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MT4C16256/7/8/9
256K x 16 DRAM

256K x 16 DRAM

FAST PAGE MODE TY675-]7

FEATURES ‘ E .
. miliuStr};( standard x16 pinouts, timing, functions PIN ASSIGNMENT (Top View) -_—
. and packages
* High-performance, CMOS silicon-gate process 40-Pin SOJ 40-Pin ZIP rcn
* Single +5V +10% power supply (Q-6) (O-4)
* Low power, 3mW standby; 500mW active, typical ol a) bas 16T U
* All device pins are fully TTL compatible oot E :_. 33 § ZZS,S oot DQ10 m
¢ 512 cycle refresh in 8ms (9 rows and 9 columns) pazqe npooe Ves Q12
¢ Refresh modes: RAS-ONLY, CAS-BEFORE-RAS pos [ 5 3 i pats DG4 pais >
and HIDDEN Vec [ 6 35 [ Vss pate DQ15
« Optional FAST PAGE MODE access cycle o E : B oan veo ves =
¢ BYTE WRITE access cycle baz g9 3 i ato D2 bar
« BYTE READ access cycle (MT4C16257/9 only) i whne - oo
¢ NONPERSISTENT MASKED WRITE access cycle P B B DGS ‘é‘;‘e
(MT4C16258/9 only) RAS i 14 7 N oE par
wqe  she T
OPTIONS MARKING a1 Q17 24 |1 A6 WEHAWE :_’;/"‘C
" Timing o LR T g
70ns access -7 voo 0] 20 211 vss Al a2
80ns access -8 . A3
100ns access -10 4_0'P 'l;' gSOP vss XZ°
= A5
¢ Write Cycle Access ) ! A7 A8
BYTE or WORD via WE MT4C16256 e 1 “ivss oE B
(non-maskable) perd 5 4 [mpo1s “NG/CASL CAS/CASH!
BYTE or WORD via CAS MT4C16257 ot N o pooans ne
(non-maskable) ele 2l
BYTE or WORD via WE MT4C16258 oo s ¥ oot
. 0
(maskable) S % fooas
BYTE or WORD via CAS MT4C16259
(maskable) _ no— 2fONG
“WELNGLT] 14 31 [ONG/CASL:
*WEHAWELT] 15 30 [ICAS/CASH"
» Packages FASCL] 16 29 [TI0E
Plastic SOJ (400 mil) Dy ne 2 oas
Plastic TSOP (400 mil) TG AT 19 2 e
Plastic ZIP (475 mil) z per= b o e
veed 22 23 [Mvss
NOTE: Available in die form. Please consult factory for die data sheets.
“MTAC16256/8 { MT4C16257/9

GENERAL DESCRIPTION

The MT4C16256/7/8/9 are randomly accessed solid-
state memories containing 4,194,304 bits organized in a
x16 configuration. The MT4C16256 and MT4C16258 have
both BYTE WRITE and WORD WRITE access cycles viatwo
write enable pins. The MT4C16257 and MT4C16259 have
both BYTE WRITE and WORD WRITE access cycles via
two CAS pins. The MT4C16258 and MT4C16259 are also
able to perform WRITE-PER-BIT accesses.

" The MT4C16256 and MT4C16257 function in the same
manner except that WEL and WEH on MT4C16256 and
CASL and CASH on MT4C16257 control the selection of
byte WRITE access cycles. WEL and WEH function in an
identical manner to WE in that either WEL or WEH will
generate an internal WE. CASL and CASH function in an
identical manner to CASin that either CASL or CASH will
generate an internal CAS.

MT4C16256/7/8/8
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The MT4C16256 “WE” function and timing are deter- LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
mined by the first WE (WEL or WEH ) to transition LOW and CASH transitioning LOW selects a WRITE cycle for the
and by the last to transition back HIGH. Use of only one of upper byte (DQ9-DQ16). BYTE READ cycles are achieved
the two results in a BYTE WRITE cycle. WEL transitioning through CASL or CASH in the same manner during READ
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) cycles for the MT4C16257.
and WEH transitioning LOW selects a WRITE cycle for the The MT4C16258 and MT4C16259 function in the same
upper byte (DQ9-DQ16). manner as MT4C16256 and MT4C16257, respectively; and

' E The MT4C16257 “CAS” function and timing are deter- they have NONPERSISTENT MASKED WRITE cycles ca-
== mined by the first CAS (CASL or CASH)to transition LOW pabilities. This option allows the MT4C16258 and
U and by the last to transition back HIGH. Use of only one of MT4C16259 to operate with either normal WRITE cycles or
IT1 the tworesultsina BYTE WRITE cycle. CASL transitioning with NONPERSISTENT MASKED WRITE cycles.

O 7-46-23-17
g FUNCTIONAL BLOCK DIAGRAM

L3

| MT4C16256/8 ;
: ONLY .
WEL o i WE
WEH :
Hiliehibbi i S 0 it |
¢ MT4C16257/9 i
' ONLY !
1 N
CASL o ! CAS } DATA IN BUFFER
CASH o] : » ; .
R ERCECEER R : jj—_. MASK DATA REGISTER (16258/9 anly)! 061
£ preRarTE possare) | LOVER SYTE a1 05 o
o e ‘.
NO. 2 CLOCK . B DQ16
GENERATOR ‘
DATA OUT
COLUMN . N BUFFER 58
ADDRESS (B EREE B »| COLUMN — °
BUFFER = ” | DECODER
A0
Al REFRESH
A2 CONTROLLER .
| SENSE AMPLIFIERS
A3 L] | /0 GATING
Ad REFRESH :
A5 COUNTER . hi= 512115
A8 ;
p = -
A8 o [
ROW : 2| i | s12x512x16
ADDRESS 30 | stz MEMORY
BUFFERS (9) « E’ g ARRAY
t ]
1 S ——
— NO. 1 CLOCK
RAS GENERATOR I «—o Voo
+«——0 Vas
MT4C16256/7/879 Micron Technalogy, Inc., resarves the right to change products or specificalions without nofice.
REV. 4192 2'1 70 1992, Micren Technology, Inc.
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MlanN MT4C16256/7/8/9
MICRON TECHNOLOGY INC 55E D WM Ll1ll549 UUU'-IE‘-!]: 357 EMMRN
PIN DESCRIPTIONS ; T-46-23-17

