] V88Q
vbDQ [ 5 40 [1 vDDQ vhbDQ [ 5 40 [] VvDDQ DQ2 [ 5 46 [] DQ13
NG [ 6 39 [1 NC DG2 06 39 [1 DQ5 DQ3 [ 6 45 [1 D@12
V38SQ [ 7 38 [] V8S8Q vssQ (| 7 38 [] V88Q vbDQ [ 7 44 1 VDDQ
DQ1 [ 8 37 [1 DQ2 DQ3 [ 8 37 [1 DQ4 DQ4 [ 8 43 [1 DQM
vDhDQ [ 9 36 [1 VvDDQ vbhDQ [ 9 36 [1 VvDDQ DQs5 9 42 [1 DQ1o
NC [] 10 35 [1 NC NG [] 10 35 [] NC VSS8Q [ 10 41 [] V88Q
NC [ 11 34 [1 NG NG [ 11 34 [ NG DQs [ 11 40 1 DQY
WE [ 12 33 [] DQM WE |12 33 [] DQM DQ7 [] 12 39 [] DQ8
CAS [] 13 32 [] CLK CAS [] 13 32 [0 CLK vDDQ [] 18 38 [ vDDQ
RAS [ 14 31 [ CKE RAS [ 14 31 [1 CKE LDaM [ 14 37 [0 NC
cs 15 30 1 NC cs 15 30 1 NC WE [] 15 36 1 UDQM
Al1 (BS) [] 16 29 [1 A9 A11(BS) [ 18 29 [] A9 CAS [| 18 35 [] GLK
A10 [ 17 28 [1 A8 Al0 [[ 17 28 [1 A8 RAS [ 17 34 [1 CKE
Ao [] 18 27 ] A7 A0 [] 18 27 1 A7 Cs [] 18 33 [J NC
Al [ 19 26 [] A6 Al ] 19 26 [1 AG A11(BS) ] 19 32 ] A9
A2 [] 20 25 [0 AS Az [] 20 25 1 AS A10 [] 20 31 [0 A8
A3 [ 21 24 |1 A4 A3 [ 21 24 |1 A4 A0 [ 21 30 [ A7
VDD ] 22 23 [1 Vgg VDD [] 22 23 [] Vgg Al [ 22 29 [1 A8
A2 [] 23 28 [] Ab
A3 [ 24 27 [ A4
VDD [] 25 26 [] Vgg
44-pin Plastic TSOP(II} 400 mil 44-pin Plastic TSCP(ll) 400 mil 50-pin Plastic TSOP(Il) 400 mil
2Mbit x 4 /O x 2 Bank 1Mbitx 8 1/0 x 2 Bank 512Kbit x 16 /0 x 2 Bank
IBM0316409CT3 IBMO0316809CT3 IBM0316169CT3
Pin Description
CLK Clock Input DQo-DQ15 Data Input/Quitput
CKE Clack Enable : DQM,LDQM, UDGM Data Mask
cs Chip Select 5 vDD Power (+3.3V)
RAS Row Address Strobe V8§ Ground ‘
CAS Column Address Strobe vDDQ Power for DQ's (+3.3V)
WE Write Enable : V85Q Ground for DQ’s |
A11 (BS) Bank Select NC No Connection
AD - A10 Address Inputs : — —
©|B|\,1(30rporauonA||ngmsresewed07H3997
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Input/Output Functional Description

Symbol 5 Type ESignal Polarity Function

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

: : Activates the CLK signal when high and deactivates the CLK signal when low. By deacti-
CKE o Input : Level . vating the clock, GKE low initiates the Power Down mode, Suspend mode, or the Self
: : Refresh mode.
: : CS enables the command decoder when low and disables the command decoder when
CS . Input : Pulse Actlive Low high. When the command deceder is disabled, new commands are ignored but previous
: : operations continue.
RAS, CAS lnout Pul Active L When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the
et Pulse - Aclive Low operation to be executed by the SDRAM.

A11(BS) : Input : Level — Selects which bank is to be active. A11 low selects bank A and A11 high selects bank B.
: ' During a Bank Activate command cycle, A0-A10 defines the row address (RA0-RA10)
when sampled at the rising clock edge.

During a Read or Write command cycle, A0-A9 defines the column address (CAO0-CA9)
when sampled at the rising clock edge. In addition to the column address, A10 is used to
invoke autoprecharge operation at the end of the burst read or write cycle. If A10 is high,
autoprecharge is selected and A11 defines the bank to be precharged (low=bark A,
high=bank B). If A10 is low, autoprecharge is disabled.

A0-A10 © Input | Level —

During a Precharge command cycle, A10 is used in conjunction with A11 to control which
bank(s) to precharge. If A10 is high, both bank A and bank B will be precharged regard-
less of the state of A11. If A10is low, then A11 is used to define which bank to precharge.

DQo - DQ15 : (‘.I)Tt)F;ﬁt ¢ Level — Data Input/Cutput pins cperate in the same manner as on conventional DRAMs.
DQM The Data Input/Output mask places the DQ buffers in a high impedance state when sam-
LDOM pled high. In Read mode, DQM has a latency of two clock cycles and controls the output

UDQM Input Pulse : Aclive Low buffers like an output enable. In Write mode, DQM has a latency of zero and operates as
: : a word mask by allowing input data to be written if it is low but blocks the write operation
it DQM is high.
VDD, Vgs Supply Power and ground for the input buffers and the core logic.
Isolated power supply and ground for the output buffers to provide improved noise immu-

VDDQ VSSQ' Supply | — T iy
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Ordering Information

Part Number CAS Latencies SPL?:;; 8');)0?2 Package Org.
 IBMostedoscTato | 123 a3V s 400miTypell TSOP 44 | “
""""" IBMO316409CTa 12 | 123 a3V s | 4oomiTypelITSOP44 | xd

IBM0316809CT3-10 1,23 3.3V : 10ns 400mil Type Il TSOP-44 x8
IBM0316809CT3-12 1,23 : 3.3V 12ns : 400mil Type Il TSOP-44 x8
 IBMo3tetescT3t0 | 123 @3V fons . 400milTypell TSOP50 | xi6 |

IBM0316169CT3-12 1,23 : 3.3V 12ns : 400mil Type |l TSOP-50 x16
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Block Diagram (2Mbit x 4 1/0 x 2 Bank)

=" '
1
1
X
[+}
=
pa 2048 x 1024
§ 2048 Memory Bank A
(=1
o
CKE—-‘ GKE Buffer -
—
Qj 8
Row L}—‘—‘
Address NS 1
Counter Sense Amgplitiers
Bank A N
LK ch/(;,olumn Column Decoder and DQ CGate
CLK Buffer elect ~
W
4
AO 4-41L I
Al — Sequential g
A2 —= WV Gontrol 5
A3 — § N Bark A g =0
Ao o § — T ¢ [2oa2
A6 —» 2 2 _'D—-DQ2
3
A7 —= 2 : £ 3
A8 g 17 11_ ¥ Mode Register =
A9 —= 2 2
A1Q —= — T
Al1 (BS) —=

! — Sequential
e L ] Contral
CS CS Buffer | Ep Bank B

RAS ' 5 [ Bank & =
E Row/Caolumn Column Decoder and DQ Gate
8 Select L
. © Sense Amplifiers
_ g . I
) 1K
&
WE WE Buffer
o
o
| g 2048 > Memory Bank B
it 2048 x 1024
DQM DQM Buffer E:C;g
== |
]
I
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Block Diagram (1Mbit x 8 1/O0 x 2 Bank)

CKE—-{ CKE Bufler

—
A
Row v
Address 8
Counter Sense Amgplitiers
Bank A
Row/Column Column Decoder and DQ CGate -
CLK LK Buffer Select P ’ls
i JJJJ

AO 4-4"; || @
Al —= Sequential |||| Data Latches %
A2 —= WV Gontral L o
R —— Bank A | * 8 74 2
Ad —= 5 g
A5 —» & T g
AB —w» 3 g
A7 —> 3 :[ E
A8 g B 11 YMode Register )l
A9 —= 2 °

