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FEATURES

OPTIONS M ARKING

• Operat ing Temperature Range
Commercial  (0°C to +70°C) None
Extended (-40°C to +85°C) IT

NOTE: 1. The “ #”  symbol indicates signal is act ive LOW.

Part Number Example:

M EM 4X16E43VTW-5

PIN ASSIGNM ENT (Top View )

VCC

DQ0
DQ1
DQ2
DQ3
VCC

DQ4
DQ5
DQ6
DQ7

NC
VCC

WE#
RAS#

NC
NC
NC
NC
A0
A1
A2
A3
A4
A5

VCC

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

VSS

DQ15
DQ14
DQ13
DQ12
VSS

DQ11
DQ10
DQ9
DQ8
NC
VSS

CASL#
CASH#
OE#
NC
NC
NC/A12†

A11
A10
A9
A8
A7
A6
VSS

KEY TIM ING PARAM ETERS

SPEED tRC tRAC tPC tAA tCAC tCAS

-5 84ns 50ns 20ns 25ns 13ns 8ns

-6 104ns 60ns 25ns 30ns 15ns 10ns

50-Pin TSOP

4 M EG x 16 EDO DRAM  PART NUM BERS

REFRESH

PART NUM BER               ADDRESSING             PACKAGE

4X16E43VTW-x                              4                        400-TSOP

4X16E83VTW-x                                      8                              400-TSOP

x = speed

4X16E43V                   4X16E83V

Conf igurat ion 4 Meg x 16 4 Meg x 16

Refresh 4K 8K

Row Address 4K (A0-A11) 8K (A0-A12)

Column Addressing 1K (A0-A9) 512 (A0-A8)

†A12 for " 8K"  version, NC for " 4K"  version.

4 M EG x 16
EDO DRAM

EDO DRAM 4X16E43V

•  Single +3.3V ±0.3V power supply
•  Industry-standard x16 pinout, t iming, funct ions,
   and package
•  12 row, 10 column addresses (4)
   13 row, 9 column addresses (8)
•  High-performance CMOS si l icon-gate process
•  Al l  inputs, outputs and clocks are LVTTL-compatible
•  Extended Data-Out (EDO) PAGE MODE access
•  4,096-cycle CAS#-BEFORE-RAS# (CBR) REFRESH
   distributed across 64ms
•  Self refresh for low-power data retent ion

•  Plast ic Package
 50-pin TSOP (400 mil)	 	 	 TW

•  Timing
 50ns access 	 	 	 	 -5
 60ns access 	 	 	 	 -6

•  Refresh Rates
 4K 	 	 	 	 	 4
 8K	 	 	 	 	 8
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4X16E43V (12 row addresses)
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4X16E83V (13 row addresses)

4 M EG x 16
EDO DRAM
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Figure 1

WORD and BYTE WRITE Example
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(DQ8-DQ15)
OF WORD

LOWER BYTE
(DQ0-DQ7)
OF WORD

GENERAL DESCRIPTION
The 4 M eg x 16 DRAM  is a h igh-speed CM OS,

dynamic random-access memory device contain ing
67,108,864 bi ts and designed to operate from 3V to
3.6V. The device is funct ional ly organized as 4,194,304
locat ions con tain ing 16 bi ts each . The 4,194,304
memory locat ions are arranged in  4,096 rows by 1,024
columns on the M EM 4X16E43VTW. During READ or 
WRITE cycles, each locat ion is un iquely addressed 
via the address bi ts: 12 row-address bi ts (A0-A11) 
and 10 column-address bi ts (A0-A9) on the 
M EM 4X16E43VTW version. In  addit ion, the byte and 
word accesses are supported via the two CAS# pins 
(CASL# and CASH#).

The CAS# funct ional i ty and t im ing related to ad-
dress and control  funct ions (e.g., latch ing column
addresses or select ing CBR REFRESH) is such that  the
in ternal  CAS# signal is determined by the fi rst  external
CAS# signal (CASL# or CASH#) to t ransi t ion LOW and

the last  to t ransi t ion back HIGH. The CAS# funct ional-
i ty and t im ing related to driving or latch ing data is such
that  each CAS# signal independent ly controls the asso-
ciated eight  DQ pins.

The row address is latched by the RAS# signal, then
the column address is latched by CAS#. Th is device
provides EDO-PAGE-MODE operat ion, al lowing for fast
successive data operat ions (READ, WRITE or READ-
M ODIFY-WRITE) with in  a given row.