$0J S0P zIP . o]
PINS PINS PINS SYMBOL TYPE DESCRIPTION
14 16 24 RAS Input | ROW Address Strobe: RAS is used to latch in the 9
row-address bits and strobe the WE and DQs on the
MASKED WRITE option (MT4C16258 and MT4C16259
only).
28 30 38 CAS/CASH| Input | Column Address Strobe: TAS (MT4C16256/8) is used to

latch-in the 9 column-address bits and enable the DRAM
output buffers, and strobe the data inputs on WRITE cycies.
CAS controls DQ1 through DQ186.

Column Address Strobe Upper Byte: CASH (MT4C16257/9)
is the CAS control for DQS through DQ16. The DQs for the

byte not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle.

27 29 37 CE Input | Output Enable: OE enables the output buffers when taken
LOW during a READ access cycle. RAS and CAS
(MT4C16256/8) or CASL / CASH (MT4C16257/9) must be
LOW and WEL / WEH (MT4C16256/8) or WE
(MT4C16257/9) must be HIGH before OE will control the
output buffers. Otherwise, the output buffers are in a High-Z
state.

13 15 23 WEH/WE | Input | Write Enable Upper Byte: WEH (MT4C16256/8) is WE
control for the DQ9 through DQ16 inputs. If WE or WEH is
LOW, the access is a WRITE cycle. If either WE or WEH
is LOW at RAS time on MT4C16258, then it is also a
MASKED WRITE cycle. The DQs for the byte not being
written will remain in a High-Z state (BYTE WRITE cycle
only).

Write Enable: WE (MT4C16257/9) controls DQ1 through
DQ1s6inputs. If WE is LOW, the access is a WRITE cycle.
The MT4C16258/9 also use WE to enable the MASK
register during RAS time.

12 14 22 WEL/NC | Input | Write Enable Lower Byte: WEL (MT4C16256/8) is the WE
control for DQ1 through DQ8 inputs. If WEL is LOW, the
access is a WRITE cycle. If WEL is LOW at BAS time on
MT4C16258, then it is also a MASKED WRITE cycle. The
DQs for the byte not being written will remain in a High-Z
state (BYTE WRITE cycle only).

29 31 39 NC/CASL | Input | Column Address Strobe Low Byte: CASL (MT4C16257/9) is
the CAS control for DQ1 through DQ8. The DQs for the byte
not being accessed will remain in a High-Z state during
either a READ or a WRITE access cycle.

16-19, 18-21, 26-29, AQ-A8 Input | Address Inputs: These inputs are multiplexed and clocked by

22-26 24-28 32-36 RAS and CAS (or CASL / CASH) to select one 16-bit word
(or 8-bit byte) out of the 256K available words.

INVHA 3dIM

MT4C1625617/8/9 2 1 7 1 Micran Technology, Inc., reserves the right to change products or specifications withaut natice.
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256K x 16 DRAM
MICRON TECHNOLOGY INC 55 D EW 6111549 0004542 293 EEMRN
PIN DESCRIPTIONS (continued ‘
( ) T-46-23-17  _
S04 S0P Filg
PINS PINS PINS SYMBOL | TYPE DESCRIPTION
2-5,7-10, | 25, 7-10, | 12-15, | DQ1-DQ16| Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
31-34, 35-38, 17-20, Output | addressed DRAM location. BYTE WRITES can be performed
E 36-39 40-43 1-4,6-9 by using WEL / WEH (MT4C16256/8) or CASL / CASH
(MT4C16257/8) to select the byte to be written. For READ
— access cycles, DQ1-DQ16 act as outputs for the addressed
U DRAM Location. All sixteen I/Os are active for READ cycles
m (MT4C16256/8). The MT4C16257/9 allow for BYTE READ
U cycles.
m 11,15,30 | 13,17 |21,25,40 NC - No Connect: These pins should be either left unconnected or
tied to ground.
> 1,6,20 1,6,22 (11,16, 30 Vce Supply | Power Supply: +5V £10%
g 21, 35,40 | 23,39, 44| 5,10, 31 Vss Supply | Ground

MT4C16256/7/819 Mieron Tachnology, Inc., reserves the right to change products or specifications without natice.
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FUNCTIONAL DESCRIPTION

Each bit'is uniquely addressed through the 18 address
bits during READ or WRITE cycles. These are entered 9 bits
(AD-AS8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW. The
MT4C16256 and MT4C16258 each have one CAS control
while the MT4C16257 and MT4C16259 have two: CASL and
CAGH. .

The CASL and CASH inputs internally generate a CAS'
signal functioning in an identical manner to the single
CAS input on the other 256K x 16 DRAMs. The key differ-
ence is each CAS controls its corresponding DQ tristate
logiic (in conjunction with O and WE). CASL controls DQ1
through DQ8, and CASH controls DQ9 through DQ16.

The MT4C16257 and MTAC16259 “CAS” function is de-
termined by the first CAS (CASL or CASH ) to transition
LOW and the last one to transition back HIGH. The two
CAS controls give the MT4C16257 and MT4C16259 both
byte READ and byte WRITE cycle capabilities.