A1Q —= — T _IB g
All (BS) — | e /
- Sequential X _|—I
;\ —

cs

s —{aneH
ozt

WE Buffer

18poag Moy

2048 x 512
Memory Bank A

Command Decoder

]‘|]]]‘I1

alches

Bank B
Row/Column

Select

DQM Buffer

Row Decoder

Column Decoder and DQ Gate

Sense Amplifiers

Memory Bank B
2048 x 512

—=DQO
—DQ1
—DQ2
—DQ3
—DQ4
—DQ5
—DQ6
—=DQ7
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Block Diagram (512Kbit x 16 1/O x 2 Bank)

z
é 2048 x 256
§ Memary Bank A
CKE—-‘ GKE Butfer 2
e
4’@{5_4 T
R
Accress =>DQO0
Counter —-D(());
Bank A ’DOB
:l Row/Column =] )O4
CLK CLK Butfer Select ¢ —D
s —DQ5
| »D6
A0 T é —’Dgg
Al —= Sequential é =DQ9%
A2 —= Gontrol = F+DQ10
el A — TBEM & DQ11
: — -DQ12
AH —» 2
AB —w» 3 —DQ13
Ar—> % s rege] —=DQ14
A8 :: £ 12 11 Y Mode Register Q15
A9 —= 2 D
A10 —» - |
All (BS) — |
I - Sequentia
- frens
cs | 55

L
== | L -
RAS RAS Buffer - e
Row/Column
»
CAS CAS Buffer

Select
WE Buffer
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Power On and Initialization

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

Like a conventional DRAM, the Synchronous DRAM must be powered up and initialized in a predefined man-
ner. During power on, all VDD and VDDQ pins must be built up simultaneously to the specified voltage 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 1o 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.
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Mode Register Operation (Address Input For Mode Set)

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

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

Operation Mode

Maode
| Normal 0 Sequential
Multiple Burst with 1 Interleave
X X100 Single Wiite | L

: Latency : : Length
M2 0 M1 0 MO oo
Reserve N S S ‘Sequential; Interleave |
____________________________________________ 1 0.0 .0 1 O
1 0 0 Reserve 0 1 1 8 8
1 0 | 1 ! Reserve 1 0 0 Reserve | Reserve
11 0  Reserve ° 1 0 1 Reserve Reserveé
""" 1 1 1  Reserve | 1 1 .0  Resewve = Resewe |
1 1 .1 FulPage Resewve |
07H3997 ....................................................................................................................................................................................................................................................................................................................... © |BMC0rporanonA||r|gmsreserved
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Burst Mode Operation

Burst mode operation is used to provide a constant flow of data to memory locations {write cycle), or from
memory locations (read cycle). There are three parameters that define how the burst mode will operate.
These parameters include burst sequence, burst length, and operation mode. The burst sequence and burst
length are programmable, and are determined by address bits 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, x8, or x16 ). Full page burst operation is anly pos-
sible using the sequential burst type.

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

Burst Length and Sequence

X %0 0,1 : 0,1
x %1 1,0 1,0
o e 0 1.’.2’ ; mo,'i S
x01 | 1,2,3,0 1,0,3,2
! x10 2,3,0,1 2,3,0,1
x11 3,012 3,21,0
- e00 01234567 01234567
oot | 2845870 10325476
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
o . 3 4.,.5,. . ?; 0.’.1’..2 . 32 1 0.,..?,.6’ 5 s
8 o . 4 5.,.6,..7’ o 123 . 45 6 7.,..0, . 2 =
Cor 56 ? o 12 34 5 4?6 1 032 .
o 87 0 . 23 4 - 6 745 2 301 .
""""""""""" 111 70128456 . 76543210
""" Ful Page(Not) = nnn . CnGCm1,Cm2 ... - NotSuppoted
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
X16 organization {(CAO-CA7); Page Length = 256 bits
©IBMcom0ra“0nA”ngmmsewec’OFHSQQ?
Use is further subject to the provisions at the end of this document. SA14-4711-05

Revised 1/07/97
Page 10 of 103



T= IBM0316409C IBM0316809C
IBM0O316169C
16Mb Synchronous DRAM

Bank Activate Command

In relation to the operation of a fast page mode DRAM, the Bank Activate command corresponds to a falling
RAS signal. The Bank Activate command is issued by holding CAS and WE high with CS and RAS low at the
rising edge of the clock. The bank select address, 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 to determine which row to activate in the selected bank.

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

Bank Activate Command Cycle (CAS latency = 3)

TO T T2 T3 Tn Tn+1 Th+2 Tn+3
CLK X i \ \
I | \ I
| \ | \ / |
Bank A i \ ¢ A Bank A
ADDRESS (Row Addr./ \ {7y / \ Col. Addr.
[

RAS CAS delay (1RCD) ‘F}AS RAS delay time (tRRD)

Bank A Write A Bank B Bank A
GOMMAND{ Actlvate )_( NOP H NOP H Ig\:’gglgwg% ........ Activate NOP Activate NOP

RAS Cycle fime (trc)

Read and Write Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting RAS
high and CAS low at the clock’s rising edge after the necessary RAS to CAS delay (Ipep). 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 /O x 2 Bank device has a page length of 1024 bits (defined by CAO-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 (CAO-CA9). However, the second access is not necessarily the next higher order column
address. The second access is a function of the starting address, the burst sequence, and burst boundary.
Restated, the burst sequence is contained to four bits associated with one of the 256 possible boundary seg-
ments. The actual boundary segment (1 of 256) is determined by the eight higher order column addresses
(CAZ2-CA9). The first access within this boundary segment is determined by the two low order column
addresses (CAD-CA1) and the following three accesses are determined by the burst sequence.

07H3997 ©IBM Corporation. All rights reserved.
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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 ar write cycle can not begin until the sense amplifiers
latch the selected row address informaltion. The refresh period (1geg) is what limits the number of random col-
umn accesses 1o 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 lo as the 1-N rule.
When the previous burst is interrupted by another Read or Write Command, the remaining addresses are
overridden by the new address once the CAS Latency has been satisfied.

Precharging an active bank after each read or write operation is not necessary providing the same row is to
be accessed again. To perform a read or write cycle to a different row within an activated bank, the bank must
be precharged and a new Bank Activate command must be issued. When both Bank A and Bank B are acti-
valed, 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 slarting 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 outpuls is equal 1o the value of the CAS
latency that is set in the Mode Register.

Burst Read Operation (BurstLength = 4, CAS latency =1, 2, 3)
T0 T4 T2 T3 T4 15 17

CLK J \ ' L 4 L L
%

Jl J\ Il

|
| \
COMMAND{ READA)—( NOP >—( NOP >—< NOP )—( NOP >—< NOP )—( NOP >—( NOP )—( NOP

e | | |
g

|

CAS latency =1 | ] \ |
; "—( DOUT Ag DOUT A4 DOUT A DOUT Az

tCK1, DQ@'s / |

|

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

|

|

< DOUT Ag X DOUT A4 DOUT Az X DOUT A3 )

| DOUTAO X DOUT Ay X DOUT A X DOUT Az \

CAS latency =3

tCK3, DG's | /
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Read Interrupted by a Read

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

(BurstLength = 4, CAS latency = 1, 2, 3)
TO T1 T2 T3 T4 T6 17 T8

ClLK X : : l A L L
| | | |
| | |
COMMAND( READ A )—< READ BH NOP >—< NOP )—( NOP )—( NOP )—( NOP >—< NOP )—( NOP )—

[

| |
CAS latency = 1 | ¥

,y —|7{ DOUT Aq X DOUT By X DOUT By DOUT B3 DOUT B3 \
tCK1, DQ's /
|

X X
\
: ( DOUT Ag X DOUT By X DOUT By X DOUT B X DOUT B3 >
| |
1 X X DOUT By X DOUT By X DOUT By >|—

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

|

|

CAS latency = 3
TCKS, DQ's

DOUT A9 X DOUTBg

Read Interrupted by a Write

Dependent upon CAS Latency and burst length, there exist two methods in which a burst read operation can
be interrupted by a Write Command and one situation in which a burst read operation can not be interrupted

by a Write Command. To interrupt a burst read with a Write Command, DQM must be used to avoid data con-
tention on the /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, DQM must be activated at least 3 clock cycles before the Write Command and be deactivated in the

same clock cycle as the Write Command.
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Method 1: CAS latency = 1 or 2, Burst Length = Any