The 4 M eg x 16 DRAM  must be refreshed periodi-
cal ly in  order to retain  stored data.

DRAM  ACCESS
Each locat ion in  the DRAM  is un iquely addressable,

as ment ioned in  the General  Descript ion. Use of both
CAS# signals resul ts in  a word access via the 16 I/O pins
(DQ0-DQ15). Using on ly one of the two signals resul ts
in  a BYTE access cycle. CASL# transi t ion ing LOW se-
lects an access cycle for the lower byte (DQ0-DQ7), and
CASH# transi t ion ing LOW selects an access cycle for

4 M EG x 16
EDO DRAM
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the upper byte (DQ8-DQ15). General  byte and word
access t im ing is shown in  Figures 1 and 2.

A logic HIGH on WE# dictates read mode, whi le a
logic LOW on WE# dictates wri te mode. During a
WRITE cycle, data-in  (D) is latched by the fal l ing edge
of WE or CAS# (CASL# or CASH#), whichever occurs
last . An EARLY WRITE occurs when WE is taken LOW
prior to ei ther CAS# fal l ing. A LATE WRITE or READ-
MODIFY-WRITE occurs when WE falls after CAS# (CASL#
or CASH#) is taken LOW. During EARLY WRITE cycles,
the data outputs (Q) wi l l  remain High-Z, regardless of
the state of OE#. During LATE WRITE or READ-MODIFY-
WRITE cycles, OE# must be taken HIGH to disable the
data outputs prior to applying input  data. If a LATE
WRITE or READ-M ODIFY-WRITE is at tempted whi le
keeping OE# LOW, no wri te wi l l  occur, and the data
outputs wi l l  drive read data from the accessed locat ion.

Addit ional ly, both bytes must always be of the same
mode of operat ion i f both bytes are act ive. A CAS#
precharge must be sat isfied prior to changing modes of
operat ion between the upper and lower bytes. For
example, an EARLY WRITE on one byte and a LATE

Figure 2

WORD and BYTE READ Example
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WRITE on the other byte are not  al lowed during the
same cycle. However, an EARLY WRITE on one byte and
a LATE WRITE on the other byte, after a CAS# precharge
has been sat isfied, are permissible.

EDO PAGE M ODE
DRAM  READ cycles have t radi t ional ly turned the

output  buffers off (High-Z) with  the rising edge of
CAS#. If CAS# went HIGH and OE# was LOW (act ive),
the output  buffers would be disabled. The 64M b EDO
DRAM  offers an accelerated page mode cycle by el im i-
nat ing output  disable from CAS# HIGH. Th is opt ion is
cal led EDO, and i t  al lows CAS# precharge t ime (tCP) to
occur without the output  data going inval id (see READ
and EDO-PAGE-M ODE READ waveforms).

EDO operates l ike any DRAM  READ or FAST-PAGE-
M ODE READ, except data is held val id after CAS# goes
HIGH, as long as RAS# and OE# are held LOW and WE#
is held HIGH. OE# can be brought LOW or HIGH whi le
CAS# and RAS# are LOW, and the DQs wi l l  t ransi t ion
between val id data and High-Z. Using OE#, there are

DRAM  ACCESS (cont inued)

4 M EG x 16
EDO DRAM
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Figure 3

OE# Control of  DQs
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tOE
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The DQs go back to 

Low-Z if  tOES is met .

The DQs remain High-Z

unt il the next  CAS# cycle

if  tOEHC is met .

The DQs remain High-Z

unt il the next  CAS# cycle

if  tOEP is met .

Figure 4

WE# Control of  DQs
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V
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DON?T CARE

UNDEFINED

V
V
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WE#

V
V
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tWPZ

The DQs go to High-Z if  WE# falls and, if  tWPZ is met , 

will remain High-Z unt il CAS# goes LOW with 

WE# HIGH (i.e., unt il a READ cycle is init iated).