READ or WRITE cycles on the MT4C16257 or MT4C16259
are selected with the WE input while either WEL or WEH
perform the “WE” on the MT4C16256 or MT4C16258. The
MT4C16256 and MT4C16258 “WE” function is determined
by the first BYTE WRITE (WEL or WEH,) to transition LOW
and the last one to transition back HIGH.

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ! through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cydle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data
out (Q) is activated and retains the selected cell data aslong
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ-WRITE cycle.

The 16 datainputsand 16 data outputsare routed through
16 pins using common I/O, and pin direction is controlled

T-46-23-17
by OE , WEL and WEH (MT4C16256 and MT4C16258) or
WE (MT4C16257 and MT4C16259).

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row address (A0-A8) defined page boundary. The FAST
PAGE MODE cycle is always initiated with a row address
strobed-in by RAS followed by a column address strobed-
in by CAS. CAS may be toggled by holding RASTLOW and
strobing-in different column addresses, thus executing faster
memory cycles. Returning RAS HIGH terminates the FAST
PAGE MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.
The chip is also preconditioned for the next cycle during the
RAS high time. Memory cell data is retained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID-
DEN refresh) so thatall 512 combinations of RAS addresses
(AO0-AB) are executed at least every 8ms, regardless of
sequence. The CAS-BEFORE-RAS refresh cycle will also
invoke the refresh counter and controller for ROW address
control.

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
WEL and WEH or CASL and CASH. Enabling WEL/
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8)
while Enabling WEH or CASH will select an upper BYTE
WRITE cycle (DQ9-DQ16). Enabling both WEL and WEH
or CASL and CASH selects a WORD WRITE cycle.

The MT4C16256, MT4C16257, MT4C16258 and
MT4C16259 can be viewed as two 256K x 8 DRAMS which
have common input controls, with the exception of the WE
orthe CASinputs, Figure 1 illustrates the MT4C16256 BYTE
WRITE and WORD WRITE cycles and Figure 2 illustrates
the MT4C16257 BYTE WRITE and WORD WRITE cycles.

The MT4C16257 also has BYTEREAD and WORDREAD
cycles, since it uses two CAS inputs to control its byte
accesses. Figure 3 illustrates the MT4C16257 BYTE READ
and WORD READ cycles.

MT4C16256/7/6/8
REV. 4/92

2-173
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MASKED WRITE ACCESS CYCLE (MT4C16258/9 Only)

The MASKED WRITE mode control input selects normal
WRITE access or MASKED WRITE access cycles. Every
WRITE access cycle can be a MASKED WRITE, depending
on the state of WE at RAS time. A MASKED WRITE is
selected when mask data is supplied on the DQ pins and
WE is LOW at RAS time. The MT4C16256 and MT4C16257
do not have the MASKED WRITE cycle function.

The data (mask data) present on the DQ1-DQ16 inputs at
RAS time will be written to an internal bit mask data
register and will then act as an individual write enable for
each of the corresponding DQ inputs. If a LOW (logic “0”)
is written to a mask data register bit, the input port for that
bit is disabled during the following WRITE operation and

«+——  WORD WRITE

S5E D MM 6111549 DDO454Y Obk M MR

ADVANCE

MT4C16256/7/8/9
256K x 16 DRAM

N
no new data will be written to that DRAM cell location. A
HIGH (logic “1”) on a mask data register bit enables the
input port and allows normal WRITE operations to pro-
ceed. At CAStime, thebits present on the DQ1-DQl6 inputs
will be either written to the DRAM (if the mask data bit was
HIGH) or ignored (if the mask data bit was LOW).

New mask data must be supplied each time a MASKED
WRITE cycleis initiated (non-persistent), even if the previ-
ous cycle’s mask was the same mask.

Figure 4 illustrates the MT4C16258 MASKED WRITE
operation and Figure 5 illustrates the MT4C16259
MASKED WRITE operation.

T-46-23-17

« LOWER BYTE WRITE ————-*>‘

RAS
CAS \ |
WEL : /
WEH | N
STORED INPUT STORED | STORED INPUT STORED
DATA DATA DATA | DATA DATA DATA
1 1 emeee > [1] [1] 1 e > [1]
1 LRERCES > [1] [1] 1 enees > [1]
1 [ EEREEEE > 1o] [o] 1 e > 1]
LOWER BYTE 1 0 e > o] | [0 1 > [1]
(DQ1-DQ8) 1 0 -ee- > |0} 10] 1 e > 1]
OF WORD 1 1 s = [ [ 1 e > (1]
1 1 - > [1] (1] 1 e > 1]
1 0 -eems > [o] [o] 4 e > [1]
0 1 emees > [1] [1] X eeen- > [1]
0 1 ----- > 1] L1 X e > |1
0 0 --ee- > |[o 0 X eemess > [0
UPPER BYTE 3 0 eeen > o] | [9] X eeeee > [o)
(DQ9-DQ16) 5 . > [1] 0 X e - [1]
OF WORD 3 0 e > [0 o] X -~ [o]
0 1 meees > 1] 1] X oeeee > [1]
0 0 eee- = |o] o] X eenees > |0]
<«————— ADDRESS 0 ADDRES§{
X = NOT EFFECTIVE (DON'T CARE)
Figure 1