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

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

1 Clk Inlerval

To T1 T2 T3 T4 T6 17 T8
CLK } A \ A A l \ \ L L
| | | | | | | | |
' ‘ l | | \ \ | |
DM ak | o\ | | |
| | o | | |
S| \ | | |

BANK A
COMMAND( NOP )—( NOP )_(ACTIVATEH NOP )—(READA )—(WRITEA)—( NOP

| H H
i L {onng H H onisg W onne )
| H H

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

|

I

Must be Hi-Z betore ‘
the Write Command

: ( DIN Ag )—( DIN Ay

CAS latency = 2
tCKZ’ DQ's

DIN Ap

Non-minimum Read to Write Interval: BurstLength = 4, CAS Iatency =1,2
TO T T2 13 T4 16 17 18

i

CLK i

DQM

4
|
|
|
|
|

| — — — Ly
-

|
|
| \
|
.|
COMMAND( )—(READA)—( NOP )—< NOP >—< NOP )—(WRITEB

| |
/ DOUT Ag X DOUT Aq

|
|
\ \
\
\

|
CAS latency = 1 |
tCK1, DQ's |
|

|

|

DIN Bg

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

1 DOUT Ag : DIN By

CAS latency = 2
10K2! DQ's

I%I
I%I
I%I
URUR
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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

oK | ' | l | | lL B

|
|
DQM |
|

A A

COMMAND( NOP )—<READA>—( NOP )—( NOP >—< NOP )—( NOP )—(WRITEB)—( NOP )—( NOP )-
‘
DIN Bg )—( DIN B4 )-( DIN B2 }

DOUT Ag

| Must be Hi-Z before |
the Write Command

If the CAS latency is 3 and the burst length is full page, then a Burst Read operation can never be interrupted
by a Write command. In this situation, the Burst Read operation must be interrupted by a Burst Stop
Command before a Write operation can be issued 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 } A 'y A A l A A L L

COMMAND( NO )—<WRITEA)—( NGOP )—( NOP )—( NOP )—( NOP )—( NOP >—< NOP )—( NOP )-
\ | |
\ | |
DQO - DQ3 —‘—( DIN Ag )—( DIN A4 )—( DIN Aa )—( DIN Az | | |
| ] | | |

The first data element and the Write Extra data is masked.
are registered on the same clock edge.

Write Interrupted by a Write

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

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

T1 T2 13 T4 15 16 17 18

CLK } i 4

COMMAND«( NOP >—<WRITEA WRITEB

1 Clk In1erva|

DG's 4‘—( DIN Ag )—( DINBg )—( DIN B4
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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
|
| | | | | | | |
COMMAND«( NOP )—(WRITEA)—( READB)—( NOP >—< NOP )—( NOP )—( NCP )—( NOP >—< NOP }
\ | i ", \

i A A 'y 'y 'y )

CAS latency = 1
tCK1, LQ's

DOUT By X DOUT By X DOUT By X DOUT 83

DOUTBO X DOUT B4 X DOUT Bs X DOUT B3 )—

DCUT Bg X DOUT By X DOUT Bo X DOUT By )

CAS latency =2

|
|
|
|
|
toke, DQ's |

CAS lalency =3

tCK3, DQ's
Input data must be removed from the DQ's at least one clock
g .cycle betore the Read data appears on the outputs to avoid
Input data for the Write 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 J | L L A L
COM MAND( READ A )—{ NOP )—( NCP >—< NOP >—( Bs‘t’;‘;‘}"") { NOP )—( NOP >—< NOP )—< NOP )-
N \

|
GAS latency =1 ‘ \1:3 The burst énds after a delay equal to the CAS latency.
. DOUT Ag DOUT A4 DOUT Az DOUT Az Py
toxe, DQ's ' 5 [,

\ \
CAS latency =2 | | { boura XDOUTA XDOUTA XDOUTA
thQ’ DQ's ‘ ‘ \ 0 1 ; ’
| \ | | \ |
| |
| |

! < DOUT Ag X DOUT Aq X DOUT Ay X DOUT Ag >:’5'

CAS latency =3
TCKQ, DAQ's

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

CLK J A | L
|
\ \ | |
COMMAND( NOP )—(WRITEA)—( NCP )—( NOP )—( Bsﬁ,‘ )—( NOP )—( NOP )—( NOP )—( NOP )—
\ \ |
TCAS latency = 1 23\
DQY's 4( DINAO )—( DIN Aq )—( DIN Ag
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Auto-Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Pre-
charge Command or the auto-precharge function. When a Read or a Write Command is given to the SDRAM,
the CAS timing accepts one exira address, column address A10, 1o allow the active bank to automatically
begin precharge at the earliest possible moment during the burst read or write cycle. If A10 is low when the
READ or WRITE Command is issued, then normal Read or Write burst operation is executed and the bank
remains active at the completion of the burst sequence. If 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

A A

| |
| | \ \ | | \
commaanD { BEIRE W wor )} wor )(EER0AN (Twor Y{Twor W wop }(Twor YT wor )
o | |

CAS latency =1

tCK1, DQ’s

tCKE, DQ’s

CAS latency =3
foks, DQ's

=< £

\
DOUT Ag X DOUT A4 DOUT Ao
/

|
|
|
|
|
CAS latency =2 |
|
1
|
|
!
I
[

[ | | | | | |
Begin Autoprecharge % Bank can be reactivated at completion of igp

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

I I \ \ \
TAS latency - 1 | | | \ \~~:': --------------- tDAL -------------- | \ |
*
toki, DQ's | | | [ om Ag H DIN Aq V3 | | |
| | | ) /o | | |
I I
_ . FoAL «oon[oo s
CAS latency =2 | | | ‘ ‘ | | | ‘
toke, DQ's | | | ( DIN Ag )-( DIN Ay } L | | |
| | \ \ \ | | \ \
CAS latency =3 | | ‘ | [ —— | [ P T— | | ——
toks, DQ's | | \ { oN Ag >_< DIN Aq \ * \ \
[ [ [ \ ‘ ‘ / [ [ [ [
“% 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

o iy & i
LOW LOW Bank A only ‘

e e
HIGH DON'T GARE ' Both Banks A and B

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

CLKJALL» »LJLL

COMMAND(READAXO)—( NOP )—( NOP >—< NOP )—(PrechargeA)—( NOP )—( NOP >—< NOP )—( NOP )-

T T

\ \ ¥

\ \ \
CAS latency =2 ‘ ‘ / \ ‘

| | DOUT Axg DOUT Ax4 DOUT Axo DOUT Axz / |

I I I

towe, 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 >—< pativalo }( NOP )—(WRITEAXOH NOP )—(PrechargeA)—( NOP )—( NOP )—( NOP >—

tpp - medege o R -

| [

| |

\ B

\ \
{ \
{ DINAxg >-< DIN Axq )

o)
'*
o

\

\

\

|

| | \ | \
| | \ | | \
| | \ | | \
CAS Iatency =2 | | ‘ | | ‘
| i ! | i !
| | \ | | \
| | | | | |

tCKE, DQ'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 T1 T2 T3 T4 T5 T6 T7 T8
o L LTl
| | | | | | | | |
\ \ | \ \ \ | |
DQM 1 | | | | | | | |
\ \ | \ \ \ | |
\ | \ \ \ | |
COM MAND( NOP )—(READ Aon NOP >—(Precharge H NOP )—{ NOP )—( NOP >—< NOP )—( NOP >—
\ \ | \ \ | |
| | | | \ | | | |
TAS \ \ ' ' : \ \ | |
CAS latency =1 { DOUT A X DOUT A
) X0 X
tCK1, DQ’s ‘ ‘ \ ! ‘ ‘ | |
‘ ‘ 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

CLK

DAQM

COMMAND(HEADAXOH NOP )—( NOP HPrechargeH NOP >—< NOP >—< NOP )—( NOP )—( NOP >v

[

{ DOUT Axq X DOUT Axq X DOUT Ax )

tCKE, DQ’s

|
|
CAS latency = 2 |
|
I

JBank can be reactivated at complefion of 1Rp DOM is nee:de o0 mask Burst i§:1errnina1ed two clocks after the Precharge command.

