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® Organization...2M x 4 x 2 Banks DGE PACKAGE
® 3.3-V Power Supply (x10% Tolerance) (TOP VIEW)
® Two Banks for On-Chip Interleaving

(Gapless Accesses) Vee 0 44]1 vgg
® High Bandwidth - Up to 100-MHz Data NC (2 43fINC
Rates ‘Vgsa I3 42lvggq
® Burst Length Programmable to 1, 2, 4, or 8 DQo [+ 41joQs
® Programmable Output Sequence — Serlal or Veca [fs 40l Vecq
Interleave NeC (e 39 [INC
® Chip Select and Clock Enable for Vgg? L . %\égsza
Enhanced-System {nterfacing Veea 5 ° 8 Veca
® Cycle-by-Cyclie DQ-Bus Mask Capabllity ne [ 10 ash NG
® Programmable Read Latency From Column NC [ 11 34lINC
Address w2 33[) pam
¢ Self-Refresh Capabllity CAS ] 32 CLK
® High-Speed, Low-Noise LVTTL RAS [J14 3111 CKE
® Power-Down Mode CS[1s s0[INC
® Compatible With JEDEC Standards A1 {]18 28] A9
® 4K Refresh (Total for Both Banks) AAgE :: Z: %:3
® 2-Bit Prefetch Architecture for High Speed

At []e 26[] A6

Performance A2 (20 2s5f as
¢ Performance Ranges: A3 []21 2411 A4
ACTV
SYNCHRONOUS COMMAND TO REFRESH Vee (22 231 Vgs
CLOCK CYCLE READORWRITE TIME
TIME COMMAND  INTERVAL
TMS628402-10 10 ns 30 ns 64 ms PIN NOMENCLATURE
TMS626402-12 125 ns 35 ns 64 ms AO-A10  Address Inputs
TMS626402-15 15 ns 40 ns 64 ms A0-A10 Row Addresses
A0-AS Column Addresses
description A10 Automatic-Precharge Select
All Bank Select
The TMS626402 serles are high-speed CTAS Column-Address Strobe
16777216-bit synchronous dynamic random- CKE Clock Enable
access memories organized as two banks of %K gm"g; g:;’c"
2097 152 words with four bits per word. DQO-DQ3 SDRAM Data Input/Data Output
All inputs and outputs of the TMS626402 series ng S“g« Omp\:thasksnable
are compatible with the low-voltage TTL (LVTTL) RAS P Adiross Stot
interface. Voo Power Supply (3.3 V Typ)
The synchronous DRAM employs state-of-the-art Vecca  Power Supply for Gutput Drivers (3.3 V Typ)
b Vss Ground
EPIC™ (Enhanced Performance Implanted Vesa Ground for Output Drivers
CMOS) technoiogy for high performance, W Write Enable
reliability, and low power. All inputs and outputs

are synchronized with the CLK input to simplify
system design and enhance use with high-speed
microprocessors and caches.

The TMS626402 synchronous DRAM is available in a 400-mil, 44-pin surface-mount TSOP (i1) package (DGE
suffix).
EPIC Is a trademark of Texas Instruments Incorporated.

PAODUCTION DATA lnformation ke current as of publication date. Copyright © 1895, Texas Instruments Incorporated
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operation

Allinputs of the ‘626402 synchronous DRAM are latched on the rising edge of the system (synchronous) clock.
The outputs, DQO—~DQS3, are also referenced to the rising edge of CLK. The ‘626402 has two banks that are
accessed independently. A bank must be activated before it can be accessed (read from or written to). Refresh
cycles refresh both banks alternatgly.

Six basic commands or functions control most operations of the '626402:

Bank activate/row-address entry
Column-address entry/write operation
Column-address entry/read operation
Bank deactivate

CA3-before-RAS (CBR)

Self-refresh entry

Additionally, operation can be controlied by three methods: using chip select (CS) to select/deselect the
devices, using DQM to enable/mask the DQ signals on a cycle-by-cycle basis, or using CKE to suspend (or gate)
the CLK input. The device contains a mode register that must be programmed for proper operation.

Tables 1 through 3 show the various operations that are available on the '626402. These truth tables identify
the commands and/or operations and their respective mnemonics. Each truth table is followed by a legend that
explains the abbreviated symbols. An access operation refers to any READ (READ-P) or WRT (WRT-P)
command in progress at cycle n. Access operations include the cycle upon which the READ (READ-P) or WRT
(WRT-P) command is entered and all subsequent cycles through the completion of the access burst.

functional block diagram

CLK —P N
orE AND y D Array Bank T
cs >

DaM » LA, 4

RAS ${ Control ‘ Bgf?or -4—rip— DQO-DQ3

CAS > v

W »-
12 -
AO-A11 e > A Array Bank B
Mods Reglister
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operation (continued)

Table 1. Basic-Command Truth Tablet

STATE OF — i e .
COMMAND BANK(S) Cs RAS CAS w Al1 At0 A9-A0 | MNEMONIC
A9=X
. T = deac A8 =0
Mode register set B = doac L L L L X X AT=0 MRS
AB-AD=V
Bank deactivate {precharge) X L L H L BS L X DEAC
Deactivate all banks X L L H L X H X DCAB
Bank activate/row-address entry SB = deac L L H H BS \ A ACTV
Column-address entry/wrlte
operation S8 = actv L H L L BS L v WRT
Column-address entry/write
operation with autodeactivate SB = actv L H L L 8BS H v WRT-P
Column-address entry/read
operation SB = actv L H L H 8s L v READ
Column-address entry/read
operation with autodeactivate S8 = actv L H L H BS H v READ-P
Burst stop SB = actv L H H L X X X STOP
No operation X L H H H X X X NOOP
Control input inhibit / no operation X H X X X X X X DESL
T=B=
$
CBR refresh deac L L L H X X X REFR

1 For execution of these commands on cycle n, CKE (n) must be high and satisfy tcggp from power-down exit (PDE), tops and nCLE from

clock-suspend (HOLD) exit, and tcesp and tRe from self-retresh (SLFR) exit. DQM (n) Is a don't care.