MT4C16256/8 WORD AND BYTE WRITE EXAMPLE

Micron Technatogy, Inc., reserves the right to change products or specifications without notice..
©1992, Micron Technology, tne.”
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MICRON TECHNOLOGY INC S55E D W 6111549 0004545 TT2 EMMRN
T-46-23-17
l <+——— WORD WRITE » ‘ - : LOWER BYTE WRITE —————»'
RAS \ / \ /
=
w0 S — 9
CASH \—/ ; g
WE \ /SN S >
STORED  INPUT INPUT  STORED | STORED INPUT INPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
] R T T > [o] [0] L T >[1]
1] 1 N > [0] o] [ > [1]
0 L > 1] 1] SR > o]
LOWER BYTE 1] [ JER > 0] 0] [ > [1]
(DQ1-DQ8) 1] 1 > 0] 10] 1 e > [1]
OF WORD 1] [ > (0] 10 1 e > (1]
1] 0 ---mmmemeeemeees > [0] 0] I ettt >[1]
1] T > |0] 0] SR — > [1]
(o] X -e-e- L > [1] [1] ) T — > [1]
1] ) QEEEEE > 0 ---e- > (0] 0] X femeemememeeeas > [0}
UPPER BYTE o] X mooe o1 > 1] X e gl
(DQ9-DQ16) 1] X o> 0 -o--> o] | o] X oooeoneeaoeennees > 0]
OF WORD 0] X omeses = 1 > 1] R X mmooemcneeans > 1)
0| ) QR > 1 eeee- > (1] 1] X s > [1]
0] ) I B > [1] 1] X mrmreeonenneae > 1]
[0] ) Q. > 1 -ooe: > 1] 1] ) G > [1]
<« ADDRESS 0 - ADDRESS1 —————————»
X = NOT EFFECTIVE (DON'T CARE)
Figure 2
MT4C16257/9 WORD AND BYTE WRITE EXAMPLE
:;‘1;?:’692256/7/8/9 2_1 75 Micron Technology, Inc., reserves the right to change products ;: mn: without nm:::
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MICRON TECHNOLOGY INC 55E D WM b111549 000454 939 EANRN
T-46-23-17
| «—————— WORD READ ‘ LOWER BYTE READ ———b'

ms .\ /N /

T . S

WvHa 3aIm

STORED OUTPUT  OUTPUT  STORED |STORED OUTPUT  OUTPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
1] 1 eeeee > 1 11 11 LSS > 1 1]
LOWER BYTE 11 1o =1 11 11 1 omenes > 1 11
(DQ1-DQ8) 10 0 oo >0 19 10 0 oo >0 19]
OF WORD L1 1o =1 1t 11 1 oreeees > 1 AR
11 LIRS > 1 11 K 1 emeees > 1 REN
11 1 eee-- E 1] 11 1 ee-e- > 1 111
1] 1o KIRNEnEl 1> 1]
1] 1 e > 1 L] L1 1 mee > 1 1]
[0] Z eeee- > 0 [0] o] Z eeee- > 2 (0]
[1] Z e > 1 1] 1] Z eeee- > Z 1]
UPPER BYTE 10] zZ e > 0 0] 10| zZ - > Z 0]
(DQ9-DQ16) 1] Z ee-ee > 1] 1] Z - > Z 1]
OF WORD 10] Z - > 0 0] 10} Z -eee- > Z | 0]
10] Z - > 0 0] 10| Z eee- > Z 10]
10] Z --ee- > 0 0] 0] Z - > Z 0]
10| Zz ------ > 0 0] 10] Z o-e--- > Z 10}
<+———————— ADDRESS 0 > | - ADDRESS 1 ———n————p
Z = High-Z
Figure 3
MT4C16257/9 WORD AND BYTE READ EXAMPLE
MT4C16256/7/8/9 Micron Technology, Inc., reserves the right to change products or specifications without nofice.
REV. 4/92 2' 1 76 ©1992, Mieron Technology, Inc.
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T-46-23-17

| «+——— MASKED WRITE > , NONMASKED WRITE ———————>'

= . ) /_

WVHA 3diM

I/ N/ g /)

STORED MASK INPUT STORED | STORED  MASK INPUT STORED
DATA  DATA DATA DATA DATA DATA - DATA
(1] X 0 -mee- > [0] [1] 1 4 s > [1]
1] X 0 ----- > 0] 1o} 1 1 > |1
1] X [ JEEEES > 0] 1] 1 LTS > |1
LOWER BYTE ] x P - o o] . 4 > [i]
(DQ1-DQ8) ] X 0 cmeeen > [0] 1 1 0 eeee- > |o]
OF WORD 1] X 0 ----- > 0] 10} 1 0 --e-- > |0]
1] X [VIREESED > (0] 1] 0 0 ----- > |1
1] X 0 ---e- > [0] 10] 1 0 --e-- > |o]
(1] 0 X 1] 1] X 1 e > [1]
|11 0 X 1] 1] X [ > 10|
0 1] X 0 0 X 1 - > 1
UPPER BYTE - i " —
0 0 X 0 Q X 0 ----- > 0
(DQ9-DQ16) r ry T x4 s g
OF WORD 10| 1 0 -men- L 191 X 1 > 1
19| 1 0 -e--- > 0] 191 X 1 eeeee- > 1]
10| 1 1 --- > 1 1] X 0 ----- > 0]
10} 1 LIREEEES) > 1] 1] X 0 ----- > |0}
+——————— ADDRESS 0 ol B = ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) ) : DON'T CARE
Figure 4 5
MT4C16258 MASKED WRITE EXAMPLE
MT4C16256/7/8/9 Micron Technology, Inc.. reserves the right to change products or specifications without notice.
REV. 4/92 . 2‘1 77 ©1992, Micren Technology, Inc.
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T-46-23-17
| «——— wskepware P NONMASKED WRITE ————— |

NWvda 3diMm

AAS \ /S

«mu

STORED MASK © INPUT  STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA

[1] 0 X [1] [1] X 1 eeeen > [1]
1] 1 0 ----- > |o0] B X 1 - > (1]
: L 0 X l L X 1 ----- > l
LOWER BYTE ] 3 0 memen > (0] 0] X 1 e > 1]
(DQ1 -DQ8) l 0 X _1_ L X 0 ------ > _0_
OF WORD T o> [3] | [0] " 0 e > o]
1] 0 x (1] 7] X 0 - > [o]
1] 1 0 --im- > |0] (o] X 0 --e- > |[o]
(1] 0 X B (1] X 1 emes > [1]
—  W— —_— b
1] 0 X 1] 1] X 0 --es > |0