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

DGM

COMMAND(HEADAXOH NOP H NOP H NOP >—(PrechargeA>—( NOP H NOP H NOP H NOP )~

( DOUT Axg X DOUT Axq X DOUT Axp )

TGKQ, DQ's

\ \
| |
CAS latency = 3 ‘ ‘
\ \
| |

]

Bank b tivated at e 1t DM is needed to 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

A
i
|
|
|
|

—

COMMAND( NOP H NOP }(WRITEA)(OH NOP H NOP )—(PrechargeA)—( NOP H NOP H NOP >—

T 1 T T T T

| | | = \ |

E %*

| | | | " b | |
CAS latency =1 | | ‘ ‘ ‘ : | ‘ ‘
toke, DQ's | | DIN Axg )—( DIN Axy >—< DIN AXg | | |

| | | | |

| | | | |

i i DOM is needed 1o 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

A

DAQM

|
\ |
\ \
\ \
i i
\ \
\

[ 1
| |
| | \
| \
! !
I I
| \
| \

COMMAND( NOP )—( NOP }(WRITEAX()H NOP )—( NOP )—(PrechargeA)—( NOP )—( NOP )—< NOP )——

‘w:?- topL

DIN Axg H DIN Axy )-( DIN Axa )-\

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

tCKE, DQ's

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

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

[
| | |
| | \ \ \
| | \ \ \
i i i i \
| | \ \ \
| | \ \

COMMAND( NOP )—( NOP )*(WRITEAXOH NOP H NOP HPrechargeA)—( NOP )—( NOP )—( NOP >—

| | \ | t \ \
B Rttt PEERT RP e
| | | | | \ -ch
| | | o . e T =
CAS latency =3 | | ‘ ‘ | ‘ ‘
loks, DQ's | | ( DIN Axg )-( DIN Axq >q ) { | ‘ ‘
| | \ \ o, i | \ \
I I O I | |
i i DQMis ni eaed 1o 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 (ipp) belore the Auto Refresh Command (CBR) can be applied. 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 (tgre).

Self Refresh Command

The SDRAM device has a built-in timer fo accommodate Self Refresh operation. The Self Refresh Command
is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the clock. Once the
Command is registered, CKE must be held low to keep the device in Self Refresh mode. When the SDRAM
has entered Self Refresh mode all of the external control signals, except CKE, are disabled. The clock is
internally disabled during Self Refresh Operation to save power. The user may halt the external clock while
the device is in Self Refresh mode, however, the clock must be restarted before the device can exit Self
Refresh operation. Once the clock is cycling, the device will exit Self Refresh operation on the second posi-
tive clock transition after CKE is returned high. A minimum delay time is required when the device exits Self
Refresh Operation and before the next command can be issued. This delay is equal to the RAS cycle time

(trc)-

Data Mask

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

Data Mask Activated During a Read Cycle (Burst Length = 4, CAS latency = 1)
TO T1 T2 T3 T4 15 T6 T7 T8

4L L L
b N
S e ) T e e e [ o W n )

T T T T

\ | \ | |

\ / | \ \ | |
DOUT Ag DOUT A4

‘ \ / A two clock delay before ‘ I I

the DQY’s become Hi-Z

fioe-

A

DGM

A
[
\
\
\
\

A
[
|
|
|
|

DQ’s
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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)

T0 11 T2 13 T4 15 16 17 18
CLK }A A A A A l A A L L
| | | | | | | | |
| | | | | | | | |
CKE | | | \ | | | / | A one clock delay 1o exit
" the Suspend command
| | | | e, A one clock delay before | “
| | | | ::ﬁfuspend operation siaris |
COMMAND( NOP >—< READ A )—( NOP >—< NOP >—: }
| | | | | | | | |
| | | /
DQoO - DQ3 | ‘ ‘ \DOUT Ag DOUT A4 DOUT Ap

pouTt elefnent atthe 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
|
|
|

CLK L i
| I
| !
CKE | |
| ‘ A one clock delay before
l ‘ "y, SUSPENd operation starts
ot
COIVIIVIAND( NOP H WRITE A H NOP H NOP } ¢
N R
| \ \ | | \
| | | | ]
DGO - DQ3 —;—( DIN Ag )—( DIN Ay >—< DIN Ap )-4

|
DIN is masked during the Glock Suspenid Period

A

for-

1 3

W

A one clock delay 1o exit
the Suspend command

[
[
|
\
\
|
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Command Truth Table (Notes: 1)
o

Function

CS TRAS | CAS F DOM | A1l A10 A3-A0 | Notes

Previous Current :
Cycle : Cycle

%Auto (GBR) Refresh H H X X X

iﬁEntry Self Refresh H L HX 777777777777 X 777777777777777 X

Single Bank Precharge ~© H x L L H L x B L x >
Precharge all Banks | Hoooox L L H L ooX X Heoox o
BankAdlvate || WX L L H H X B Row Address | 2
wie Ho X L W L L X BS L Cowm 2
White with Auto-Praecharge H X L H L L X BS H ' Column 2
iRead H X L H L H X BS L Coumn 2
Read with Auto-Precharge 5 H X L H L H X BS H Column 2
3B.l.J.rSt..Té;mi.ﬁ.a“.(.m... IR H - X ...... L... - H - H . |_ X ...... x... X . X \

No Operation H X L H H H X X X X

iD.é.Vi(;e b.es.é.le(.;.t | H - X ...... H... - X - X - X X ...... X... X X

§CIock Suspend/Standby Made : L X X X X X X X X X 4
Datawme/OUtmenaue H - X ...... X - X - X - X |_ ...... X X X 5
Data Mask/Output Disable 5 H X X X X X H X X X 5
Power DownMOdeEntw x - |_ ...... X - x - x - X X ...... X X x 6?
ip'(.)'wé.r D..(.)w.r.].M.(.Jd;E).(.i.t - . . H ...... X... - X - X . X X ...... X... X X 67

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

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 DG Read and Write operations. During a Read cycle, when DGM goes high at a clock tim-
ing the data outpuls ave disabled and become high impedance after a two clock delay. DQM also provides a data mask function for
White cycles. When it activates, the Write operation at the clock is prohibited (zero clock latency).