V
V
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IL

OE#

VALID DATA (B)

t
WHZ

WE# may be used to disable the DQs to prepare

for input  data in an EARLY WRITE cycle. The DQs

will remain High-Z unt il CAS# goes LOW with 

WE# HIGH (i.e., unt il a READ cycle is init iated).

t
WHZ

COLUMN (D)

VALID DATA (A)

COLUMN (B) COLUMN (C)

INPUT DATA (C)

4 M EG x 16
EDO DRAM
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two methods to disable the outputs and keep them
disabled during the CAS# HIGH t ime. The fi rst  method
is to have OE# HIGH when CAS# transi t ions HIGH and
keep OE# HIGH for tOEHC thereafter. Th is wi l l  disable
the DQs, and they wi l l  remain disabled (regardless of
the state of OE# after that  poin t) unt i l  CAS# fal ls again .
The second method is to have OE# LOW when CAS#
transi t ions HIGH and then bring OE# HIGH for a
min imum of tOEP anyt ime during the CAS# HIGH
period. Th is wi l l  disable the DQs, and they wi l l  remain
disabled (regardless of the state of OE# after that  poin t)
unt i l  CAS# fal ls again  (see Figure 3). During other
cycles, the outputs are disabled at  tOFF t ime after RAS#
and CAS# are HIGH or at  tWHZ after WE# transi t ions
LOW. The tOFF t ime is referenced from the rising edge
of RAS# or CAS#, whichever occurs last . WE# can also
perform the funct ion of disabl ing the output  drivers
under certain  condit ions, as shown in  Figure 4.

EDO-PAGE-M ODE operat ions are always in i t iated
with  a row address strobed in by the RAS# signal ,
fol lowed by a column address strobed in by CAS#, just
l ike for single locat ion accesses. However, subsequent
column locat ions with in  the row may then be accessed
at the page mode cycle t ime. Th is is accompl ished by
cycl ing CAS# whi le holding RAS# LOW and entering
new column addresses with  each CAS# cycle. Return ing
RAS# H I GH  t erm i n at es t h e ED O-PAGE-M OD E
operat ion.

DRAM  REFRESH
The supply vol tage must be maintained at  the speci-

fied levels, and the refresh requirements must be met in
order to retain  stored data in  the DRAM . The refresh
requirements are met by refresh ing al l  rows in  the
4 M eg x 16 DRAM  array at  least  once every 64ms (8,192

rows for 8 or 4,096 rows for 8). The recommended
procedure is to execute 4,096 CBR REFRESH cycles,
ei ther un i formly spaced or grouped in  bursts, every
64ms. The M EM 4X16E43VTW refreshes one row for every 
CBR cycle. For ei ther device, execut ing 4,096 CBR 
cycles wi l l  refresh the ent i re device. The CBR REFRESH 
wi l l  invoke the in ternal  refresh counter for automat ic 
RAS# addressing. Al ternat ively, RAS#-ONLY REFRESH
capabi l i ty is inherent ly provided. However, wi th  th is 
method, on ly one row is refreshed on each cycle.  JEDEC 
strongly recommends the use of CBR REFRESH for th is 
device.

The sel f refresh mode is also avai lable.
The sel f refresh feature is in i t iated by
performing a CBR Refresh cycle and holding RAS# low
for the speci fied tRASS. The sel f refresh mode al lows
the user the choice of a ful ly stat ic, low-power data
retent ion mode or a dynamic refresh mode at  the extended
refresh period of 128ms, or 31.25µs per cycle, when
using a dist ributed CBR refresh. Th is refresh rate can be
appl ied during normal operat ion, as wel l  as during a
standby or bat tery backup mode.
The sel f refresh mode is terminated by driving RAS#
HIGH for a m in imum t ime of t  RPS. Th is delay al lows for
the complet ion of any in ternal  refresh cycles that  may
be in  process at  the t ime of the RAS# LOW-to-HIGH
transi t ion. If the DRAM  control ler uses a dist ributed
CBR refresh sequence, a burst  refresh is not  required
upon exi t ing sel f refresh, however, i f the control ler is
using RAS# on ly or burst  CBR refresh then a burst
refresh using t  RC (M IN) is required.

EDO PAGE M ODE (cont inued)

4 M EG x 16
EDO DRAM
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ABSOLUTE M AXIM UM  RATINGS*
Voltage on VCC Relat ive to VSS................ -1V to +4.6V
Voltage on NC, Inputs or I/O Pins

Relat ive to VSS ....................................... -1V to +4.6V
Operat ing Temperature, TA (ambient)

Commercial ......................................... 0°C to +70°C
Extended (IT) ................................. -40°C to +85°C**

Storage Temperature (plast ic) ............ -55°C to +150°C
Power Dissipat ion ................................................... 1W

*Stresses greater than those l isted under “ Absolute
Maximum Rat ings”  may cause permanent damage to
the device. Th is is a stress rat ing on ly, and funct ional
operat ion of the device at  these or any other condit ions
above those indicated in  the operat ional  sect ions of
th is speci ficat ion is not  impl ied. Exposure to absolute
maximum rat ing condit ions for extended periods may
affect  rel iabi l i ty.