0 0 X 0 0 X S > |1
UPPER BYTE e : 2| B Al

o 0 X o 0 X 0 - > [0
(DQe-DQ16) " o] 1 0 (o] 0] X 1 meee > [1]
OF WORD e > T3 R
0] 1 (- > [0] 0] X 1 e > [1]

0] 1 T > [1] 7] X 0 --e-- > 10
0] 1 1 emees > 1] 1] X 0 - > [o]

«— APDRESSD > | ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) ' DON'T CARE
B Figure 5
MT4C16259 MASKED WRITE EXAMPLE
MT4C16266/7/8/9 . Micron Technology, Inc., reservas the right to change products or specifications without notice.
REV. 4/92 2‘1 78 ©1992, Micron Technology, Inc.
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TRUTH TABLE: MT4C16256/8 :  T-46-23-17

ADDRESSES

FUNCTION RAS | CAS | WEL | WEH OF | R 'c |DOs NOTES
Standby . H H—-X X X X X X | High-Z
READ L L H H L ROW [ COL | Data Qut
WRITE: WORD L L L L X ROW | COL | Dataln 3 E
(EARLY-WRITE) _—
WRITE: LOWER : L L H X |ROW | COL | Lower Byte, Data In 3 ?1
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L L H L X |ROW | COL | Lower Byte, High-Z 3 |10
BYTE (EARLY) Upper Byte, Data In m
READ-WRITE L L H—L H-L L—+H |ROW | COL | Data Out, Data In 1,3 >
PAGE-MODE |[1st Cycle L H—-L H H L |ROW | COL | Data Out g
READ 2nd Cycle| L H—+L H H L n‘a | COL | Data Out
PAGE-MODE | 1st Cycle L H—L L L X ROW | COL | Data In 1,3
WRITE 2nd Cycle| L H—L L L X nfa | COL | Datalin 1,3
PAGE-MODE | 1st Cycle L H—-L [ H—L | H~L { L—»H |ROW | COL | Datain 1,3
READ-WRITE [2nd Cycle| L H-L | H—L H-L { L—H | n/a | COL | Data Out, Data In 1,3
HIDDEN READ L-H-L] L H H L ROW | COL | Data Out
REFRESH WRITE |[L—»H-L] L L L X ROW | COL | Data In 1,2,3
RAS-ONLY L H H H X ROW | n/a | High-Z
REFRESH
TAS-BEFORE-RAS H-L L H H X X X | High-Z
REFRESH

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).
2. EARLY-WRITE only.
3. Data-in will be dependent on the mask provided (MT4C16258 only). Refer to Figure 4.
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TRUTH TABLE: MT4C16257/9 ' '
T-46-23-17 _
‘ ADDRESSES o
FUNCTION RAS | CASL | TASH WE [1]3 ‘R |- % |[Das NOTES
Standby H H—+X | H—X X X X X | High-Z
READ: WORD L L L H L [ROW [ COL | Data Out
E READ: LOWER BYTE L L H H L ROW | COL | Lower Byte, Data Out
E Upper Byte, High-Z
READ: UPPER BYTE L H L H L ROW | COL | Lower Byte, High-Z
m Upper Byte, Data Out
O | WRITE: WORD L L L L X |ROW | COL | Dataln 5
m (EARLY-WRITE) | .
> WRITE: LOWER L L H L X |ROW | COL | Lower Byte, Data In 5
g BYTE (EARLY) Upper Byte, High-Z -
WRITE: UPPER f L H L "L X [ROW | COL | Lower Byte, High-Z 5
BYTE (EARLY) : _ Upper Byte, Data In )
READ-WRITE L L L H-L | L—»H |ROW | COL | Data Out, Data In 1,2,5
PAGE-MODE | 1st Cycle L H-L | H-L H L |ROW | COL | Data Out 2
READ 2nd Cycle| L H-L { H-L H L n‘a | COL | Data Out 2
PAGE-MODE | 1st Cycle L H-L { H-L L X -[ROW | COL |Dataln 1,5
WRITE 2nd Cycle L H-L | H—-L L X n/a | COL | Dataln 1,5
PAGE-MODE | 1st Cycle L H-L | H=-L H-L | L—H [ROW | COL | Data Out, Datain 1,2,5
READ-WRITE [2nd Cycle| L | H—L | H—L H—-L | L=H | nfa | COL | Data Out, Data In 1,2,5
HIDDEN READ L-H—-L] L L H L |ROW | COL | Data Out 2
REFRESH WRITE [L—H—L{ L L L X |ROW | COL |Dataln 1,3,5
RAS-ONLY L H H X X  [ROW | n/a [High-Z
REFRESH '
CAS-BEFORE-RAS H-L L L H X X X | High-Z 4
REFRESH o :

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).
2. These READ cycles may also be BYTE READ cycles {either CASL or CASH active).
3. EARLY-WRITE only.
4. Only one of the two CAS must be active (CASL or CASH).
3. Data-in will be dependent on the mask provided (MT4C16259 only). Refer to Figure 5.
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MICRON

TECHROLOGY. INC

NI»CRON TECHNOLOGY INC
ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to V&s........evn.... -1IVto +7V
Operating Temperature, To (Ambient) ......... 0°C to +70°C
Storage Temperature (Plastic) .......c..couevuee. -55°C to +150°C
Power Dissipation W
Short Circuit Output Current 50mA