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

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

@IBM Corporation. All rights reserved. 07H3997
Use is further subject to the provisions at the end of this document. SA14-4711-05

Revised 1/07/97
Page 28 of 103



T= IBM0316409C IBM0316809C
IBM0O316169C
16Mb Synchronous DRAM

Clock Enable (CKE) Truth Table

. CKE B BT Command .
Current State Pg}wous Current ﬁ ﬁ' m W E A11A10A0 Action  Notes
OH X X | X X X X X INVALID 1
L H H X X X X X fExit Self Refresh with Device Deselect: 2
L H L H H H X X :Exit Self Refresh with No Operation 2
SelfRefresh L | Hooo L H M L X X ‘LEeaL 2
L H L H L X X | X zILLEGAL 2
|_ H . |_ . |_ . X < X X . ILLEGAL ...... 2 .
. L . L X . X X < X ...... X ...EM.aih.t.air.]..SéifF.a.éfr.é.Sh.. | o
H X X X X X X X ?INVALID S
L . H H . X . X . . X X . powerDowandeex,ta||bank3,d|e 2
Power Down :
L H L X X X X X GILLEGAL 2
R X | X X X X | X MatainPower Down Mode
""""""""""""""""""" HoOH M X X X e
AR XK et e e gt setonatho.
H H L L H X | 3
H . L.. . L . L | . X X . CBR RefmSh ......
H H L L L L OP Code 'Mode Register Set 4
Al Borks Idle H . ] | H X X AN ETTT s
_________ b b M X X Cunen Stale Truin Table %
H L L L H X ‘ 3
""""" WL o LiL L H X X EnrySefRefresh 4
H . ] L . L ..L.. 5 OPGOde ...?M.Od.‘;R.é.gié.ter...se... TR e
L X X i X X X X | X PowerDown g
XX X X x x BderloopmmersinieGuen
(’:‘{A;ﬁtﬁéﬁ | ] . X ...... Begm C.I.éck.suépéhd..né).(.t C.S.".Clé. 5
listed above L H ‘ : | ?Exit Clock Suspend next cycle
. L L X X . X X X X . Mamtam ClOCk Suspend ST S

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 alegal command as defined in the Current State Truth Table.
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Current State Truth Table (Notes: 1)

Command

Current State : : : : Action Notes

&
&
s/
it
&
)
>
@
=
=

A11 A10-A0 Description

L L L L OP Code :Mode Register Set  : Set the Mode Register 2
Ll LH X X ‘AutoorSelfRefresh Start Auto or Self Refresh 23
L L X EPrecharge No Operatlon :
L” L i RowAddress ‘Bank Aotlvate o Actlvate the speclfled bank and row
de L H L L BSI Column Wiite wio Prechavge ILLEGAL T 4
LW L H B ¢ Column ReadwioPrecharge ILLEGAL 4
i H x - Burst Termmat.on NO operanon BT U P TUUURSTURRTUOS TR
L H ” X z.No Operatlon o No Operatlon
H : X ” X ;.Devloe Deseleot ” No Operalion 6} Power Down S 5
"""""""""" LLOPGodeModeReglsterSetILLEGAL
L L X ‘Auto or SeIfRefresh ILLEGAL
[ X M?F’”rocharge Precharge
L L Row Address : Bank Activate 'ILLEGAL
RowAdive | L H L. L BS. Coumn  Wite Start Write: Determine if Auto Precharge 7,8
LM L H Bs . Column Read . Start Read: Determine if Auto Precharge 7,8
|_ : H e x Burst férﬁ;,in.é.tio'h. » No Operation ST
L H X :No Operation kNo Operalion
H X X ;Devioe Deselect 'No Operation
[ T T R OP Code  Mode Register Set ILLEGAL
L L . X AuloorSelf Refresh ILLEGAL
L” L ” X i.Preoharge Termlnate Burst Start the Preoharge .
:...L..g ] AT ;.BankAthate e ILLEGAL s 4 »
Read L H L L BS Column  Wile Terminale Bursl; Star lhe Wiile cydle 8,9
LW L H BS Column ‘Read Terminate Burst; Start a new Road cycle 8,9
L H X fBurst Termlnatlon KTermlnate the Burst
L : H ” X ;.No Operatlon ” Contlnue the Burst
H X X ‘Device Deselect Continue the Burst

. 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.

. Both Banks must be idle otherwise it is anillegal action.
. It CKE is active (high) the SDRAM will start the Auto (CBR) Refresh cperation, if CKE is inactive {low) than the Self Refresh mode

is entered.

. 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 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 Aclive time (tras) must be satisfied.
The RAS to CAS Delay (trcp) must eccur 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)

Current Stale g G ommand ---------- L Aclion Notes
______________________________ S A A W AT A1 A DO DO oo oo
LiL L .L _  OPCode  iModeRegister Set ILLEGAL
R e T e e D
T T i S R e e St e
L i L H H BS RowAddess BankAclivale ILLEGAL 4
wite | LiH L L BS Coumn iwite Terminate Burst; Start a new Write oycle . 8,3
L H L H BS Column {Read Torminate Burst; Startthe Readcydle 8,9
AR SV SO Rl M il
L H H H : X X ENo Operation Continue the Burst
CHEX X X X X Device Deselect  Continue theBurst
"""""""""""""""""" LiL L. L  OPGode ModeRegisterSet ILEGAL .
L L L H X X éAuto or Self Refresh %ILLEGAL
LiL 1oL '  Procharge ILLEGAL
""" L L H H BS RowAddrss BankActvate  ILLEGAL 4
Rosdwithlo LiH L L 88 ¢ qumnILLEGAL """"""""""""""""""""""""""""""""""""""""
LiH L H BS GColumn Read ILLEGAL
LiH M L X . X  BurstTeminafion ILLFGAL
R e e e e e
""" HiX X X X X  iDeviceDeselect  ContinuetheBurst .
Ll Lo OP Code  Mode Register Set | ILL EGAL
R T s s e
T e T i e e R

HLLEGAL

—
—

Mhocharge L M L. L Bs  Coumn | R
LiH: L :H BS: Column | HLLEGAL
LiH H L X . X  iBurstTeminaion ILLEGAL
L i H H H : X X ENo Operation §Gontinue the Burst
CHIX X X X X DeviceDeselect | ConfinuetheBurst

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 anillegal action.

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

4. The Cument 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)

Current State 777 ----------------- Command ---------- pemrrens s Action Notes
. CS RASCAS WE AU} M0-A0 _ Deserpion 0 77
L L L L
UL LM x| X AuloorSelfRefresh ILLFGAL
i L ...H ...... ] BS ..... X ..... ;P..réc.r.]a@.e D “Nonohéréﬁ'oﬁi B.é.nk.(..s) i.alé.é“.é.r tF.‘.P
L L H H 4 BS éRow Addresszank Activate leLEGAL
Precharging L H L L ‘ : Column ;Wn’te : ILLEGAL
L.H L H BS| Golumn Read ~  ILEGAL 4
LoH OH L X X BurstTerminafion No Operafion; Bank(s) idle after tye
LHOH OH X X NoOperaon ! No Operation: Bark(s) idle after ty
X XX x i X Device Deselect  NoOperation; Bank(s) idle after tye
"""""""""""""" L L L L OPCode  ModeRegisterSet ILLEGAL
L ] i L H )( o x AUtO Orsengefresh |LLEGAL
L ] . H L BS x Precha.—ge A |LLEGAL SO PPI 4 .
L 5 L H j H ‘ Row Address ;Bank Activate 'ILLEGAL 4,10
RowActivating. L H L . L BS . Column wite weeA. 4
|_H |_ H BS Co|umn Read T ILLEGAL BT 4 .
LH H L SN S X Burst Termmanon . NO Opera“onF}OWACnveaﬂertRCD e
L H : H : H X ‘No Operation No Operation; Row Aclive after tpop
H X : X X : X éDevice Deselect No Operation; Row Aclive after tggp
L L L L OPGode  ModeRegister Sel ILLEGAL
|_|_ |_ H x S x AUtO OrSe”Refresh ILLEGAL
L L H L BS! X  Prchage | leeaL 4
L L H ' H BS RowAddress Bank Aclivale ILLEGAL 4
L H L H  BS Column  :RHead Start Read; Determine if Auto Precharge 9
L H : H L X X Burst Termination No Operation; Row Active after tpp :
""" L H H H X i X  NoOpeation  NoOpewfion;Row Acfive after tpp,
"H X X X X | X  DeviceDesclect  NoOpewlion; Row Active after s, =

1. CKE is assumed to be active (high) in the previous cycle for all enties. 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 GKE is inactive {low) than the Self Refresh mode
is entered.

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.