1 CBR or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry.

Legend:
L = Logic fow
H = Logic high
X = Don't care
\) = Valid
T = BankT
B = BankB
actv = Activated
deac = Deactivated
BS =
S8 =

Logic high to selact bank T; logic low to select bank B
Bank selected by A1t at cycle n
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operatlon (continued)

Table 2. CKE-Use Command Truth Tablet

CKE | CKE cs RAS | CAS w
TATE O
COMMAND STATE OF BANK(S) (n-1) [ " " ) s MNEMONIC
Self-refresh entry T = B = deac H t L L L H SLFR
wB= L L H PDI
Power-down entry atn + 1 T=B=no H H =
access operation¥ H L H X X X PDE
Selt-refresh exit T=B = solfrefresh |—m l - H H H —
- SN O =B = golf r
errelresh ex ares L A H X X X —
Power-down exit T = B = power down L H X X X X —
T or B = access
ClLKsuspendatn + 1 operationt H L X X X X HOLD
T or B = access
CLK suspend exitatn + 1 operationt L H X X X X -

1 For executlon of these commands, AO—A11 (n) and DQM (n) are don't cares.
t An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon
which the READ (READ-P) or WRT (WRT-P) command is enterad and all subsequent cycles through the completion of the access burst.

Legend:
n CLK cycle number

Logic low

Logic high

Don't care

Bank T

Bank B

Deactivated

L
H
X
T
B

deac
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operation (continued)

Table 3. DQM-Use Command Truth Tablet

COMMAND

STATE OF DaM DATA IN

BANK(S) (n) (n)

DATA OUT
{n+2)

MNEMONIC

T = deac
and X N/A
B = deac

Hi-Z

(no access operation)¥

T = actv
and

B = actv X N/A

Hi-Z

Data-in enable

T = write
or L v
B = write

N/A

ENBL

Data-in mask

T = write
or H M
B = write

N/A

MASK

Data-out enable

T = read
or L N/A
B = read

ENBL

Data-out mask

T = read
or H N/A
B = read

Hi-Z

MASK

1 For execution of these commands, CKE (n) must be high and satisfy tcggp from power-down exit (PDE), tcgg and nCLE from clock-suspend
(HOLD) exit, and cggp and tRC trom self-refresh (SLFR) exit. TS (n), 'FIS'A% {n), CAS (n), W (n), and AO—A11 (r) are don't cares.

* An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon
which the READ (READ-P) or WRT (WRT-P) command is entered and all subsequent cycles through the completion of the access burst.

Legend:
n = CLK cycle number
L = Logic low
H = Logic high
X = Don'tcare
v = Valid
M = Masked input data
N/A = Not applicable
T = BankT
B = BankB
actv = Activated
deac = Deactivated
write =
read =

Activated and accepting data in on cycle n
Activated and delivering data out on cycle n + 2
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burst sequence

All data for the '626402 is written or read in a burst fashion; that is, a single starting address is entered into the
device and the '626402 internally accesses a sequence of locations based on that starting address. Some of
the subsequent accesses after the first can be at preceding as well as succeeding column addresses,
depending on the starting address entered. This sequence can be programmed to follow either a serial burst
or an interleave burst (see Tables 4 through 6). The length of the burst sequence can be user programmed to
be either 1-, 2-, 4-, or 8-bit accesses. After a read burst is completed (as determined by the programmed burst
length), the outputs are in the high-impedance state until the next read access is initiated.

Table 4. 2-Bit Burst Sequences

INTERNAL COLUMN ADDRESS A0
DECIMAL BINARY
START 2ND | START 2ND
0 1 o 1
Serlal
1 0 1 0
0 1 0 1
Interleave
1 0 1 0

Table 5. 4-Bit Burst Sequences

INTERNAL COLUMN ADDRESS A1-A0
DECIMAL BINARY
START  2ND 3RD 4TH START 2ND 3RD aTH

0 1 2 3 00 01 10 1

1 2 3 0 01 10 1 00
Serlal

2 3 0 1 10 1 00 01

3 0 1 2 1 00 01 10

4] 1 2 3 00 o 10 1

1 0 3 2 01 00 1" 10
Interleave

2 3 0 1 10 1 00 01

3 2 1 0 1 10 01 00

—————— Minimum of Two Cycles —————
NOTE: For burst sequence of one, subsequent read or write commands must be done at least two clock cycles from initial read or write command

(see timing diagram above),

Figure 1. Subsequent Read or Write CMD for BL = 1

‘Q’ TEXAS
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burst sequence (continued)