ADVANCE

MT4C16256/7/8/9
256K x 16 DRAM

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device,
This is a stress rating only and functional operation of the
deviceatthese orany other conditions above those indicated
inthe operational sections of this specification isnot implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

T-46-23-17

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 3, 4, 6, 7) (0°C < T < 70°C; Ve = 5V +10%)

PARAMETER/CONDITION

SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage

Vece 4.5 5.5 \ 1

Input High (Logic 1) Voltage, All Inputs

ViH 2.4 | Vcc+1 \ 1

Input Low (Logic 0) Voltage, All Inputs

ViL -1.0 0.8 \ 1

WvHa 3dim

INPUT LEAKAGE CURRENT
Any Input OV < ViN < Vee
(All other pins not under test = QV)

OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour <5

5V) loz 10

OUTPUT LEVELS
Output High Voltage (lout = -5mA)
Output Low Voltage (lout = 4.2mA)

VoH

<| <%l &

0.4

VoL

PARAMETER/CONDITION

SYMBOL UNITS| NOTES

STANDBY CURRENT: (TTL)
(RAS = CAS = Viv)

lcct mA

STANDBY CURRENT: (CMOS)
(RAS = TAS = Voc -0.2V)

lcc2 1 1 1 mA 25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Address Cycling: tRC = 'RC (MIN))

lecs 160 | 1401120 | mA [3,4,42

OPERATING CURRENT: FAST PAGE MODE
Average power supply current

(RAS = Vi, CAS, Address Cycling: tPC = tPC (MIN); ICP, 'ASC = 10ns)

fcca 120 | 110 | 100 | mA |3, 4,42

REFRESH CURRENT: RAS-ONLY
Average power supply current
(RAS Cycling, CAS=V: tRC = IRC (MIN))

locs | 160 | 140 |120 | mA |3,5, 42

REFRESH CURRENT: CAS-BEFORE-RAS
Average power supply current
(RAS, CAS, Address Cycling: tRC = 'RC (MIN))

lcce 160 | 140|120 | mA | 3,5

MT4C16256/7/8/9
REV. 4/92
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558 D WE 5111549 DOO4552 132 EEMRN

CAPACITANCE

(Note: 2) T-46-23-17
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEHY WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < Ty < +70°C; Voo = 5V +10%)

AC CHARACTERISTICS -7 -8 -10

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time | 'RC 130 150 180 ns
READ-WRITE cycle time RWC 180 200 245 ns
FAST-PAGE-MODE READ or WRITE PC 45 50 55 ns 35
cycle time

FAST-PAGE-MODE READ-WRITE PRWC a5 100 110 ns 35
cycle time

Access time from RAS RAC 70 80 100 ns 14
Access time from CAS 'CAC 20 20 25 ns 15,33
Qutput Enable time 'OE 20 20 25 ns 33
Access time from column address AA 35 40 45 | ns

Access time from CAS precharge 'CPA 40 45 55 ns 33
RAS pulse width RAS 70 100,000 | 80 | 100,000 100 |100,000 | ns

RAS pulse width (PAGE MODE) 'RASP 70 100,000 80 100,000 100 100,000 ns

RAS hold time 'RSH 20 20 25 ns 40
RAS precharge time RP 50 60 70 ns

CAS pulse width 'CAS 20 100,000 20 100,000 25 100,000 ns 39
'CAS hold time ICSH 70 80 100 ns 32
CAS precharge time ICPN 10 10 10 ns 16, 36
CAS precharge time (PAGE MODE) 'CP 10 10 10 ns 36
RAS to CAS delay time ‘RCD 20 50 20 60 25 75 ns 17,31
'CAS to RAS precharge time 'CRP 10 10 10 ns 32
Row address setup time ASR 0 0 0 ns

Row address hold time RAH 10 10 15 ns

RAS to column RAD 15 35 15 40 20 55 ns | 18
address delay time

Column address setup time ASC 0 0 0 ns 31
Column address hold time ICAH 15 15 20 ns 3
Column address hold time AR 55 60 75 ns

(referenced to RAS)

Column address to 'RAL 35 40 55 ns

RAS lead time

Read command setup time ‘RCS 0 0 0 ns 26, 31
Read command hold time TRCH 0 0 0 ns 19, 26,32
{referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS) .

‘CAS to output in Low-Z tcLz 0 0 0 ns 33
gércc;gzzsemm 2_ 1 82 Micron Technology, Inc., reserves the right to change products. 5: m::cargn_ls_ s\rémg n;!:i
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I\"“CHDN MT4C16256/7/8/9

MICRON TECHNOLOGY INC

256K x 16 DRAM

T-46-23-17

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 8, 7, 8, 9, 10, 11, 12, 13) (0°C < T, <+70°C; Ve = 5V +10%)

AC CHARACTERISTICS -7 -8 -10

PARAMETER | SYM MIN MAX MiIN MAX MIN MAX UNITS NOTES

Output buffer turn-off delay 'OFF 0 15 0 15 0 20 ns 20, 29, 33
Output disable time ‘oD 15 15 20 ns 29, 41

Write command setup time wes 0 0 0 ns 21, 26, 31 E
Write command hold time WCH 15 15 20 ns 26,40 | v
Write command hold time 'WCR 55 60 75 ns 26 U
(referenced to RAS) ) m
Write command pulse width Wwp 10 10 20 ns 26 U
Write command to RAS lead time RWL 20 20 25 ns 26

Write command to CAS lead time 'CWL 20 20 25 ns 26, 32 :U
Data-in setup time DS 0 0 0 ns | 2233 | P»
Data-in hold time 'DH 15 15 20 ns 22,33 g
Data-in hold time 'DHR 55 60 75 ns

(referenced to RAS)