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS
(Note: 1) (VCC = +3.3V ±0.3V)

PARAM ETER/CONDITION SYM BOL M IN M AX UNITS NOTES

SUPPLY VOLTAGE VCC 3 3.6 V

INPUT HIGH VOLTAGE:
Valid Logic 1; All inputs, I/Os and any NC VIH 2 VCC + 0.3 V  35

INPUT LOW VOLTAGE:
Valid Logic 0; All inputs, I/Os and any NC VIL -0.3 0.8 V 35

INPUT LEAKAGE CURRENT:
Any input  at  VIN (0V  VIN  VCC + 0.3V); II -2 2 µA 36
All other pins not  under test  = 0V

OUTPUT HIGH VOLTAGE:
IOUT = -2mA VOH 2.4 – V

OUTPUT LOW VOLTAGE:
IOUT = 2mA VOL – 0.4 V

OUTPUT LEAKAGE CURRENT:
Any output  at  VOUT (0V  VOUT  VCC + 0.3V); IOZ -5 5 µA
DQ is disabled and in High-Z state

4 M EG x 16
EDO DRAM

<_

<_<_

<_
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Icc OPERATING CONDITIONS AND M AXIM UM  LIM ITS
(Notes: 1, 2, 3, 5, 6) (VCC = +3.3V ±0.3V)

PARAM ETER/CONDITION  SYM BOL SPEED 4K 8K UNITS NOTES

STANDBY CURRENT: TTL ICC1 ALL 1 1 mA
(RAS# = CAS# = VIH)

STANDBY CURRENT: CMOS
(RAS# = CAS# ³  VCC - 0.2V; DQs may be lef t  open; ICC2 ALL 500 500 µA
Other inputs: VIN ³  VCC - 0.2V or VIN £ 0.2V)

OPERATING CURRENT: Random READ/WRITE ICC3 -5 150 115 mA 26
Average power supply current -6 165 130
(RAS#, CAS#, address cycling: tRC = tRC [MIN])

OPERATING CURRENT: EDO PAGE MODE ICC4 -5 120 120 mA 26
Average power supply current -6 125 125
(RAS# = VIL, CAS#, address cycling: tPC = tPC [MIN])

REFRESH CURRENT: RAS#-ONLY ICC5 -5 150 115 mA 22
Average power supply current -6 165 130
(RAS# cycling, CAS# = VIH: tRC = tRC [MIN])

REFRESH CURRENT: CBR ICC6 -5 150 150 mA 4, 7,
Average power supply current -6 165 165 23
(RAS#, CAS#, address cycling: tRC = tRC [MIN])

REFRESH CURRENT: Extended CC7 ALL 400 400 µA 4, 7,
Average power supply current : CAS# = 0.2V or CBR cycling; 23, 37
RAS# = tRAS (MIN); WE# = VCC - 0.2V; A0-A10, OE# and
DIN = VCC - 0.2V or 0.2V (DIN may be lef t  open); tRC = 125µs

REFRESH CURRENT: Self  CC8 ALL 350 350 µA 4, 7,
Average power supply current : CBR with RAS# ³  tRASS (MIN) 37
and CAS# held LOW; WE# = VCC - 0.2V; A0-A10, OE# and
DIN = VCC - 0.2V or 0.2V (DIN may be lef t  open)

M AX

4 M EG x 16
EDO DRAM
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AC ELECTRICAL CHARACTERISTICS
(Notes: 5, 6, 7, 8, 9, 10, 11, 12) (VCC = +3.3V ±0.3V)