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

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

7. The RAS to CAS Delay (lrep) 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 salisty any bus contention, bus tum arcund, 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 (Continued) (Notes: 1)

Current Stale g G ommand ---------- L Aclion Notes
______________________________ G A CAS WL AT AT0 - A0 i DesCDON e
LiL L OP Code  Mode Register Set  ILLEGAL
; L LH x x ”'EAutoorse”Refresh |LLEGAL ......
; L H L Bs x MEPreCharge |LLEGAL ......
wite  LLolLo M B Row Addross BanAcivale  LEGAL T
Recovering | | {4 L BS @ Column rite HLLEGAL 4,9
with Auto B P PP TR IR ST
Precharge L i H H B8 : Column ;Read §ILLEGAL Po4,9
L H ..... L x X Burst Termlnatlon . ?No Operatlon Precharge afterleL T
L H H X ;No Operalion No Operation; Precharge after tpp_
H X X : X éDevice Deselect No Operation; Precharge after tpp.
L L OP Code  iMode Register Set %ILLEGAL
|_ . |_ ...... H x x ”'EAutoorse”Refresh ILLEGAL ......
LiL oH L BS X  Prechage  ILLEGAL
LiL H  BS Row Address Bank Activate ILLEGAL
Refreshing = L | H L BS Column iWite ILLEGAL
L IR H BS GOIUmn Read e |LLEGAL ......
L L : X EBurst Termination No Operation; Idle after tpg
""" LiH H H X X  NoOpeafion  NoOpertion;ldieaftertes |

X X X EDewce Deselect No Operation; Idle after trg

T
>

I T
X I I i ILIDom X DI I I rixX I I T

"""""""""""""""""" T GR Gode iode Regisier Sot | ILLEGAL T
NI H X X  iAutoorSelfRefresh ILLEGAL .
L L BS' X  |Precharge ILLEGAL
LiL H  BS RowAddress BankActivale  |ILLEGAL
Mode Register | 1y | | UBs Gomn wate  irea T
Accessing i R R T T T —
LiH H BS: Golumn :Read HLLEGAL
- L e - )( ..... . ;Burst Termma“on ”'§|L'LEGAL
' L H ..... H : X X méNo Operation . ?No Operatlon Idle afterlwo C|OCk Cycles”;
HX X X X méDevlce Desele.éi ?No Operatlon IdIe aftertwo clockcycles”;”m

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.

. 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 enterad.

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.

. 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 (trcn) must ocour 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 (trrp) is not satisfied.

M

o L®m SO,
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Absolute Maximum Ratings

Parameter : Rating Units Notes

e 5Power'éu;')'p|\'.ruv(')i'tag'e . T B U S 1
VDDG Pewer Supply Vdltage for Output : 1.0to+4.6 v 1
Viv  :Input Voltage 5 1.0 o146 Voo

Vour ‘Qutput Voltage -1.0t0+4.6 \' 1

5 ;Operaﬂng Temper.é.tu;é. (é.mt.).i.en.t.) e o Lo OC 1
Tate ;Storage Temperature 55 o +125 °C 1
Py Power Dissipation 1.0 ‘ W 1
ow  StoCratOuputOurent B0 mA

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

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

: Rating
; Min. : Typ. | Max.

vDD iSupply Voltage 3.0 3.3 36

Units Notes

vDDQ {Supply Voltage for Qutput 3.0 3.3 3.6

Vi {Input High Voltage 2.0 : — . VDD +03

< << <

Vi Elnput Low Voltage -0.3 — 0.8

1. All voltages referenced to Vag and VSSQ.

Capacitance (Tp- 25°C, i=1MHz, Vpp= 3.3V £ 0.3V)
Symbo| R ST Typ e T
CH |nputcapac|tance(AOA11) L o S pF RO
Cp élnput Capacitance (RAS, CAS, WE, TS, CLK, CKE, DQM) 2.0 27 : 4.0 pF
CO Output(;apac”ance (DQO DQ15) Tttt 20 e 40 o 50 pF

33V
12002
> VoH (DC) =24V, IoH = -2mA

Oulput --
uput - O VoL (DC) = 0.4V, I = 2mA
8700 50pF

DC Output Load Circuit
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‘Input Leakage Guwrent, any input

ko {0.0V £ V€ 3.6V), All Other Pins Not Under Test - 0V 1 A
%Output Leakage Gurrent )
oty (Dour is disabled, 0.0V € Vour € 3.6V) 1 + nA
?Output Level (TTL) : ; ;
Vo {Output "H” Level Voltage (lour = -2.0mA) 24 : vDDQ § v § 1
‘Oulput Level (TTL)
Vou {Output “L" Level Voltage (Iour = +2.0mA) 0.0 0.4 v 1
1. See DC output load circuit.
Standby and Refresh Currents (Tp= 010 +70°C, Vpp= 3.3V £ 0.3V)
OO OO O TP DD PSPPI orgamzanon TR
Parameter Test Condition : Notes

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

CKE < V| (max), tci = Infinity

Precharge Standby Current in
Power Down Mode

: CKE 2 V‘H(min), tCK =15ns
e uteh
Precharge Standby Currentin . IputGhange every 30ns
Non-Power Down Mode | . CKE 2 Vy(min), tox = Infinity
PologiNS

No Input Change

Active Standby Gurrentin Power§ loezP ¢ CKE =V {max), I = 15ns

Down Made - locaPS © CKE <V (max), tox = Infinity |
‘  CKE 2z Viy{min), tox = 15ns
P lgeeN
Active Standby Gurrent in Non- | 5 Input Change every 30ns
Power Down Mode Long | CKE2 Vig(min), lgc = Infinity
;oo No Input Change
CAS lLatency =1 10 ____________________________________________________________
tRC > tﬁo(miﬂ) 12
; : CAS Latency = 2 -0 ¢ 105 105 105 ¢ A 1,283
Aulo (CBR) Refresh Current | lggs ¢ tre 2 trelmin) 2 1 90 90 a0 m
CAS Latency - 3 10 | 125 . 125 125
tre 2 tre{min) s L mA
-12 110 110 110
Self Refresh CGuwent leca CKE £ 0.2V 2 2 2 mA

1. The specified values are valid when addresses are changed no more than once during tok{min).
2. The specified values are valid when No Operation commands are registered on every rising clock edge during tgc{min).
3. The specified values are valid when data inputs (DQ's) are stable during tgg(min).
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3 ! CAS o : Organization
Symbol Parameter Test Condition CAS ¢ trei{min) .Speedg : g : : Units : Notes
: i Latency Sort X4 i X8 X16
| Cgoms ¢ 10 95 | 95 95
Cl=1 i ] S e mA
; : 108ns @ -12 80 80 85
. tag = treimin) . [ _ 5
! Operaling Cument o : 7bns 10 . 126 1§ 125 130
| : e 2 tre(mind @ Cl=P D J P e S mA 1,2
@ Hustlenghot Rl G2 g e e e s ™
© 80ns : -10 ¢ 140 140 145
GL=3 oo b . e mA
: : - : 120

i Operaling Cument tre : tRC(m.m)
lece i Burst Length=2 lox 2 Lex(min)
: ID = 0mA

Operaling Cumrent thc = trc(min)

locz ! BurstLength = 4 tc+|< 2 t%([s::‘m)
‘ o=

Operaling Current trg = treimin}

locs Burst Length = 8 te 2 tok(ming
| urst Leng 1o~ OmA
tRC:“ : :
Cgaome . 10 40 b 45 55
Clet e e e mA
PRGE® g b 35 L 40 45
. tog=38ns ! :
.. : tRC:w : :
! Operating Current tre = Infinity loactsns 0 070 175 90
lees ! Burst Length = Full tok 2 tex(min) | GlL=2 : : : : “mA 1,23
; Page lo=0mA L 80
: tCK:18nS : :
-ttF‘Cz“ S0 ¢ 100 | 105 135
o Igg=10ns - : :
CL=8 i ; mA
thg=o ! : ;
: So-12 85 : 95 120
- lok=12ns @ ;

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 to(min).