Table 6. 8-Bit Burst Sequences

INTERNAL COLUMN ADDRESS A2-A0
DECIMAL BINARY
START 2ND 3RD 4TH STH 6TH 7TH BTH | START 2ND 3RD 4TH S5TH 6TH 7TH BTH
] 1 2 3 4 5 8 7 000 001 010 011 100 101 10 111
1 2 3 4 5 8 7 0 001 010 011 100 101 110 111 000
2 3 4 5 8 7 o 1 010 011 100 101 110 114 000 00t
Sertal 3 4 5 8 7 0 1 2 011 100 101 110 111 000 001 010
4 5 8 7 0 1 2 3 100 101 110 111 000 001 010 Oft
5 [} 7 o 1 2 a4 101 110 111 000 001 010 O11 100
8 7 0 1 2 3 4 5 110 111 000 001 010 011 100 101
7 0 1 2 3 4 5 8 i 000 001 010 011 100 101 110
1] 1 2 3 4 5 6 7 000 001 010 011 100 101 10 1IN
1 [ 3 2 5 4 1 8 001 000 011 010 101 100 111 110
2 3 [ 1 6 7 4 5 010 011 000 001 110 111 100 101
Interieave 3 2 1 0 7 8 5 4 011 010 001 000 111 110 101 100
4 5 [ 7 0 1 2 3 100 101 110 111 000 001 010 Off
5 4 7 6 1 o 3 2 101 100 111 110 001 000 O11 010
6 7 4 5 2 3 0 1 110 111 100 101 010 011 000 001
7 8 5 4 3 2 1 0 14 10 101 100 011 010 001 000
latency

The beginning data-output cycle of a read burst can be programmed to occur 1, 2, or 3 CLK cycles after the read
command (see setting the mode register). This feature allows the user to adjust the '626402 to operate in
accordance with the system's capability to latch the data output from the '626402. The delay between the READ
command and the beginning of the output burst is known as read latency (also known as CAS latency). After
the initial output cycle begins, the data burst occurs at the CLK frequency without any Intervening gaps. Use
of minimum read latencies Is restricted based on the particular maximum frequency rating of the '626402.

There is no latency for data-in cycles (write latency). The first data-in cycle of a write burst is entered at the same
rising edge of CLK on which the WRT command is entered. The write latency is fixed and not determined by
the mode-register contents.

two-bank operation

The '626402 contains two independent banks that can be accessed individually or in an interleaved fashion.
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated
before it can be activated again with a new row address. The bank-activate/row-address-entry command
(ACTV) is entered by holding RAS low, CAS high, W high, and A11 valid on the rising edge of CLK. A bank can
be deactivated either automatically during a READ (READ-P) or a WRT (WRT-P) command or by use of the
deactivate-bank (DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see
Table 1 and the bank deactivation description).

two-bank row-access operation

The two-bank feature allows the user to access information on random rows at a higher rate of operation than
is possible with a standard DRAM. This is accomplished by activating one bank with a row address, and while
the data stream is being accessed to/from that bank, activating the second bank with another row address.

“v’f TeXAS
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two-bank row-access operatlon (continued)

When the data stream to/from the first bank is complete, the data stream to/from the second bank can begin
without interruption. After the second bank is activated, the first bank can be deactivated to allow the entry of
a new row address for the next round of accesses. In this manner, operation can continue in an interleaved
fashion. Figure 27 is an example of two-bank row interleaving with automatic deactivate for the case of a read
latency of 3 and a burst length of 8.

two-bank column-access operation

The availability of two banks allows the access of data from random starting columns between banks at a higher
rate of operation. After activating each bank with a row address (ACTV command), A11 can be used to alternate
READ or WRT commands between the banks to provide gapless accesses at the CLK frequency, provided all
specified timing requirements are met. Figure 28 is an example of two-bank column interleaving with a read
latency of 3 and a burst length of 2.

bank deactivation (precharge)

Both banks can be simultaneously deactivated (placed in precharge) by using the DCAB command. A single
bank can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB
command except that A10 must be low and A11 selects the bank to be precharged as shown in Table 1. A bank
can also be deactivated automatically by using A10 during a READ or WRT command. if A10 is held high during
the entry of a READ or WRT command, the accessed bank (selected by A11) automatically deactivates upon
completion of the access burst. If A10 s held low during READ or WRT command entry, that bank remains active
following the burst. The READ and WRT commands with automatic deactivation are denoted as READ-P and
WRT-P.

chip select (CS)

CS can be used to select or deselect the '626402 for command entry, which might be required for multiple
memory-device decoding. If CS is held high on the rising edge of CLK (DESL command), the device does not
respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding CS low
on the rising edge of CLK. Any other valid command can be entered simultaneously on the same rising CLK
edge of the select operation. The device can be selected/deselected on a cycle-by-cycle basis (see
Tables 1 and 2). The use of CS does not affect an access burst that is in progress; the DESL command can only
restrict RAS, CAS, and W input to the '626402.

data/output mask

Masking of individual data cycles within a burst sequence can be accomplished by use of the MASK command
(see Table 3). If DQM is held high on the rising edge of CLK during a write burst, the incident data word
(referenced to the same rising edge of CLK) on DQ0-DQ3 is ignored. if DQM is held high on the rising edge
of CLK for aread burst, DQO—-DQ3 referenced to the second rising edge of CLK are in the high-impedance state.
The application of DQM to data output cycles (READ burst) involves a latency of two CLK cycles, but the
application of DQM to data-in cycles (WRITE burst} has no latency. The MASK command (or its opposite, the
ENBL command) is performed on a cycle-by-cycle basis, allowing the user to gate any Individual data cycle or
cycles within either a read- or a writs-burst sequence. Figure 31 shows an example of data/output masking.

NOTE: Data masking using DQM Input is not supported when the mode register Is set for read latency of one and burst length of one. if the mode

register is in this mode, the DQM pin should be held low.

