® Organization ... 262144 Words x 4 Bits
® Single 5-V Supply (10% Tolerance)

@ Processed to MIL-STD-833, Class B

® Pertormance Ranges:
ACCESS ACCESS ACCESS READ

TIME TIME
ta(R) ta(c)

(tRac) (tcac)

MAY)  (MAX)

SMJ44C256-80 80 ns 20ns
SMJ44C256-10 100 ns 25n8
SMJ44C2568-12 120 ns 30 ns
SMJ44C2568-15 150 ns 40 ns

TIME

ta(CA)
tcan)
MAX)
40ns
45ns
55 ns
70 ns

OR
WRITE
CYCLE

(MIN)
150 ns
180 ns
220 ns
260 ns

® Enhanced Page Mode Operation With
CAS-Before-RAS (CBR) Retresh

® Long Refresh Period
512-Cycle Refresh in 8 ms (Max)

@ Ali inputs and Clocks are TTL Compatible

SMJ44C256
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® 3-State Unlatched Output

® Low Power Dissipation

® Packaging Offered:
— 20-Pin 300-Mil Ceramic DIP (JD Suffix)

— 20-Lead Ceramic Surface-Mount Package

(HJ Suffix)

20-Pin Ceramic Flat Pack (HK Suffix)
20-Terminal Leadless Ceramic

Surface-Mount Package (FQ Suffix)

20-Terminal Low-Proflle Leadless

Ceramic Surface-Mount Package

H

L Suffix)

— 20-Pin Ceramlc ZIg Zag In-Line Package
(SV Suffix)

® Operating Free-Alr Temperature Range
—-55°Cto 125°C

JD PACKAGE HJ PACKAGE
(TOP VIEW) (TOP VIEW) PIN NOMENCLATURE
v — H A0-A8 Address Inputs
DQ1L]1e 26V CAS Column Address Strobe
pa1fly 200 vgg paz 2 2501 D%i DQ1-DQ4  Data in/Data Out
oa2f2 19 !} DQ4 wls 24 DQ3 ] Data Output Enable
Wila 18flpas mmss ahcas RAS Row Address Strobe
RAS [} 4 17| TAS TFOls 211G TF Test Function
TFE 5 16 %G vee 5-V Supply
Aollse 15 A8 Vss Ground
Atll7 14paz Aol s 18] 1 A8 W Write Enable
A2[ 8 13 A6 Al C 10 17 A7
A3[9 12HA5 A2[: 1 16)_| A6
Vecll 1o 11l as A3l]12  1sfIAs FQ/HL PACKAGES SV PACKAGE
Vec{13  14]]A4 (TOP VIEW) (TOP VIEW)
pat e ~ 260 ves shi > s
HK PACKAGE DQ\_:’E 2 25 % 884 pa3 Ps 2 024
(TOP ViEW msCle 20 jrAg Vss s o} pa
DQz2 {17 adw
DQ1 1 20 ——— Vgg TF(]s 221G RAS Do
DQe—» 19— DQ4 20 [ 1 10{] TF
W————1 18— DQ3 Aacs 18] A8 A2 B 13 120] A1
RAS————1 4 17— CAS A1 10 170 A7 vee b is 14 A3
TF— 5 s——m=G A2 16 ] A6 A5 [ 47 16] Ad
A ———]s 15— A8 A3z 15s[0As A7 fl19 18] A6
A Vec 13 150 A4 20(] A8
AMlc———7 1p———— A7 cc
A2————]as8 13 A6
A3———] 9 12 AS
Voc———— 10 Nnp———— A4
EPIC is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information is cuersnt es of publicstion dats. Copyright © 1995, Texas Instruments Incorporated
Pk sron 1 tgccaonsp o e o e et ‘{y
toeing of u paranetas. ) TEXAS
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description

The SMJ44C256 series is a set of high-speed, 1048576-bit dynamic random access memories (DRAMSs),
organized as 262 144 words of four bits each. These devices employ EPIC™ (Enhanced Performance

Implanted CMOS} technology for high performance, reliability, and low power.

These devices feature maximum RAS access times of 80 ns, 100 ns,120 ns, and 150 ns. Maximum power

dissipation is as low as 305 mW operating and 16.5 mW standby on 150-ns devices.