AC CHARACTERISTICS -5 -6

PARAM ETER SYM BOL M IN M AX M IN M AX UNITS NOTES

Access t ime f rom column address tAA 25 30 ns

Column-address setup to CAS# precharge tACH 12 15 ns

Column-address hold t ime (referenced to RAS#) tAR 38 45 ns

Column-address setup t ime tASC 0 0 ns 28

Row-address setup t ime tASR 0 0 ns 28

Column address to WE# delay t ime tAWD 42 49 ns 18

Access t ime f rom CAS# tCAC 13 15 ns 29

Column-address hold t ime tCAH 8 10 ns 28

CAS# pulse width tCAS 8 10,000 10 10,000 ns 30, 32

CAS# LOW to “ Don?t  Care”  during Self  Ref resh tCHD 15 15 ns

CAS# hold t ime (CBR Refresh) tCHR 8 10 ns 4, 31

Last  CAS# going LOW to f irst  CAS# to return HIGH tCLCH 5 5 ns 31

CAS# to output  in Low-Z tCLZ 0 0 ns 29

Data output  hold af ter CAS# LOW tCOH 3 3 ns

CAS# precharge t ime tCP 8 10 ns 13, 33

Access t ime f rom CAS# precharge tCPA 28 35 ns 29

CAS# to RAS# precharge t ime tCRP 5 5 ns 31

CAS# hold t ime tCSH 38 45 ns 31

CAS# setup t ime (CBR Refresh) tCSR 5 5 ns 4, 28

CAS# to WE# delay t ime tCWD 28 35 ns 18, 28

WRITE command to CAS# lead t ime tCWL 8 10 ns 31

Data-in hold t ime tDH 8 10 ns 19, 29

Data-in setup t ime tDS 0 0 ns 19, 29

Output  disable tOD 0 12 0 15 ns 24, 25

Output  enable t ime tOE 12 15 ns 20

OE# hold t ime f rom WE# during tOEH 8 10 ns 25

READ-MODIFY-WRITE cycle

OE# HIGH hold t ime f rom CAS# HIGH tOEHC 5 10 ns

OE# HIGH pulse width tOEP 5 5 ns

OE# LOW to CAS# HIGH setup t ime tOES 4 5 ns

Output  buf fer turn-of f  delay tOFF 0 12 0 15 ns 17, 24, 29

OE# setup prior to RAS# during HIDDEN REFRESH cycle tORD 0 0 ns

CAPACITANCE
(Note: 2)

PARAM ETER SYM BOL M AX UNITS

Input  Capacitance: Address pins CI1 5 pF

Input  Capacitance: RAS#, CAS#, WE#, OE# CI2 7 pF

Input /Output  Capacitance: DQ CIO 7 pF

4 M EG x 16
EDO DRAM
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AC ELECTRICAL CHARACTERISTICS
(Notes: 5, 6, 7, 8, 9, 10, 11, 12) (VCC = +3.3V ±0.3V)

AC CHARACTERISTICS -5 -6

PARAM ETER SYM BOL M IN M AX M IN M AX UNITS NOTES

EDO-PAGE-MODE READ or WRITE cycle t ime tPC 20 25 ns 34

EDO-PAGE-MODE READ-WRITE cycle t ime tPRWC 47 56 ns 34

Access t ime f rom RAS# tRAC 50 60 ns

RAS# to column-address delay t ime tRAD 9 12 ns 15

Row address hold t ime tRAH 7 10 ns

RAS# pulse width tRAS 50 10,000 60 10,000 ns

RAS# pulse width (EDO PAGE MODE) tRASP 50 125,000 60 125,000 ns

RAS# pulse width during Self  Ref resh tRASS 100 100 µs

Random READ or WRITE cycle t ime tRC 84 104 ns

RAS# to CAS# delay t ime tRCD 11 14 ns 14, 28

READ command hold t ime (referenced to CAS#) tRCH 0 0 ns 16, 30

READ command setup t ime tRCS 0 0 ns 28

Refresh period tREF 64 64 ms 22, 23

Refresh period (Self  Ref resh) tREF 128 128 ms 23

RAS# precharge t ime tRP 30 40 ns

RAS# to CAS# precharge t ime tRPC 5 5 ns

RAS# precharge t ime exit ing Self  Ref resh tRPS 90 105 ns

READ command hold t ime (referenced to RAS#) tRRH 0 0 ns 16

RAS# hold t ime tRSH 13 15 ns 35

READ-WRITE cycle t ime tRWC 116 140 ns

RAS# to WE# delay t ime tRWD 67 79 ns 18

WRITE command to RAS# lead t ime tRWL 13 15 ns

Transit ion t ime (rise or fall) tT 2 50 2 50 ns

WRITE command hold t ime tWCH 8 10 ns 35

WRITE command hold t ime (referenced to RAS#) tWCR 38 45 ns

WE# command setup t ime tWCS 0 0 ns 18, 28

WE# to outputs in High-Z tWHZ 12 15 ns

WRITE command pulse width tWP 5 5 ns

WE# pulse widths to disable outputs tWPZ 10 10 ns

WE# hold t ime (CBR Refresh) tWRH 8 10 ns

WE# setup t ime (CBR Refresh) tWRP 8 10 ns

4 M EG x 16
EDO DRAM
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EDO DRAM

NOTES
1. Al l  vol tages referenced to VSS.
2. Th is parameter is sampled. VCC = +3.3V; f = 1

M Hz; TA = 25°C.
3. ICC is dependent on output  loading and cycle

rates. Speci fied values are obtained with  m in i-
mum cycle t ime and the outputs open.