CLK suspend/power-down mode

For normal device operation, CKE should be held high to enable CLK. if CKE goes low during the execution
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DQ bus at the immediate next rising edge
of CLK is frozen at its current state, and no further inputs are accepted until CKE is returned high.

510
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CLK suspend/power-down mode (continued)

This CLK suspend/power-down mode is known as a CLK suspend operation, and its execution is dencted as
a HOLD command. The device resumes operation from the point at which it was placed In suspension,
beginning with the second rising edge of CLK after CKE is returned high.

It CKE is brought low when no READ (READ-P) or WRT (WRT-P) command is in progress, the device enters
power-down mode. If both banks are deactivated when power-down mode is entered, power consumption is
reduced to the minimum. Power-down mode can be used during row-active or CBR-refresh periods to reduce
input-buffer power. After power-down mode has been entered, no further inputs are accepted until CKE returns
high. To ensure data in the device remains valid during the power-down mode, the self-refresh command
( SLRF) must be executed concurrently with the power-down entry command (PDE). When exiting power-down
mode, new commands can be entered on the first CLK edge after CKE returns high, provided that the setup
time (tcegp) is satisfied. Table 2 shows the command configuration for a CLK suspend/power-down operation,
and Figures 18 and 19 show an example of the procedure.

setting the mode register

The '626402 contains a mode register that the user shoud program with the read latency, the burst type, and
the burst length. This is accomplished by executing an MRS command with the information entered on address
lines AO—AS8. A logic 0 should always be entered on A7 and A8, but A9—-A11 are don't-care entries for the
'626402. Figure 2 shows the valid combinations for a successful MRS command. Only valid addresses allow
the mode register to be changed. If the addresses are not valid, the previous contents of the mode register
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word
valid on AO—AB on the rising edge of CLK (see Table 1). The MRS command can be executed only when both
banks are deactivated.

IA11|A10lA9IM'AT]AGIM]MAfMLMTMle—JI

F—— Reserved —— 0 - 0 —— ﬁ| T 1
0 = Serlal
1 = Interieave
(burst type)
REGIS1}ER READ REGlST’ER
BITS BITS
LATENCY# BURST LENGTH
A8 A5 AL A2 A1 A0
° 0 3 1 0 0 0 1
0 0 1 2
0 1 0 2 0 4
o |+ |1 3 v|o
(4] 1 1 8
tAl other combinations are § Alf other combinations are reserved.

reserved.

% Refer to timing requirements for
minimum  valid-read latencies
based on maximum frequency
rating.

Figure 2. Mode-Reglster Programming
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refresh

The '626402 must be refreshed at intervals not exceeding trep (see timing requirements) or data cannot be
retained. Refresh can be accomplished by performing a read or write access to every row in both banks, by
performing 4096 CA5-before-RAS (REFR) commands, or by placing the device in self refresh. Regardless of
the method used, refresh must be accomplished before trgr has expired.

CAS-before-RAS (CBR) refresh

Before performing a CAS-before-RAS refresh, both banks must be deactivated (placed in precharge). To enter
a REFR command, RAS and CAS must be low and W must be high upon the rising edge of CLK (see Table 1).
The refresh address is generated internally such that after 4096 REFR commands, both banks of the '626402
are refreshed. The external address and bank select (A11) are ignored. The execution of a REFR command
automatically deactivates both banks upon completion of the internal CBR cycle. This allows consecutive
REFR-only commands to be executed, if desired, without any intervening DEAC commands. The REFR
commands do not necessarily have to be consecutive, but all 4096 must be completed before treg expires.

self refresh

To enter self refresh, both banks of the ‘626402 must first be deactivated and a SLFR command must be
executed (see Table 2). The SLFR command is identical to the REFR command except that CKE Is low. For
proper entry of the SLFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS
are low and W is high. CKE must be held low to stay in self-refresh mode. In the self-refresh mode, all refreshing
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data can
be retained by the device automatically for an indefinite period when power is maintained (consumption is
reduced to a minimum). To exit self-refresh mode, CKE must be brought high. New commands are issued after
tre has expired. If CLKis made inactive during self refresh, it must be returned to an active and stable condition
before CKE is brought high to exit self refresh (see Figure 21).

Upon exiting self-refresh, the normal refresh scheme must begin immediately. If the burst-refresh scheme is
used, 4096 REFR commands must be executed before continuing with normal device operations. If a
distributed-refresh scheme utilizing CBR is used (e.g., two rows every 32 us), the first set of refreshes must be
performed before continuing with normal device operation. This ensures that the SDRAM is fully refreshed.

Interrupted bursts

A read or write can be interrupted before the burst sequence has been completed with no adverse effects to
the operation. This is accomplished by entering certain superseding commands as listed in Tables 7 and 8,
provided that all timing requirements are met. The command interrupting either a read or write burst must be
entered only on an even number of cycles (2n rule) from the Initial burst command (hnCCD). nCCD is defined
as the number of clock cycles from the initial command to the interrupting command. In the case when the
number of clock cycles between a read/write command and the following command is greater than the burst
length, the “2n rule” and nCCD does not apply. A DEAC command is considered an interrupt only if it is issued
to the same bank as the preceding READ or WRITE command. The interruption of READ-P and WRT-P
operations is not supported.

5-12
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Interrupted bursts (continued)

Table 7. Read-Burst interruption

INTERRUPTING COMMAND EFFECT OR NOTE ON USE DURING READ BURST
The DQ bus is placed in the high-impedance state when nHZP cycles are satisfied or upon completion of the

DEAC, DCAB read burst, whichever occurs first (see Figures 5 and 21).