3. The specified values are obtained when the programmed burst length is executed to completion without interruption by a subse-
quent burst Read or Write cycle.
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Operating Currents (Tp= 010 +70°C, Vpp= 3.3V £ 0.3V)

CAG : Organization
Symbol Parameter Test Condition L;ignscy ¢ tgrgi{min) Sggftd X4 ------- X 8 ------- e X1 --------- Units | Notes
tpg-w
toke3 ne 10 85 85 90
ClL=1 t -------------- o R e P mA
RC =% : : :
: o122 80 : 80 | 8b
Operaling Cument © tok=38ns ! :
1-NRule - T t """"""""""""""""""""""""""""""""""""""""""""""""""""""
: RC =%
= Infini : - -10 130 130 | 140
(Continuous trc = Infinity . lok=tsms . . |
lccto Read/Write cycles fok 2 tok(min) Cl=2 = ¢ : : : 3 cmA 1,2
with new column lo = OmA 5 tRCJa e 12 1 115 Po120
address registered e i
each clock cycle) - tRg=w 10 175 175 190

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 tok(min).

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

Clock

Input

Output

tsETUR i
—LlhoL

tA C

tr

- tOH

2.0V
1.4V
0.8v

Output

1.4V

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

S

. AC measurements assume tr=1ns.

<||I
[ LU

O Vi=1.4V

50pF

-

AC Output Load Circuit

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.

Clock and Clock Enable Parameters

Parameter

Notes

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

Clock Cycle Time, CAS Latency = 1
Clock Access Time, CAS Latency = 3

ns
ns
ns

ns

Clock Access Time, CAS Latency =2

ns

Clock Access Time, CAS Latency = 1
Clock High Pulse Width

Clock Low Pulse Width

Clock Enable Set-up Time

Clock Enable Hold Time
CKE Set-up Time (Power down mode)

Transition Time (Rise and Fall)

-10

Min. Max

10 100MHz |
...15... | ..ésh.‘.l.Hz..
...30... 33M|.|z .
e ..8...
— 9

— 27

35 —

a5 —

.3. . -

1 —

3 JE—

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 time exceeds 1ns, then other AC parameters under consideration :
should be compensated by an additional [{irise+tfall)/2-1]ns. :

-12
Min. Max
12 83MHz
18 seMHz
3 - 28MHz
— 10
— 27
4 _
4 -
1 —
3 —
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Common Parameters

Symbol Parameter Units Notes

Max. Min. Max.

tes jCommand Setup Time 3 — 3 — : ns

i CommandHoldTme o . T s
QS ?Addmss and Bank Seleot Set w Tlme ............ 3 e . e : n..S .......
tAH ..?Addmss and Bank Select H0|d Tlme BT . 1 s 1 S nS
tRCD RAS oxs De|ay BT . 30 e 30 S ns
. t.é.C i.BankCydeTlme ........................... 75 120000 ..... 96 ..... 1ébo.do...: n..s ......
"""" lus AciveCommandPerod | 45 120000 60 120000 s
. t..F;P ?pmcharge Lo 30 ..... R 3 S S n..S .......
trrD iBank to Bank Delay Tlme 20 — 24 ‘ — ns
tCCD GAS tOGAS Delamie (Same Bank)... BT . 1 e 1 e CLK
Refresh Cycle
e SO OO SO OSSO TP UO R TURTON . I 12 :
Symbal Parameter : : : Units ©  Notes
i Min. . Max i Min Max
tsnex | Self Refresh Exit Time 2ouet:  _ fzolod ns 3
b RefeshPerod — e — e oms 1,2

1. 4096 cycles. :

2. Any time that the Refresh Period has been exceeded, a minimum of two Auto (CBR) Refresh commands must be given to ‘wake—
up” the device.

3. Self Refresh Exitis a synchronous operation and begins on the 2nd positive 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.

Read Cycle

Symbol Paramator AL N SO ' Units | Notes
S Y Min | Max. o Min | Max.
lox DafaOut Hold Time 3 — 3  —  ns
"""" t; DalaOullolowlmpedance Time 8 . — .8  —  a
"""" tes  DataOutlo High Impedance Time,GL-3 . 8 | 8 . a 8  ns 1
bt Dala Out lo High Impedance Time, GL- 2 3 8 3 10 ms 1
thzy DataOutto ngh ImpedanceTlme CL71 3 15 3 18 4 ns 4 1
tDQZ ...DOM DataOUtDlsableLatency BT SO 2.. R 2 ...... e CLK e

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

Symbol Parameter 10 e Units Notes
T . . Min, L Max M M e
tos jD.éta.i.n éet:ﬁp Tlme 3 — 3 ns
""""" by DatalHodTme . 1 — 1 — & oa
. tr.’.PL... Datampuno PreCharge e . e s e ns
tDQW DQMWmeMaSk Latenoy BT TSP TSP 0 R O. e » CLK
Clock Frequency and Latency
TP T PO PP PU PO Speed Sort :
Symboal Parameter i Units : Notes
. -10 -12
S c|ock|=,eq._.ency o 5533 U e i
tCK » C|Ockcyc|e-nme TR 10 - 15 30 » o o 36 nS
...tA'.q.. . mLatency TP 3 2 1 N ; 2 1.. CLK
. two RASOCASDelay s 2 1.3 2 1 ok
""""" t. RASlatecy 6 4 .2z 6 4 2 ¢k
. tHC Bankcyde-nme RN PRI 8 5 3.. 8 » . 3 CLK
tras Minimum Bank Active Time ' 5 ‘ 3 2 5 3 2 CLK
...tR.p.. . p.r.eéharée.ﬁ[ﬁé ST \ , 1 b 3 \ 1.. CLK
"""" . DatalntoPrechage 2 1 - 1 .2z 1 .1 ¢k
 ba  DalaktoAdveRefresh 5 s 2 |5 8 2 oK
| trrD ‘Bank to Bank Delay Time 2 _ 2 1 22 | 1 CLK
té.CD... mlodeayTlme ST 1 ..1 1.. 1 1 1 i CLK .
| tWL . W”tELatenCy ST 0 0 0 . 0 0 O.. CLK
"""" lw DQMWriteMasklatecy =~ 0o o o o o o  CK
"""" Loz  DOMDalaDissblelatency 2 2 2 2 2 2  OK
tesL ‘Clock Suspend Latency 1 1 1 1 1 1 CLK
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Power on Sequence and Auto Refresh (CBR) ... 46
Clock Suspension During a Burst Read (Using CKE)

CAS LABNCY = 1 oottt et et ee et e et et e s s e e s s e e eseae e ene e esee e 47

CAS LAIENCY = 2.ttt ee e et et ee et e e e e s e s s e e s enn st eneae e ene e eeen e 48

CAS LAIENCY = B oottt e et e e e e e ne e en s 49
Clock Suspension During a Burst Write (Using CKE)

CAS LAIENCY = 1 oeevietieetieteese st e e e teteseesssesseassess et s seee st sae bt e e betenssbesenssaessnsseessssesesenrnseses 50

CAS LAENCY = 2. et ea et ae e e e e te e e e tennens 51

CAS LAIENCY = B oo e ee et e ee e eeaeae et ae e eeeae e e teee e etnreens 52
Power Down Mode and ClocK SUSPENU ... i 53
AUTO REfresh {CBR).....cveiiiiiiie ettt er e st e e st e et et e saa e e et e ar et s b e nnn e s 54
Self Refresh (ENtry @nd EXit) ..o e e e raaa e e nssae s e enssnnse s nan 55
Random Column Read (Page within same Bank)

CAS LAIENCY = 1 oeetietieetieteesiest e e e tetessetsses s assmss et seee st sae bt esesbetensstesenssaessnsseesssssesestsseses 56

CAS LAIENCY = 2.ttt ee e et ee et ee et e et e s s e e s san s es et ene e eeee e 57

CAS LAIENCY = 3ottt et e ee et e et et e s s e e s eae s et ene e e e 58
Random Column Write (Page within same Bank)

CAS LAIENCY = T ieevietieetieteesiese e e e s tstestevssesseassessstsseee st eaes st ssessetensstesenssaessnsseessssasesesrnseses 59