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling
requirements, and easing board layout. Icc peaks are 140 mA typical, and an input voitage undershoot of

—1 V can be tolerated, minimizing system noise considerations.

Allinputs and outputs, including clocks, are compatible with Series 54/174 TTL. All addresses and data-in lines

are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility.

The SMJ44C256 is offered in 20-pin ceramic dual-in-line packages (JD suffix) and 20/26-terminal ceramic
leadless carriers (FQ/HL suffixes), 20/26-pin leaded carrier (HJ suffix), a 20-pin flatpack (HK suffix), and a

20-pin ceramic zig-zag in-line package (SV suffix). They are specified for operation from —55°C t0125°C.

logic symbolt

RAM 256K x 4
a0 -8 20D9/2100 )
A1 —
a2 8
a2
Mo > Aﬁ"ﬁs
A5 = |
2 2
A7 ."__
as X | 2001712108
> C20[ROW]
G23/[REFRESH ROW)
RAS 4 24[PWR DWN)]
> C21/[COLUMN]
G24
CAS Jlo—b &
23C22
w iﬁ 23,210 24,25EN
[ JRAMIEN N grvr
par — 3 r
2D
RO AZ28 -
DOz 2 b
003 2 ¢p]
pas 1?4y

t This symbol is in accordance with ANSHIEEE Std 91-1984 and IEC Publication 617-12, Pin numbers shown are for the JO package.

EPIC Is a trademark of Texas Instruments Incorporated.
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functional block dlagram

T

[ Timing and Control

Row

wew
Buffers
®

nvv FYYYYY

x?rSK Row 256K
ay | Decode] Array <
NS
AD > Sense Amplifiers
A1 > - “71 Data
= <4 - 4
z ] Column <> - In aas
A >] Address :> > vo ¢ Ree
» uffers <> -«
AS > ® Column Decode pild B4ug(. ;. L |
A8 > il Selection >
- > <> . | Data 4
> <> > Out |pume
A8 > <> > reg [
<-> < ‘4
Sense Amplifiers 4
256K | Row | 256K Y
Array | Decode| Array DQ1-DQ4
operation

enhanced page mode

Page-mode operation allows faster memory access by keeping the same row address while selecting random
column addresses. The time for row-address setup and hold and address multiplex is sliminated. The maximum
number of columns that can be accessed is determined by the maximum RAS low time and the CAS page cycle
time used. With minimum TAS page cycle time, all 512 columns specified by column addresses AQ through A8
can be accessed without intervening RAS cycles.

Unlike conventional page mode DRAMs, the column-address buffers in this device are activated on the falling
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The column address
latches to the first CAS falling edgs. This feature allows the SMJ44C256 to operate at a wider data bandwidth
than conventional page mode parts, since data retrieval begins as soon as column address is valid rather than
when CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column
address can be presented imn'_le_di_ately after th(RA) (row address hold time) has been satisfied, usually well in
advance of the falling edge of CAS. In this case, data is obtained after ta(cy maximum (access time from CAS
low), if ta(ca) maximum (access time from column address) has been satisfied. In the event that column
addresses for the next page cycle are valid at the time CAS goes high, access time for the next cycle is
determined by the later occurrence of ty(c) or taicp) {access time from rising edge of CAS).

"!P TeExAS
INSTRUMENTS
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address (A0 through A8)

Eighteen address bits are required to decode 1 of 262 144 storage cell locations. Nine row-address bits are set
up on pins A0 through A8 and latched onto the chip by RAS. Nine column-address bits are set up on pins A0
through A8 and latched onto the chip by CAS. All addresses must be stable on or before the falling edges of
RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder.
In the SMJ44C256, CAS is used as a chip select, activating the output buffer as well as latching the address
bits into the column-address buffers.

write enable (W)

The read or write mode is selected through W. A logic high on the W input selects the read mode and a logic
low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without a
pullup resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS
(early-write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with
G grounded.

data In (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge
of CAS or W strobes data into the on-chip data latch. In an early-write cycle, W is brought low prior to CAS and
the data is strobed in by CAS with satup and hold times referenced to this signal. In a delayed-write or
read-modify-write cycle, CAS is already low, the data is strobed in by W with setup and hold times referenced
to this signal. In a delayed-write or read-modify-write cycle, G must be high to bring the output buffers to the
high-impedance state prior to applying data to the I/O lines.