WRT WRT-P The WRT command immediately supersedes the read burst in progress, but DQM must be high nDOD+1 and
! nDOD cycles previous to the WRT (WRT-P) command (see Figure 4).

READ, READ-P Current output cycles continue untii the programmed latency from the superseding READ (READ-P)

command is met, and new output cycles begin (see Figure 3).

The DQ bus is placed In the high-impedance state two clock cycles after the stop command is entered or upon
STOP completion of the read burst, whichever occurs first. The bank remains active. A new read or write command
cannot be entered for at least two cycles after the STOP command (see Figure 5).

[&—— nCCD=2{even) —¥9i
|

I SANVAND SN SN SN SN
CLK | | I !

READ Command Interrupting |
for Column Address CO READ Command

|
o
] J
for Column Address C1
(see NT“ A (see Note A) \ l 1
| ] [ 1
DG0-DQ3 : \f co X Co+1 X et X c1v1 Xtz

‘\ First Output Cycle for New READ

Command Begins Here

!
|
|
|
|
]

NOTE A: For the purposes of this example, read latency = 2 and burst length > 2.

Figure 3. Read Burst Interrupted by Read Command

nCCD=4(even) —————
|

I 3

CLK | | | | |
READ Command i {¢————— nDOD —————pi lntorrup’tlng l

for Column Address C0O | | | WRT Command |

(see Note A) 1+nDOD »  for Column Address C1 |

| | I | (ses Nots A) |

| | | ]

DQO-DQ3 : co ct X C1+1 >< C1+2

\ First input Cycle for New WRT

|
| Command Begins Here
|
]

DQM /  SesNoteB \

NOTES: A. Forthe purposes of this example, read latency = 2 and burst length > 2.
B. DQMis held high for 2 CLK cycles (2 rising edges). DQM is held high for nDOD+1 to mask out bit prior to Interrupting WRT command.
DQM is held high for nDOD as specified spec.

L—___T

Figure 4. Read Burst interrupted by Write Command
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SMOSB42A - FEBRUARY 1994 — REVISED JUNE 1998

Interrupted bursts (continued)

[¢&——— nCCD = 2 (even) ————»|

]
! ]
J¢————nBSDx2 ————
READ Command interrupting New Command
for Column Address CO 8TOP Command
(see Note A) _\q 7 \
DG co CO+1
N\ /

NOTE A: For this example, read latency = 2 and burst length > 2.
Figure 5. Read Burst Interrupted by STOP Command

|[€&—— nCCD = 2 (even) ———

|
T e nHZP = 3

Interrupting
READ Command DEAC/DCAB
for Column Address CO Command

{see Note A) ‘\
V4

DQ

AN
o X cour
\ o/
NOTE A: For this example, read latency = 3 and burst length > 2.

Figure 6. Read Burst Interrupted by DEAC Command

{'f TEXAS
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Interrupted bursts (continued)

Table 8. Write-Burst Interruption

INTERRUPTING
COMMAND EFFECT OR NOTE ON USE DURING WRITE BURST
DEAC. DCAB The DEAC/OCAB command immediately supersedes the write burst in progress. DQM must be used to mask the DQ
! bus such that the write-recovery specification {trwt) i8 not violated by the Interrupt (see Figure 10).

WRT, WRT-P The new WRT (WRT-P) command and data in Inmediately supersede the write burst in progress (see Figure 8).

READ, READ-P Data in on previous cycle is written. No further data input is accepted (see Figure 7).
The data on the input pins at the time of the burst STOP command is not written, and no further data is accepted. The

STOP bank remaing active. A new read or write command cannot be entered for at least two cycles after the STOP command
(see Figure 9).

¢—— nCCD=2 (oven) —P

| |
WRT Command l READ Command l !
(soe Nlola A) ‘ (ses Note A) { {
| | |

| l

|
|

DQO—DQB-——-( D0-D3 X DOJ—DS > < Qo-Q3 XQO-03

NOTE A: For this example, read latency = 2 and burst length > 2.

Flgure 7. Write Burst Interrupted by Read Command

|¢——— nCCD = 2 (sven) —————»|
| I

! I
oK _/_—\J_\—/_\—/__\—/_\——/_\—/_

Interrupting
WRT Command 3
for Column Address CO WRT-P Command
(see Note A)

w @ X @ X o X av X o X oo —

NOTE A: For this example, burst length > 2.

Figure 8. Wrlte Burst Interrupted by Write Command
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interrupted bursts (continued)
J¢——— nCCD = 2 (even) ————»|
|
| |

WRT Command | |
for Column Address CO < nBSD = 2 >
(se® Note A)
Interrupting New Write Command
STOP Command

pe co _Xcon Xlamr-d X Ignored X X X

NOTE A: For tthis example, burst length > 2.

Figure 9. Write Burst Interrupted by STOP Command

j¢—— nCCD=2(sven) —P
l I
« /N S\ S\
|

!

WRT Command ! DEAC or DCAB Command
(see Note A) : (see Note A)
| |
L Il i
DQO-DQ3 ————< Do-D3 X DO0-D3 X Ignored >
1§ |
4 tRwL —9

pam

R

A

NOTE A: For this example, read latency = 2, burst length > 2, and oK = tRwL.
Figure 10. Write Burst Interrupted by DEAC/DCAB Command

power up

Device initialization should be performed after a power up to the full Vg level. After power is established, a
200-ps interval is required (with no inputs other than CLK). After this interval, both banks of the device must be

deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the
device initialization.