CAS LAIENCY = 2.ooeevieteetieteestese e e e teeessetssessetssesssteseee st eaes st e e setensstesensseessasaeessssesnsestnseses 60

CAS LAENCY = Bt ee et e ee e e e eae et eee e e e e e e te e enaeetereens 61
Random Row Read (Interleaving Banks)

CAS LAENCY = 1 oiiiiiieeiieee ettt et ettt st sa e e be et ete et e e neeaee st se e beseesaentareens 62

CAS LAIENCY = 2.ttt ettt et ettt s aeae e sa e e s beebeetesbeeasneeaeesteseebeseesaentareens 63

CAS LATENCY = Bttt ettt ettt e et e b et et s aeae e st e e e s beebestestesasaneeaeesteseebeseessenbareens 64
Random Row Write (Interleaving Banks)

CAS LAIENCY = 1 oeetietieetieteesiest e e e tetessetsses s assmss et seee st sae bt esesbetensstesenssaessnsseesssssesestsseses 65

CAS LAIENCY = 2.ttt ee e et ee et ee et e et e s s e e s san s es et ene e eeee e 66

CAS LAIENCY = 3ottt et e ee et e et et e s s e e s eae s et ene e e e 67
Read And Write Cycle

CAS LAIENCY = T ieevietieetieteesiese e e e s tstestevssesseassessstsseee st eaes st ssessetensstesenssaessnsseessssasesesrnseses 68

CAS LAIENCY = 2.ooeevieteetieteestese e e e teeessetssessetssesssteseee st eaes st e e setensstesensseessasaeessssesnsestnseses 69

CAS LAENCY = Bt ee et e ee e e e eae et eee e e e e e e te e enaeetereens 70
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CAS LAIENCY = 3 o.eooe oottt ee e e e ee e s eee et e nne e 76
Auto Precharge after a Read Burst

CAS LAIENCY = 1 oovioeieeeieteeeteeteee e et s e e et saeae st eaese st easses et s seee st ees st eessetenssteensatestesseesenssesenees 77

CAS LAIENCY = 2.ttt oot te e e e e eee et e eeeae e e tea e e eeneeane 78

CAS LAIENCY = B oo ettt et e e e e e ee e e eeeae e e e tes e e e e e ene 79
Auto Precharge after a Write Burst

CAS LAIENCY = 1 oottt ettt et s e e s e et e e ettt eeae et ne e e ete s e e bebsesbesaeasenne s 80

CAS LAIENCY = 2ottt ettt ettt ettt st e st e st e be et st b e eaeeaease e seebesse e betsesbeeaeasenne s 81

CAS LAENCY = Bttt sttt te st bn e see bt e e seee b e saseseestetensesennassenens 82
Full Page Read Cycle

CAS LAENCY = 1 oottt ettt e e e et ea e e ee s n et n et e s e e e s eae st es et e aene e e 83

CAS LAIENCY = 2 ..ottt ettt ee e et ea s e eee s n e e et e s e e e s eae et esete e aene e e 84

CAS LAIENCY = 3 o.eooe oottt ee e e e ee e s eee et e nne e 85
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PACKAGE DIMENSIONS (400mil; 44 lead; Thin Small Outline Package)
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Revision Lo
Revision Contents Of Modification
9/29/95 In|t|a| Release
01/31/96 2nd Release
page 2 Correctlon to pln descnptlon of VSSQ

page 8
page 38 :Change number of required Auto Refresh Cycles from eight Auto Refresh Cyclesto ... a minimum of 2
page 39  Auto Refresh Cycles.

Corrections to Burst Length Table: Change Entry 000 from Reserve to 1. Change Entry 001 from
Reserve to 2.

page 9 :Comreclion to Operation Mode Table: Change "BS/A10/AY/A8/A7” to "M11/M10/M3/MB/M7”.

Further clarification regarding Auto-Precharge cycles when the device is programmed for burst length of
full page.

page 25 Correctlon to descnptlon of Automatlc Refresh Command (change mcrements to decrements)

o8 Correctlon to description of Power Down mode (change statement to say... aII receiver circuits except
page CLK and CKE are gated off.").

.[oade 2.? Correct enor |n dlagram Clock Suspend Dunng a Read Cycle
. ”oag.je 2.7.’ .Correct ernorin dlagram Clock Suspend Dunng a erte Cyole
mpageHESWDeIete Note 2 in the Command Truth Table. .
'page 29 'Change Note 2in the Clock Enable Truth Table from ...asynchronously to ...synchronously.
'page 34 'Correction to Recommended DC Operating Conditions Table: Change Vil(min) from -0.5Vto -0.3V.

~ pageds Comeclion lo Operaling Currents Table: BurstLength ~2.
' page 36 Comestion to Operaling Currents Table: Burst Length = 4.
kpage 36 ~Correction to Operaling Cumrents Table: Burst Length = 8.
pagde 36 :Comeclion to Operating Currents Table: Burst Length = Full Page.
page 37 Comectlion to Operating Cuments Table: Burst Length = 1-N Rule.

page 38 'Addition to Clock and Clock Enable Parameter Table: CKE setup time for power down mode (tCESP).
page 39 Change definition of Self Refresh Exit time. Add Note 3 to Refresh Cycle Table.

Correction to Minimum Bank Cycle Time (tRC).
page 40
page 39 Comection to Minimum Bank Activate Time (tRAS).
pagde 40

Cormrection to Timing Diagram Cross Reference Table. The page numbers for the individual timing dia-
grams were |mproper|y reterenoed
page 55 Correctlon to Tlmlng Dlagram Self Refresh (Entry and Exlt)

page 90 Comeclion to Timing Diagram: Burst Read and Single Write Operatlon (Burst ends norrnallyr atter Ay3)
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Revision Log

Correctlon and Clanflcatlon to Tlmlng Dlagram: FuII Page Read Cycle (1 of 3).

05/01/96 page 4

Correctlon and Clanflcatlon to Timing Diagram: FuII Page Read Cycle (2 of 3).

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

Comrection and Clarification to Timing Diagram: Full Page Write Cydle (2 of 3).

Comrection to plastic body width and length dimensions.

Cormrection to part numbers in Ordering Information

10/02/96 3rd Release

page 1

page 4

page 35
page 36
page 38
page 39
page 40

page 1
page 1

page 20
page 22

page 28
page 28

page 34

Deletion of -11 and -13 sorts.

Cormrection to package description: Should be 44 pin package (not 40 pin).
Modlflcatlon to Performance Features CIock Access Tlme

Correctlon to Tlmlng Dlagram Burst erte W|th Auto Precharge ”
Descrlptlon of Precharge Termlnatlon added

Comection to Command Truth Table: Power Down Mode Entry/Exlt

Addition of Note 7 to Command Truth Table.

Addltlon of DC Output Load Clrcult

Modlflcatlon to Output Characterlstlcs Table Footnote added to Voh and VoI parameters

Comeclion to Standby and Refresh Currents Table IcmN ICC1NS |cc:2N ICCENS

Modlflcatlon to 10 and - 12 t|m|ngs in the AG CharacterlstlcsTabIes

Parameter name changes (tCH to tCKHs tC|_ o tCKLs tCKS lo tCES tCKH lo tCEHs iCKSP lo tCESP)
Modlflcatlon to AC CharacterlstlcsTabIe CIock Enable setup t|me changes from 3 5 to 3 ns.

Addition of t| zmin and tHzmin parameters and change to tHzmax parameters. .
Modification to erte Cycle Table tD PL and tDAL no Ionger shown for 3 dlfferent CAS Iatency cases.
Change to Tlmlng Dlagram Power Down Mode and Clock Suspenslon ”
Change to Timing Diagram: Random Column erte (Page within same Bank) (2 oi 3) .

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

Correction to Timing Diagram: Fiandom Row Read (Interieaving Banks) (2 of 3).

Correctlon to Tlmlng Dlagram Random Row Read (Interieavmg Banks) (3 of 3)
Correctlon and Clanflcatlon to Tlmlng Dlagram FuII Page Read Cycle (1 of 3)

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

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