4. Enables on-ch ip refresh and address counters.
5. The min imum speci ficat ions are used on ly to

indicate cycle t ime at  which proper operat ion
over the ful l  temperature range is ensured.

6. An in i t ial  pause of 100µs is required after power-
up, fol lowed by eight  RAS# refresh cycles (RAS#-
ONLY or CBR with  WE# HIGH), before proper
device operat ion is ensured. The eight  RAS# cycle
wake-ups should be repeated any t ime the tREF
refresh requirement is exceeded.

7. AC characterist ics assume tT = 2.5ns.
8. VIH (M IN) and V IL (M AX) are reference levels for

measuring t im ing of input  signals. Transi t ion
t imes are measured between VIH and V IL (or
between VIL and V IH).

9. In  addit ion to meet ing the t ransi t ion rate
speci ficat ion, al l  input  signals must t ransi t
between VIH and V IL (or between VIL and V IH) in  a
monoton ic manner.

10. If CAS# and RAS# = VIH, data output  is High-Z.
11. If CAS# = V IL, data output  may contain  data from

the last  val id READ cycle.
12. M easured with  a load equivalent  to two TTL

gates and 100pF; and VOL = 0.8V and VOH = 2V.
13. If CAS# is LOW at the fal l ing edge of RAS#,

output  data wi l l  be maintained from the previous
cycle. To in i t iate a new cycle and clear the data-
out  buffer, CAS# must be pulsed HIGH for tCP.

14. The tRCD (M AX) l im it  is no longer speci fied.
tRCD (M AX) was speci fied as a reference poin t
on ly. If tRCD was greater than the speci fied tRCD
(M AX) l im it , then access t ime was control led
exclusively by tCAC (tRAC [M IN] no longer
appl ied). With  or without the tRCD l im it , tAA
and tCAC must always be met.

15. The tRAD (M AX) l im it  is no longer speci fied.
tRAD (M AX) was speci fied as a reference poin t
on ly. If tRAD was greater than the speci fied tRAD
(M AX) l im it , then access t ime was control led
exclusively by tAA (tRAC and tCAC no longer
appl ied). With  or without the tRAD (M AX) l im it ,
tAA, tRAC, and tCAC must always be met.

16. Ei ther tRCH or tRRH must be sat isfied for a READ
cycle.

17. tOFF (M AX) defines the t ime at  which the output
ach ieves the open circui t  condit ion and is not
referenced to VOH or VOL.

18. tWCS, tRWD, tAWD, and tCWD  are not  restrict ive
operat ing parameters. tWCS appl ies to EARLY
WRITE cycles. I f  tWCS > tWCS (M IN), the cycle is
an  EARLY WRITE cycle and the data output  wil l
remain  an  open  circui t  throughout  the ent i re
cycle. tRWD, tAWD, and tCWD  define READ-
M ODIFY-WRITE cycles. M eet ing these l im i ts
al lows for reading and disabl ing output  data and
then  applying input  data. OE# held HIGH  and
WE# taken  LOW  after CAS# goes LOW  resul ts in  a
LATE WRITE (OE#-control led) cycle. tWCS, tRWD,
tCWD, and tAWD are not  appl icable in  a LATE
WRITE cycle.

19. These parameters are referenced to CAS# leading
edge in  EARLY WRITE cycles and WE# leading
edge in  LATE WRITE or READ-M ODIFY-WRITE
cycles.

20. If OE# is t ied permanent ly LOW, LATE WRITE, or
READ-M ODIFY-WRITE operat ions are not
possible.

21. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In  th is case, WE# is LOW and
OE# is HIGH.

22. RAS#-ONLY REFRESH requires that  al l  8,192 rows
of the ARC8V4M 16E or al l  4,096 rows of the
4X16E43V be refreshed at  least  once every
64ms.

23. CBR REFRESH for ei ther device requires that  at
least  4,096 cycles be completed every 64ms.

24. The DQs go High-Z during READ cycles once tOD
or tOFF occur. If CAS# stays LOW whi le OE# is
brought HIGH, the DQs wi l l  go High-Z. If OE# is
brought back LOW (CAS# st i l l  LOW), the DQs
wil l  provide the previously read data.