“"f TEXAS
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absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t

SUPPly VOGO TANGE, VoG -t v vttt et e e e -05Vto46V
Supply voltage range for output drivers, Voo « v v vvveiiii i -05Vto46V
Voltage rangeonany pin (see Note 1) ... .. . i e -05Vto46V
Short-circuit Ut PUt CUITENt . L e e e e i e s 50 mA
Powar dissipation .. ... e e et i e e, 1w
Operating free-air temperature range, Ta . ..ottt i i i 0°Cto 70°C
Storage temperature range, Tgtg - .....ooi —~585°Cto 150°C

1 Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those Indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extanded pericds may affect device reliabllity.

NOTE 1: All voltage values are with respect to Vgs.

recommended operating conditions

MIN  NOM MAX UNIT
vee Supply voltage 3 33 a6 v
Veccaq  Supply voltage for output drivers 3 3.3 3.6 \'
Vss Supply voltage 0 v
Vgsq  Supply voitage for output drivers 0 \4
VIH High-level Input voltage 2 Ve +0.3 A
ViL Low-level input voltage -03 08 v
TaA Operating free-air temperature 0 70 °C

{’f TEXAS
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SMOSB42A — FEBRUARY 1894 — REVISED JUNE 1995

capacitance over recommended ranges of supply voltage and operating free-alr temperature,
f =1 MHz (see Note 4)

MIN  MAX | UNT
Ci(s) Input capacitance, CLK 7 pF
Ciac)  Input capacitance, A0O-At11, TS, DQM, RAS, CAS, W 5| pF
Ci(e) Input capacitance, CKE 5 pF
Co Output capacitance 8 pF

NOTE 4: Ve = 3.3 £ 0.3 V and bias on pins under test is 0 V.

ac timing requirements over recommended ranges of supply voitage and operating free-alr
temperature

'626402-10 '626402-12 '8626402-15 UNIT
MIN MAX MIN MAX MIN MAX
Read latency = 1 30 36 40
tck Cycle time, CLK (system clock) Read latency = 2 15 18 20 ns
Read latency = 3 10 12 15
tckH  Pulse duration, CLK (system clock) high 3 3.5 4 ns
oKL Pulse duration, CLK (system clock) low 3 3.5 4 ns
Read latency = 1 29 33 38
tac ?g:;’ozg"s") CLK 1 to data out Read latency = 2 14 15 18| ns
Read latency = 3 9 10 12
toH Hold time, CLK t to data out 3 3 3 ns
Wz (D;I:Lt(lar:;e.e)CLK to DQ in the low-impedance state 0 o o ns
. ) Read latency = 1 20 20 20
1 (%74 Ei:f}ilm:e";z.ncecmmate'?sogﬁot;nn the Read latency = 2 12 13 14 ns
Read latency = 3 ] 10 n
tos Setup time, data in 2 2 2 ns
1AS Setup time, address 2 2 2 ns
tcs Setup time, control Input (CS, RAS, CAS, W, DQM) 2 2 2 ns
tces  Setup time, CKE (suspend entry/exit, power-down entry) 2 2 2 ns
tcesp Setuptime, CKE (power-down/self-refresh exit) (see Note 8) 8 10 12 ns
toH Hold time, data in 2 3 4 ns
tAH Hold time, address 2 k] 4 ns
toH Hold time, control input (CS, RAS, CAS, W, DQM) 2 3 4 ns
tceEH  Hold time, CKE 2 3 4 ns
REFR command to ACTV, MRS, REFR or SLFR command;
t1RC ACTV command to ACTV, MRS, REFR or SLFR command; 100 110 125 ns
Self-refresh exit to ACTV, MRS, REFR or SLFR command

1 See Parameter Measurement Information for foad circuits

1 All raferences are made 1o the rising transition of CLK, unless otherwise noted.

NOTES: 5. tac ls referenced from the rising transition of CLK that is previous to the data-out cycle. For example, the first data-out tAC is
referenced from the rising transition of CLK that is read latency — 1 cycles after the READ command. An access time Is measured
at output reference level 1.4 V.

t, 7 is measured from the rising transition of CLK that is read latency — 1 cycles after the READ command.

tHz (max) defines the time at which the outputs are no longer driven and is not referenced to output voltage levels.

Htcesp > tok. NOOP or DESL commands must be entered until toegp Is met. CLK must be active and stable (if CLK was turned
off for power down) before CKE is returned high.

®No
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ac timing requirements gver recommended ranges of supply voltage and operating free-air
temperature (continued)t

'626402-10 '626402-12 '626402-18 UNIT
MIN MAX MIN MAX MIN MAX
1RAS ACTV command to DEAC or DCAB command 60 100 000 70 100 000 80 100 000 ns
trcp  ACTV command to READ or WRT command 30 35 40 ns
DEAC or DCAB command to ACTV, MRS, SLFR,
‘AP or REFR command 40 40 4 ne
Final data out of READ-P operation to ACTV,
'APR MRS, SLFR, or REFR command 1RP + (EP x tci) ns
Final data in of WRT-P g etiengtha1 | 1 clock+60 1 clock+60 1 clock+75
t operation to ACTV, MRS, s
APW SLFR, or REFR command Burst length > 1 50 60 75
(see Note 10) urst length >
Final data in to DEAC or | Burstiength =1 | 1 clock+20 1 clock+20 1 clock+30
tRwL  DCAB command ns
(see Note 11) Burst length > 1 20 20 30
ACTV command for one bank to ACTV command
'RRD for the other bank 20 2 30 ne
T Transition time, all Inputs (see Note 8) 1 5 1 5 1 5 ns
tReF  Refresh interval 84 84 64 ms