data out (DQ1-DQ4)

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two
Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state
until CAS and G are brought low. In a read cycle the output becomes valid after the access time interval t(c)
that begins with the negative transition of CAS as long as ty(g) andtgca) are satisfied. The outputbecomes valid
after the access time has elapsed and remains valid while %’PTé and G are low. CAS or G going high returns it
to ahigh-impedance state. This is accomplished by bringing G high prior to applying data, thus satisfying t4(GHD)-

output enable (G)

G controls the impedance of the output buffers. When G is high, the buffers remain in the high-impedance state.
Bringing G low during a normal cycle activates the output buffers, putting them in the low-impedance state. It
is necessary for both G and CAS to be brought low for the output buffers, to go into the low-impedance state.
Once in the low-impedance state, they remain in the low-impedance state until either G or CAS Is brought high.

refresh

A refresh operation must be performed at least once every B ms to retain data. This can be achieved by strobing
each of the 5§12 rows (A0—A8). A normal read or write cycle refreshes all bits in each row that is selected. A
RAS-only operation can be used by holding CAS at the high (inactive) level, conserving power as the output
buffer remains in the high-impedance state. Externally generated addresses must be used for a RAS-only
refresh. Hidden refresh can be performed while maintaining valid data at the output pin. This is accomplished
by holding CAS at V,(_after a read operation and cycling RAS after a specified precharge period, similar to a
RAS-only refresh cycle.

CBR refresh

CBRirefresh is utilized by bringing CAS low earlier than RAS [see parameter ty/c( rL)R] @nd holding it low after
RAS falls [see parameter tqr cH)R. For successive CBR refresh cycles, C7\‘§ can remain low while cycling
RAS. The external address is ignored and the refresh address is generated internally. The external address is
also ignored during the hidden refresh option.

‘@‘ TEXAS
INSTRUMENTS
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power up

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization
(refresh) cycles is required after power-up to the full Vo level.

test function pin

During normal device operation the TF pin must either be disconnected or biased at a voltage less than or equal
to Vee.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supply volage range, VoG -« oo e OVto7V
Voltage range on any pin (see Note 1) ... ... i i e —-1Vto7V
Short-Circuit OUIPUL CUITENE . . ... i et e e 50 mA
Continuous total power dissipation ............. . i 1w
Operating free-air temperature range, Ta ...t —-55°C to 125°C
Storage temperature range, Tgrg ... .....oo i - 65°C to 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 extended periods may affect device reliability.

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

recommended operating conditions

MIN NOM MAX | UNIT
vee Supply voltage 45 5 55 \'
Vss Supply voltage ] \
VIH High-level input voltage 24 8.5 \
ViL Low-lavel input voltage (see Note 2) -1 0.8 Vv
Ta Operating free-air temperature -55 °C
TC Case temperature 125 °C

NOTE 2: The aigebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only.

"f’ TeExas
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electrical characteristics over recommended ranges of supply voltage and operating free-alr
temperature (unless otherwise noted)

'44C256-80 *44C258-10 '44C256-12 '44C258-18
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN MAX| MIN MAX MIN  MAX

High-level output

VoH voltage IOH =—-5mA 24 24 24 24 v
Low-level output
VOL  yoitage loL = 4.2mA 0.4 0.4 0.4 04| v
Input current Vece =5V, Vi=0Vto 65V,
I (leakage) All other pins = 0 V to Voo £10 +10 =10 10| pA
Output current Veg=55V, Vo=0toVge
o (leakage) CAS high 10 =10 =10 10| pA
Read- or
lcoy  write-cycle Vec =85V, 80 70 60 55| ma
current tc(!d\N) = minimum
After 1 memory cycle,
Iccz  Standby current | RAS and CAS high, 3 3 3 3| mA
ViH=24V
A frosh Ve =55V,
verags refres = minimum
| current Q%W) S '
CC3  (RAS only. or HAS cycling, 75 65 55 50| mA
' CAS high (RAS only),
CBR) ==
RAS low after CAS low (CBR)
Average page Ve =55V,  te(p) = minimum,
s cuprent RAS low, TAS cycling 50 45 35 0| mA

capacitance over recommended ranges of supply voltage and operating free-air temperature,
f =1 MHz (see Note 3)