25. LATE WRITE and READ-M ODIFY-WRITE cycles
must have both tOD and tOEH met (OE# HIGH
during WRITE cycle) in  order to ensure that  the
output  buffers wi l l  be open during the WRITE
cycle. If OE# is taken back LOW whi le CAS#
remains LOW, the DQs wi l l  remain open.

26. Column address changed once each cycle.
27. The fi rst  CASx# edge to t ransi t ion LOW.

4 M EG x 16
EDO DRAM
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NOTES (cont inued)
28. Output  parameter (DQx) is referenced to

corresponding CAS# input; DQ0-DQ7 by CASL#
and DQ8-DQ15 by CASH#.

29. Each CASx# must meet m in imum pulse width .
30. The last  CASx# edge to t ransi t ion HIGH.
31. Last  fal l ing CASx# edge to fi rst  rising CASx#

edge.
32. Last  rising CASx# edge to fi rst  fal l ing CASx#

edge.
33. Last  rising CASx# edge to next  cycle?s last  rising

CASx# edge.
34. Last  CASx# to go LOW.

35. V IH overshoot: V IH (MAX) = VCC + 2V for a pulse
width £ 3ns, and the pulse width  cannot be
greater than one th ird of the cycle rate. V IL

undershoot: V IL (M IN) = -2V for a pulse width  £
3ns, and the pulse width  cannot be greater than
one th ird of the cycle rate.

36. NC pins are assumed to be left  f loat ing and are
not tested for leakage.

37. Self refresh and extended refresh for ei ther device
requires that  at  least  4,096 cycles be completed
every 128ms.

4 M EG x 16
EDO DRAM
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TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCLZ 0 0 ns
tCRP 5 5 ns
tCSH 38 45 ns
tOD 0 12 0 15 ns

READ CYCLE

NOTE: 1. tOFF is referenced f rom rising edge of  RAS# or CAS#, whichever occurs last .

tRRH

tCLZ

tCAC

tRAC

tAA

VALID DATA OPEN

tOFF

tRCH

ROW

tRCS

tASCtRAH

tRAD

tAR

tCAH

tRCD tCAS

tRSH

tCSH

tRP

tRC

tRAS

tCRP

tASR

ROW

OPEN

RAS#
V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

DQ
V
V

OH
OL

V
V

IH
IL

tODtOE

OE#
V
V

IH
IL

COLUMN

CAS#

WE#

NOTE 1

tACH

DON?T CARE

UNDEFINED

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tOE 12 15 ns
tOFF 0 12 0 15 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRAS 50 10,000 60 10,000 ns
tRC 84 104 ns
tRCD 11 14 ns
tRCH 0 0 ns
tRCS 0 0 ns
tRP 30 40 ns
tRRH 0 0 ns
tRSH 13 15 ns

4 M EG x 16
EDO DRAM
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EARLY WRITE CYCLE

DON?T CARE

UNDEFINED

V
V

IH
IL

VALID DATA

ROWCOLUMNROW

tDS

tWP

tWCHtWCS

tWCR

tRWL

tCWL

tCAHtASCtRAHtASR

tRAD

tAR

tCAS

tRSH

tCSH

tRCDtCRP

tRAS

tRC

tRP

V
V

IH
IL

ADDR
V
V

IH
IL

V
V

IH
IL

DQ
V
V

IOH
IOL

V
V

IH
IL

RAS#

OE#

tDH

WE#

CAS#

tACH

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tRAD 9 12 ns
tRAH 7 10 ns
tRAS 50 10,000 60 10,000 ns
tRC 84 104 ns
tRCD 11 14 ns
tRP 30 40 ns
tRSH 13 15 ns
tRWL 13 15 ns
tWCH 8 10 ns
tWCR 38 45 ns
tWCS 0 0 ns
tWP 5 5 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCRP 5 5 ns
tCSH 38 45 ns
tCWL 8 10 ns
tDH 8 10 ns
tDS 0 0 ns

EDO DRAM

4 M EG x 16
EDO DRAM
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READ-WRITE CYCLE

(LATE WRITE and READ-MODIFY-WRITE cycles)