1 See Parameter Measurement Information for load circuits
% All references are made to the rising transition of CLK, unless otherwise noted.
NOTES: 8. Transition time, t1, Is measured between Vi and V(.
10. for BL=1only
SPEED
-10, ~12 = tapyy is 60 ns from first unsuspended clock edge after last data in
—15 = tapyy is 80 ns from first unsuspended clock edge after last data in
11. forBL =1 only
SPEED
-10, -12 = tywL is 20 ns from first unauspended clock edge after last data In
~-15 = tRyL is 30 ns from first unsuspended clock edge afier last data in

*“ TEXAS
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clock timing requirements over recommended ranges of supply voltage and operating free-alr

temperature!
'626402-10 '628402-12 '626402-18 e,
MIN MAX| MIN MAX| MIN MAX

Burst iength = 1, Read latency = 1 1 1 1
Burst length = 1, Read latency = 2 0 0 [} cycles

nEP Final data out to DEAC or | Burstiength = 1, Read latency = 3 -1 -1 -1

DCAB command Burst length > 1, Read latency = 1 0 0 0
Burst length > 1, Read latency = 2 -1 -1 -1 cycles

Burst length > 1, Read latency = 3 -2 -2 -2

DEAC or DCAB interrupt of | Read latency = 1 1 1 1
nHZP gfg':_i;‘ge;’:f; ':‘azo In the I o ead latency = 2 2 2 2 cycles

(see Note 12) Read latency = 3 3 3 3
el T e e I 2 2 |oom
ncwy Final data in to READ or WRT Burst length « 1 2 2 2 cycles
command in either bank Burst length > 1 1 1 1 cycles
nWCD WRT command to first data in [} 0 [} 0 0 | cycles
nDID  ENBL or MASK command to data in 0 0 0 0 0 | cycles
nDOD ENBL or MASK command to data out 2 2 2 2 2| cycles
L D ot e IR
nRSA MRS command to ACTV, REFR, SLFR, or MRS command 2 2 2 cycles
nCOD DESL command to controf input inhibit 0 0 0 0 0 0| cycles
nBSD  STOP command to READ or WRT command 2 2 2 cycles

1 All references are made to the riging transition of CLK, unless otherwise noted.

$ A CLK cycle can be considered as contributing to a timing requirement for those parameters defined in cycle units only when not gated by CKE
(those CLK cycles occurring during the time when CKE is asserted low).

NOTES: 12.

nCCD).

A data-out burst can be interrupted only on an even number of clock cycles after the initial READ command is entered (refer to

13. Aread or write burst can be interrupted only at an even number of clock cycles after entry of the initlal READ or WRT command.
The nCCD paramaeter is only required in the case of a burst Interruption.

‘t{’ TeExas
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SMOS6842A — FEBRUARY 1894 — REVISED JUNE 1995

PARAMETER MEASUREMENT INFORMATION

general intormation for ac timing measurements

The ac timing measurements are based on signal rise and fall times equal to 1 ns (tt = 1 ns) and a midpoint
reference level of 1.4 V for LVTTL. For signal rise and fall times greater than 1 ns, the reference level should
be changed to Vi min and V) max instead of the midpointlevel. All specifications referring to READ commands
are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT commands
are also valid for WRT-P commands unless otherwise noted. All specifications referring to consecutive
commands are specified as consecutive commands for the same bank unless otherwise noted.

14V 3.3v
RL = 500 O é Ri=11800Q
Output
Output —e
Under Test Under Test [
»
CL = 50 pF R2 =868 4 CL =50 pF
I (see Note A) (see Note A)
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: C_ includes probe and fixture capacitance.

Flgure 11. Load Clircuits

]
DEAC/DCAB
Command

|
I
| Mz—lﬂ—ﬂ

i X XXX y S

Final Output of Burst

NOTE A: For this example, assume read latency = 3 and burst length > 1.

Figure 12. nEP, Final Data Output to DEAC or DCAB Command
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PARAMETER MEASUREMENT INFORMATION

{¢————— Read Latency ——————9|
| |
| I
o _/_\_w_/_\__‘,_/—\_/_\%
| | | | |
ACTV oRERD tac —f‘—bf : {
Command ommand t
: wz e | HZ
| j-bt- toH [

i |
[
\VAVAVAVAVAVAVAV AV l '
_ XXX XX
o000 B KX >—

Figure 13. Output Parameters

ACTV j¢—— tgag — — M DEAC,DCAB

ACTV  &— treo 44 READ, WRT
DEAC,DCAB l¢———— tpp 41 ACTV, MRS, REFR, SLFR

REFR j¢——  tgc ————n ACTV, MRS, REFR, SLFR

ACTY ¢ e —_—H, ACTV, MRS, REFR, SLFR
Self-RefreshExit l¢— —  tac ——Jl ACTV, MRS, REFR, SLFR

ACTV |¢&——— tgRrp ——————» ACTV (of a different bank)

| See Note A |
MRS % » ACTV, REFR, SLFR, MRS
¢ nRSA 3
READ, WRT :47 nCCD 4% STOP, READ, WRT, DEAC, DCAB

DESL —$¢— nCDD |
Command | |
Disable | |

~_ 7/ \ F \_

NOTE A: trRp is specified for command execution in one bank to command execution In the other bank.