RAS to WE delay time 'RWD 95 105 135 ns 21

Column address AWD 60 65 80 ’ ns 21

to WE delay time

CAS to WE delay time ‘CWD 45 45 80 ns 21, 31
Transition time (rise or fail) T 3 50 3 50 3 50 ns 9,10

Refresh period (512 cycles) 'REF 8 8 8 ms 28

RAS to CAS precharge time ‘RPC 10 10 10 ns

CAS setup time 'CSR 10 10 10 ns 5,31
(CAS-BEFORE-RAS refresh)

CAS hold time 'CHR 10 10 10 ns 5,32
(CAS-BEFORE-RAS refresh) )

MASKED WRITE command to RAS 'WRS 0 0 . 0 ns 26, 27

setup time

WE hold time (MASKED WRITE 'WRH 15 15 15 ns 26

and CAS-BEFORE-RAS refresh)

Mask data to RAS setup time MS 0 0 0 ns 26, 27

Mask data to RAS hold time MH 15 . 15 15 ns 26, 27

OE hold time from WE during OEH 20 20 25 ns .28
READ-MODIFY-WRITE cycle

‘OE setup prior to RAS during ORD 0 0 0 ns

HIDDEN REFRESH cycle

Last TAS going LOW to first TAS to CLCH 10 10 10 ns 34

return HIGH

WE setup time ‘WRP 10 10 10 ns

(CAS-BEFORE-RAS refresh)

MT4C16256/7/8/9 2 1 8 3 Micron Technalagy, Inc., reservas the right to change products or specifications without notice.
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc =5V +10%,f =1 MHz.

3. Iccis dependent on cycle rates.

4. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T < 70°C) is assured.

7. An initial pause of 100s is required after power-up
followed by eight RAS refresh cycles (RAS-ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-up should be repeated any time
the tREF refresh requirement is exceeded.

8. AC characteristics assume ‘T = 5ns.

9. Vi (MIN) and Vi {(MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vix and VIL (or between VIL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Viz and
VL {or between VIL and VIH) in a monotonic manner.

11. If CAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gate and
100pF.

14. Assumes that 'RCD < 'RCD (MAX). If fRCD is greater
than the maximum recommended value shown in this
table, tRAC will increase by the amount that 'RCD
exceeds the value shown.

15. Assumes that tRCD = 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the Q buffer, CAS must be pulsed
HIGH for ‘CPN.

17. Operation within the tRCD (MAX) limit ensures that
tRAC (MAX) can be met. '/RCD (MAX) is specified as
a reference point only; if 'RCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by tCAC.

18. Opetation within the 'RAD limit ensures that 'RCD
(MAX) can be met. tRAD (MAX) is specified as a
reference point only; if 'RAD is greater than the
specified ‘RAD (MAX) limit, then access time is
controlled exclusively by TAA.

19. Either ']RCH or 'RRH must be satisfied for a READ

cycle.

Al

T-46-23-17

ADVANCE

MT4C16256/7/8/9
256K x 16 DRAM

S5E D MEE b111549 0004554 TOS EEMRN™ —

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition, not a reference to
VoH or VoOL.

21. tWCS, 'RWD, tAWD and *CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If tWCS = fWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If '(RWD 2 RWD (MIN), tAWD > 'AWD
(MIN} and !CWD = {CWD (MIN), the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions is met, the state of Q (at access time and
until TAS or OE goes back to Vis) is indeterminate.
OF held HIGH and WE taken LOW after CAS goes
LOW results in a LATE-WRITE (OE controlled) cycle.

22. These parameters are referenced to CASleading edge
in EARLY-WRITE cycles and WE leading edge in
LATE-WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OF is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OF is tied
permanently LOW, a LATE-WRITE or READ-
MODIFY-WRITE operation is not possible.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and OE =
‘HIGH.

25. All other inputs at Vec -0.2V.

26. Wiite command is defined as either WEL or WEH or
both going LOW on the MT4C16256/8. Write
command is defined as WE going LOW on the
MT4C16257/9.

27. MT4C16258/9 only.

28. LATE-WRITE and READ-MODIFY-WRITE cycles
must have both tOD and *OEH met (O HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously read data if CAS
remains LOW and OE is taken back LOW after ‘OEH
is met. If CAS goes HIGH prior to OE going back
LOW, the DQs will remain open.

29. The DQs open during READ cycles once ‘OD or *OFF
occur. If CAS goes HIGH first, OF becomes a “don’t
care.” If OF goes HIGH and CAS stays LOW, OE is
not a “don’t care;” and the DQs will provide the
previously read data if OF is taken back LOW (while
CAS remains LOW).

MT4C16258/7/8/9
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MlCHDN MT4C16256/7/8/9
ot e 256K x 16 DRAM
MICRON TECHNOLOGY INC 55E D ME L111549 0004555 941 EEMRN
NOTES (continued) T-46-23-17
30. Notes 31 through 41 apply to MT4C16257/9 only (*): 36. *Last rising CASx edge to first falling ¢ CASx edge.
31. *The first CASx edge to transition LOW. 37. *First DQs controlled by the first CASx to go LOW.
32. *The last CASx edge to transition HIGH. 38. *Last DQs controlled by the last CASx to go HIGH.
33. *Output parameter (DQx) is referenced to corre- 39. *Each CASx must meet minimum pulse width.
sponding CAS input; DQ1-DQS8 by CASL and DQ9- 40. *Last CASx to go LOW.
DQ16 by CASH. 41. *All DQs controlled, regardless CASL and CASH. E
34. *Last fallmg CASx edge to first rising CASx edge. 42. Column address changed once while RAS = Vi and ¢
35. *Last rising CASx edge to next cycle’s last rising CASx’ CAS =V 5
edge.
m
g;:cwm ‘ 2_ 1 8 5 " Micran Technology, Inc., reserves the night to changs products or specifications without natice.
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MT4C16256/7/8/9
MICRON 256K x 16 DRAM