HL/JD/FQ HJ HK sV
PARAMETER UNIT
MIN MAX| MIN MAX]| MIN MAX| MIN MAX
Ci(a) Input capacitance, address inputs [} 7 8 9 pF
Ci(rc) Input capacitance, strobe inputs 7 7 8 8 pF
Citw) Input capacitance, write-enable input 7 7 7 7 pF

Co Output capacitance 7 8 10 8 pF

NOTE 3: Capacitance Is samplad only at initial design and atter any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal
applied to the pin under test. All other pins are open.

“.’P Texas
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switching characteristics over recommended ranges of supply voltage and operating tree-alr
temperature (see Figure 1)

NOTE 4: tdig(CH) and tgig(G) are specified when the output is no longer driven

'44C256-80 *44C256-10 '44C256-12 '44C256-16
PARAMETER ALT. UNIT
SYMBOL | miN MAX| MIN MAX| MIN MAX| MIN MAX
ta(c)  Access time from CAS low tCcAC 20 25 30 4| ns
ta{CA)  Access time from column-address tAA 40 45 55 70 ns
ta(RL) Access time from RAS low tRAC 80 100 120 150 ns
ta(G) Access time from G low tGAC 20 25 30 40| ns
Access time from CAS high column
ta(CP) precharge tcra 40 so 80 I
Output disable time after CAS high
‘diS(CH) (ss: Note 4) 9 LOFF 20 25 30 35 ns
Output disable time after G high
tdis(G) (se: Note 4) ¢ IGOFF 20 25 30 3| ns
. The outputs are disabled by bringing either G or CAS high.

timing requirements over recommended ranges of supply voltage and operating free-alr
temperature (see Note 5)

PARAMETER ALT. '44C258-80 '44C258-10 '44C286-12 '44C268-18 UNIT
SYMBOL | mIN MAX | MIN MAX | MIN MAX | MIN MAX

te(rd) Cycle time, read (see Nots 8) tRC 150 190 220 260 ns

tew) Cycle time, write twe 150 190 220 260 ns
Cycle time,read-write/read-

toraw) m‘éd"y.w e tawe | 225 270 305 355 ns
Cycle time, page-mode read

k() or write (see Note 7) PC 50 55 65 80 ne
Cycle time, page-mode read-

CPM) o aitywrt Pag teRWC | 115 135 150 175 ne

tw(CH) Pulse duration, CAS high tcp 10 10 15 25 ns

wiCL) g‘g:eN‘;‘t‘:’g)""' CAS low iCAS 20 10000| 25 10000| 30 10000| 40 10000 ne
Puise duration, RAS high

tw(RH) (precharge) o tRp 60 80 90 100 ns
Pulse duration,

tw(AL) nonpage mode RAS low tRAS 80 10000 100 10000 120 10000 150 10000 ns
(see Note 9)
Pulse duration,

tw(RL)P page mode RAS low tRASP 80 100 000 100 100 000 120 100000 150 100 000 ns
(see Note 9)

tw(WL) Pulse duration, write low Wwp 15 15 20 25 ns
Setup time, column address

tsu(CA) befo:a CAS low tasc 5 5 5 5 ne

NOTES: 5. Timing measurements in this table are referenced to V| max and Vi min.

8
7.
8

9.

. All cycle times assume ty = 5 ns.