{(
7

Figure 14. Command-to-Command Parameters

5-24
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PARAMETER MEASUREMENT INFORMATION

e tek —¥
tCKH—lr;‘—’: :

|

X 1@ —
CLK | |

| | |

| | Pl ety

"CKL—H—D‘ I

L B o
tps, tas, ics: tCES —n——J

| lh—n—l tOH, tAH: tCH) 'CEH

| | |
| | DQ0-DQ3, A0-A11, TG, RAS,
| CAS, W, DaM, CKE

)
fr 5 & '

}1—'1—- 1DH, tAH. tCH. tCEH
|

|
tps. tas, tcs. tCES) tCESP —— ¥ |

| | DQO-DQ3, A0-A11, TS, RAS,
i CAS, W, DQM, CKE
|

+ et

Figure 15. Input-Attribute Parameters

Read Latency =2
— (see Note A) _“

I nDOD — trwL —|
* {for ENBL) ’ [ [

I
READ Command nDOD WRT Command ! DEAC/DCAB

| I' (tor MASIQ ' °| . } Command

| DH '

j | tDS | | ] |

| | | L I

DQ0-DG3 l — Qo- 03 Do-D3 X ignored >_=_
ENBL Commlnd —)/'
| MASK Command |

|
|
| |
R R B :
baw | R EXIITTIRR
| RN / R

NOTE A: For this example, assume read latency = 2 and burst length = 2.

Figure 16. DQ Masking
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PARAMETER MEASUREMENT INFORMATION

! (see Note A)
l

IQ— Read Latency = 2 —b}
|
J
!
!
I
|
1

READ-P Command ACTV Command

|

| |

| |
DQO-DQ3 | { oo-a3 X a-a3 ) |

[ AN / |
NOTE A: For this example, assume read latency = 2 and burst length = 2.

Figure 17. Read-Automatic Deactlvate (Autoprecharge)
e tapw ¥

| |
CLK W (6 /T/—\_

WRT-P C’ommand : ACTV Colmmand
| ! |

| { |

1 \ |

D0-D3 i

DQo-DQ3 —< DO~D3 {see Note A) ) |

NOTE A: For this example, the burst length = 2,

Flgure 18. Write-Automatic Deactlvate (Autoprecharge)
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PARAMETER MEASUREMENT INFORMATION

e nCLE —a} lu— nCLE —a:
oK MM—\_
| |
| |
| |
1 L

e
12
DQO-DQ3 —(QO—Q:SX Q0-Q3 (assume final data output of burst) ‘>——_
‘[ ')(l
I
}4—;}— ces e tces
]}[

CKE \

{0
)]

Flgure 19. CLK-Suspend Operation

Exit Power-Down Operation

CLK Is Don’t Care for This Interval —t‘———ﬂ (new command)
No READ (READ-P) or Enter | ‘
WRT (WRT-P) Power-Down ] |
|
|

| & I

|
tcES  CLK Must Be Active and Stable le—>— tcesp
Before Returning CKE High |

|

CKE sﬁ
(¢
)Y

Figure 20. Power-Down Operatlon
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PARAMETER MEASUREMENT INFORMATION

CLK Is Don't Care ——H———H

for This Interval i l
cLK v
! ! | «
! | Self-Refresh Exit ACTV, MRS, or
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NOTE A: Assume both banks are previously deactivated.
Figure 21. Self-Refresh Entry/Exit
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NOTE A: Assume read latency = 2 and burst length = 8.

Flgure 22, Write Burst Followed by DEAC/DCAB-Interrupted Read
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3, burst length

C1+2 C1+3 C1+4 C14+45 C1+8 Cl147

C1t Cl+1

BURST CYCLE
C0+2 CO+3 CO+4 CO+5 CO+6 CO+7

cot  Co+1

ROW
ADDR
RO
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BURST
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NOTE A: This example ilustrates minimum tgcp for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz.
Figure 26. Read-Write Burst With Automatic Deactivate (read latency

T Column-address sequence depends on programmed burst type and CO (see Table 6).
% Column-address sequence depends on programmed burst type and C1 (see Table 6).
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COo+1 Co+2 CO0+3
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ci#
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(o) @)
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ADDR
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Figure 31. Use Of DQM for Output and Data-In Cycle Masking (read-burst bank T,
write-burst bank B, deactivate all banks) (read latency = 2, burst length = 4)

NOTE A: This example illustrates a minimum trCp read burst and minimum trw), write burst for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz,
and the '626402-15 at 66 MHz.

1 Column-address sequence depends on programmed burst type and CO (see Table 5).
¥ Column-address sequence depends on programmed burst type and C1 (see Table 5).
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g h
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e
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BURST CYCLE

d
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SRR
b
CO+1
t Column-address sequence depends on programmed burst type and CO (see Table 6).

c
C0+2

)

%!

a
cot

ROW
ADDR
RO

BAN
®/T)
T

£
(0/Q)
Q

KE

BURST

NOTE A: This example illustrates minimum tRC, tRCD. NEF, and trp for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz.
Figure 32. Refresh Cycles (refreshes followed by read burst followed by refresh) (read latency = 2, burst length
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* Column-address sequence depends on programmed burst type and C1 (see Table 5).

NOTE A: This example illustrates minimum tycp for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz.

=4)

2, burst length

(read {atency

Figure 34. Use of CKE for Clock Gating (Hold) and Standby Mode (read-burst bank T with hold, write-burst bank B, standby mode)
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