MICRON TECHNOLOGY INC S5 D EB b111549 DODY556 B84 -NRN
READ CYCLE '
T-46-23-17
e V:E - :csu .
é i icrp tReD ‘%E:‘: toLGH -
— = ow S
U | «'RAD = 'RAL l
m tash "RAH tase oA '
U aooR W '_m ROW m COLUMN W, T RO
| |._ ‘RCS ‘ACH
?; 5 T ‘ U
oo YioH = OPEN VALDDATA - OPEN
=\t 7, T
EARLY-WRITE CYCLE
:2;:5 f LGl
e VIE - losH
l terp RCD 4"%:: toLoH
TASR. ::z tasc ::::
ADDR ¥{t‘ m ROW m COLUMN , W : l ﬁ( ROW
wag || ey _we
v || wn ) os 'g-:n_.{
[ole] ‘\f:gf NOTE 1 W ﬁ VALID DATA W
DON'T CARE
B unoerineD

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at
RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ
inputs on MT4C16256 and MT4C16257 are “don’t care” at RAS time.
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MT4C16256/7/8/9
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 MICRON TECHNOLOGY INC 55E D BN L111549 0004557 714 EEMRN

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)  1-46-23-17

WG

RAS f /e
ws L / N
fesH .
tRsH E
| toap 'RCD lcas foen —
seeE WD f o -
tRAD 'RAL m
1asR 'RAH tasc tean
PR e | | ’ -
Sl /7 S L o I, /-m TR row o v |
RWD
tacs | ‘own trwL v >
|wag | weg AHD 2P
R i ' b// T =
. ™
‘g |
loac :
I.‘l_"s.- <—..I'M” torz—l [ ]JE’ ‘ILH'I

M -
oa v - NOTE 1 OPEN VALID D gy VALID Dy OPEN

toE | top, toeH |
& & LTI T /)i ; N7 7
FAST-PAGE-MODE READ CYCLE
tRASP }lnp
IR N ) J&
lcsH e iRsH
CRP RoD lcAS, tCLCH| tep lcas, WLk | tep loas, letoy lopn i
- , L A
'AR
!RAD , 'RaL
A | DRLY) 1ASC, TCAH, tAsC 'CAH tasc fean |
ADDR ¥:[' Im ROW WL COLUMN m& COLUMN }W COLUMN W /)( ROW
|~_&’ N |‘—“| I-—lnct:cu_» \-— ——' |--—|Ros ﬁ—r—mﬁu
e W T _ R/ ' XU
| an | tAA I A
Inac ! CPA tcpa
' loac | Jorg, ac | oFE oas | o] jetorr
loz->] |- oz |- oz —= |- .
o0 Vgt =— orex 7R % R o
-0 | |.ﬂ>. l‘@’ oe |<m.

® W LT /*///)fg///ﬂf

[/} boNT cARE

B unperFiNeD

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at
RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ
inputs on MT4C16256 and MT4C16257 are “don't care” at RAS time.
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MICRON TECHNOLOGY INC

FAST-PAGE-MODE EARLY-WRITE CYCLE
| - T-46-23.77
- W - teRp tosH pe thsH
| WAL 'RCD tcas, toLoH |[, ‘ep 1CAS. 'CLCH, %r Jcas, feieH lepn
S = (
6 RAD » - Ra
N e || oy
m e :@{ ROW I@( COLUMN WA comm cowmn 7/ M( ROW
U Wes :;vcv: l Wes ﬁv:;i | twes m. |
o Fﬂai | o | wp wp e
g R e NOTE1 m : : | W
s M’i | os IBF'. ps oH ‘tos _'n_n_l
g oo Vi worer KON wioos KX VALID DATA W vaooara YT
& W ZTT T, W) T
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
e osH tog /twe s W
< crp | tRCD. toas, toLoH top tcas, 'cLeH L ens toron | leen,
mﬂf%g:r F y — %—‘l
'&ED
, o 25R | -'“_"“.I
ApDR T ROW I@]
I e
weLweR i :@i NOTE 1
= g o]
= W I
DON'T CARE
B unperiNeD

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at
RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ
inputs on MT4C16256 and MT4C16257 are “don’t care” at RAS time.
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RAS ONLY REFRESH CYCLE 317
(ADDR = A0-A8, OF; WEL, WEH or WE = DONT CARE) | ~46-23~

'RG
RAs | rp

Yy
R JI

' fcrp R[] |

|

CASLCASH v, -
o i f \ /
oAs | iasR 'RAH |

/1, SR/

VoH —
Qvgt_ of

WVHA 3aiM

CTQ-BEFORE-@ REFRESH CYCLE
(AO-A8; and OE = DON'T CARE)

RP RAS ‘AP Iras
— VIH -
RAS v __/ N
Nl
topn |, _tesr ICHR ) WPC, tosr || fonn
CASH,CASL ¥|H - ;I‘ y J{
orCAS  YIL
pa = OPEN:
wap|| whn twep| | twag

w7 X

HIDDEN REFRESH CYCLE 2

(WEL, WEH or WE = HIGH; OE = LOW)

{READ) (REFRESH)
1RAS L e RAS |
e = —
crp RCD, iRgH GHR
m‘f——" Vin- 3 ——
& e/ . i
AR
RAD tRAL
tasR | tRA tasc || lead
ADDR ¥:f:m( ROw m COLUMN W
Y
| ':(:c
:z:; =l e—tore
oax 5{8[' — °PEN—® VALID DATA b— oPEN—
‘o o |
3 ol
= W =" J’ T
DONT CARE
&R unperiNeD
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