To assure t(p) min, tgy(CA) should be = ty(CH).
zy-write cycie, tq(CLwWL) 8nd tg,(WCH) Must be abserved. Depending on the user's transition times, this can require

In & read-modi

additional CAS low time [tw(CL)):

additional RAS low time [tw(RL)]-

In a read-modity-write cycle, tg(RLWL) and sy (WRH) Must be observed. Depending on the user’s transition times, this can require

"@ TEXAS
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timin

(continued) (see Note 5)

requirements over recommended ranges of supply voltage and operating temperature

ALT. '44C256-80 | '4aC256-10 | 'a4Cc286-12 | '44C256-15
PARAMETER UNIT
SYMBOL [ MIN MAX| MIN MAX| MIN MAX| MIN MAX
Setup time, row address
WURA)  pefore RAS low 1ASR ° ° 0 0 ns
Setup time, data before
lsu(D) W low (see Note 10) ‘DS 0 0 0 ° ne
tsu(rd) Setup time, W high before CAS low {RCS ] 0 0 0 ns
Setup time, W low before CAS low
lsufwCL) (see ‘;Jote 11) WwCs 0 0 0 0 ne
tgu(WCH) Setup time, W low before TAS high towL 20 25 30 40 ns
tsu(WRH) Setup time, W iow before RAS high tRWL 20 25 30 40 ng
Hold time, column address after CAS
MCA  low (see Note 10) {CAH 15 2 20 2 na
lh(FlA) :—;«:Jd time, row address after RAS N 15 15 15 15 ns
Hold time, column address after RAS
th(RLCA) iow (see Note 12) tAR 60 70 80 100 ns
Hold time, data after CAS low
th(D) (se8 Note 10) toH 15 20 25 30 ns
Hold time, data after RAS low
th(RLD) (see Note 12) tDHR 60 70 a5 10 ng
thwLGL) Hold time, G high after W low tGH 20 25 30 40 ns
Hold time, W high after CAS high
th(CHId) (568 Note 14) ¢ ¢ tRCH o Y 0 0 ns
Hoid time, W high after RAS high
'h(RHI)  (se0 Note 14) ¢ g tRAH 10 10 10 10 ne
Hold time, W low after CAS low
th{Clw) (ses Note 11) WCH 15 20 25 30 ns
Hold time, W low after RAS low
th(RLW) (see Note 12) tWCR 65 75 90 105 ns
td(RLCH) Delay time, RAS low to CAS high tcsH 80 100 120 150 ns
t4(CHRL) Delay time, CAS high to RAS low icrp 0 0 0 0 ns
t4(CLRH) Delay time, CAS low 10 RAS high 1RSH 20 25 30 40 ns
Delay time, CAS low to W jow
d(cLwL) (see Note 15) tcwD 60 70 80 90 ns
Delay time, RAS low to CAS low
WRLCL) see{‘m 0 13) tRCD 30 60 30 75 30 90 30 10| ns
Delay time, RAS low to column
YRLCA) o dr:ss (00 Note 13) tRAD 20 4| 20 ss| 20 es| 25 80| ns
NOTES: 5. Timing measurements in this table are referenced to Vi max and Vi4 min.
10. Referenced to the later of CAS or W in write operations.
11. Early-write operation only
12. The minimum value is measured when tg(RLCL) is set 1o t4(R( CL) Min as a reference.
13. Maximum value specified only fo assure access time.
14. Either th(RHrd) Of th(CHrd) Must be satisfied for a read cycle.
15. Read-modify-write operation only
‘b TEXAS
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating temperature
(continued) (see Note 5)

ALT. '44C256-80 '44C256-10 '44C256-12 '44C256-18
PARAMETER UNIT
SYMBOL | MIN MAX| MIN MAX| MIN MAX| MIN MAX
Delay time, column address to
td(CARH) myhigh tRAL 40 45 55 70 ns
Delay time, column address to
td(CACH) myhi ah CAL 40 45 55 70 ns
Delay time, RAS low to W low
WRLWL o o e Nots 4 5 tAWD 130 150 170 200 ns
Delay time, column address to W
WCAWL)  ou (’; a6 Note 15) 1AWD 80 95 105 120 ns
Delay time, G high before data at
WGHD)  pq g GDD 20 25 30 40 ns
4(GLRH)  Delay time, G low to RAS high 1GSR 20 25 30 40 ns
Delay time, RAS low to CAS high
WRLCHIA 00 Noto 16) g 1CHR 20 25 25 ) ns
Delay time, CAS low to RAS low
td(CLRLR (seeme 16) tCsR 10 10 10 18 ns
Delay time, RAS high to CAS iow
YRHCLR (see{qm 16) ¢ tRPC o 0 0 0 ns
tef Refrash time Interval ‘REF 8 8 8 8] ms
1 Transition time (see Note 17) tT ns
NOTES: 5. Timing measurements in this table are referenced to Vj_max and V(4 min.
15. Read-modify-write operation only
16. CBR refresh only
17. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns.
PARAMETER MEASUREMENT INFORMATION
1.1V 5V
R =218Q R1=828Q
Output Under Test Qutput Under Test
CL = B0 pF Ry =295 Q2
CL = 80 pF (See Note A)
I (See Note A)
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT

NOTE A: C| includes probe and fixture capacitance.

Figure 1. Load Circults for Timing Parameters
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PARAMETER MEASUREMENT INFORMATION

e te(rd) —»

[ e = i

HAS [ i* tw(RL) " I
l\' /1l (\

l : H——td(cmn)—vl | ) [

& tReey —» H-—,—J-— tacHAy ——»

[ YRLCH) —————¥
TAS

|
| |
]
— W [ twicy — | |
| =
B A 4 { |
; | |
tdmLCAf Hﬁ—-ﬂ— teu(CA) :
WRAYTH ¢ L gcachy ——» ||
— [ eyRA) e———t9cARH)

| ]
' '47— th(RLCA) —1—1—’1

|
. "\\. .v‘ ’V’V’V’V‘V" \/ \/ V.V’V"’V’
so-ns (X Row XYROK  colmn XXX Dot care XX

| l
[ [ 5 - thca) | —» 4= hRHrd)

Don’t Care

} feu(rd) ———{ | [ld—f—b— th(CHrd)
AVAVAVAVAVY I
w Don't Care ; | } f
M i M— tac) —» i :
——tach) —'} ———— tdis(CH) ———»}
|

>—

|
]
| Seo Note A
DQ1-DO4 ' HI-Z m valid
|

|
P — ,

i

|
j— ta(g) —¥ | IH—N— tdis(G)

ta(GLRH) —————»] ]

\VAVAVAVAVAVAVAVAVAVAYAVAVAVAVAY, l \/\/ \/\/\/
S TR T TTTTIITTYS
3 XXX pon care (LGN GOR, Domt Care XXX

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time.
Figure 2. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

& — tew) >
FAS { e tw(RL) ﬁ [
) || l
b M ta(cLAn ———%) M tw(ri) — ¥
| L‘—— WRLCL) —: ‘H—l td(cHRL) —»
e (RLCH) »
CAS L { e twey ——» |
L N 1/ N\
| | |
| } tau(Ca) —H—D: f e——— twicH) ———

|
tsuRA) ¥ [T ————+— taicacs) —————» |

Ao-hs ®< R >@< °°'“’I“", QLK Dot are XORXED)
|

| {
4@ELCca) 'l' > e ca I

——touovcy —————» |
| —L L tewRH) —————»
———— thag ————»
! ! | ‘?2— th(cLW) ——HI
= XX T T (RIS TXRRIXIIX
v fo!ofom&s | LARGRRXXRNX Dont Care OXRLNKRXX)
|
! e tww) ————™
——— th(RD) +—N
}1——— tau(D) f&— th(D) —v‘l
war-ooe XN e

¢ ’0’020202020!0!0'0!0!0’0!02020!0!0!02ofofofofo’ofofm&!é BRI

AVA A A AN A A AVAVAVAVAVAN A A

Figure 3. Early-Write-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

= te(w) >
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Figure 4. Write-Cycle Timing
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NOTE A: Qutput can go from the high-impedance state to an invalid-data state prior to the specified access time.
Figure 5. Read-Write-/Read-Modify-Write-Cycle Timing
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NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time.
B. A write-cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated.
C. Access time is ta(CP)- Or ta(CA)-dependent.

Figure 6. Enhanced-Page-Mode Read-Cycle Timing
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Figure 7. Enhanced-Page-Mode Write-Cycle Timing (see Note A)
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NQOTES: A. Output can go from the high-impedance state 1o an invalid-data state prior to the specified access time.

B. Aread or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not
violated.

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing (see Note B)
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Figure 9. RAS-Only Refresh Timing
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Figure 10. Hidden-Refresh-Cycle (Enhanced Page Mode) Timing
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Figure 11. Automatic CBR Refresh-Cycle Timing
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