VALID D
OUT

VALID D
IN

ROW COLUMN ROW

V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

V
V

IH
IL

DQ
V
V

IOH
IOL

V
V

IH
IL

RAS#

OPENOPEN

tOE tOD

tCAC

tRAC

tAA

tCLZ

tDS tDH

tAWD tWP

tRWL

tCWL

tCWD

tRWD

tRCS

tASC tCAH

tAR

tASR

tRAD

tCRP tRCD tCAS

tRSH

tCSH

tRAS

tRWC

tRP

tRAH

OE#

tOEH

WE#

tACH

CAS#

DON?T CARE

UNDEFINED

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tDS 0 0 ns
tOD 0 12 0 15 ns
tOE 12 15 ns
tOEH 8 10 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRAS 50 10,000 60 10,000 ns
tRCD 11 14 ns
tRCS 0 0 ns
tRP 30 40 ns
tRSH 13 15 ns
tRWC 116 140 ns
tRWD 67 79 ns
tRWL 13 15 ns
tWP 5 5 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tAWD 42 49 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCLZ 0 0 ns
tCRP 5 5 ns
tCSH 38 45 ns
tCWD 28 35 ns
tCWL 8 10 ns
tDH 8 10 ns

4 M EG x 16
EDO DRAM
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TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCLZ 0 0 ns
tCOH 3 3 ns
tCP 8 10 ns
tCPA 28 35 ns
tCRP 5 5 ns
tCSH 38 45 ns
tOD 0 12 0 15 ns

EDO-PAGE-M ODE READ CYCLE

VALID
DATA

VALID
DATA

VALID
DATA

COLUMNCOLUMNCOLUMNROW ROW

DON?T CARE

UNDEFINED

tOD

tCAHtASC

tCP

tRSH

tCPtCPtCAStRCDtCRP

tPCtCSH

tRASP tRP

tCAHtASCtCAHtASC

tAR

tRAH

tRAD

tASR

tRCS

tRRH

tRCH

tOFF

tCAC

tCPA

tAA

tCLZ
tCAC

tCPA

tAA

tCAC

tRAC

tAA

tCLZ

tOE tOD
tOE tOD

OPENOPEN

V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

V
V

IH
IL

DQ
V
V

OH
OL

V
V

IH
IL

RAS#

OE#

tCAS tCAS

CAS#

WE#

tCOH

tOEP

tOEHC

tOES
tOES

tACHtACH tACH

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tOE 12 15 ns
tOEHC 5 10 ns
tOEP 5 5 ns
tOES 4 5 ns
tOFF 0 12 0 15 ns
tPC 20 25 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRASP 50 125,000 60 125,000 ns
tRCD 11 14 ns
tRCH 0 0 ns
tRCS 0 0 ns
tRP 30 40 ns
tRRH 0 0 ns
tRSH 13 15 ns

4 M EG x 16
EDO DRAM
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TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCP 8 10 ns
tCRP 5 5 ns
tCSH 38 45 ns
tCWL 8 10 ns
tDH 8 10 ns
tDS 0 0 ns

EDO-PAGE-M ODE EARLY WRITE CYCLE

t DS t DH t DS t DH t DS t DH

t WCR

VALID DATA VALID DATA VALID DATA

t RWL

t WP

t CWL

t WCHt WCS

t WP

t CWL

t WCHt WCS

t WP

t CWL

t WCHt WCS

t CAHt ASCt CAHt ASCt CAHt ASCt RAHt ASR

t RAD tACH t ACH t ACH

t AR

COLUMNCOLUMNCOLUMNROW ROW

t CPt CAS

t RSH

t CPt CASt CPt CASt RCDt CRP

t PCt CSH

t RASP t RP

V
V

IH
IL

CAS#
V
V

IH
IL

ADDR
V
V

IH
IL

WE#
V
V

IH
IL

DQ
V
V

IOH
IOL

RAS#

DON?T CARE

UNDEFINED

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tPC 20 25 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRASP 50 125,000 60 125,000 ns
tRCD 11 14 ns
tRP 30 40 ns
tRSH 13 15 ns
tRWL 13 15 ns
tWCH 8 10 ns
tWCR 38 45 ns
tWCS 0 0 ns
tWP 5 5 ns

4 M EG x 16
EDO DRAM
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EDO-PAGE-M ODE READ-WRITE CYCLE

(LATE WRITE and READ-MODIFY-WRITE cycles)

DON?T CARE

UNDEFINED

t

t
OD

tOE

tOD

tOE

tOD

tOE

OPEN D OUT
VALID

D IN
VALID

D OUT
VALID

D IN
VALID

D OUT
VALID

D IN
VALID OPEN

tDH

tDS

tAA

tCPA

tCLZ

tCAC

tDH

tDS

tAA

tCPA

tCLZ

tCAC

tDH

tDS

tAA

tCLZ

tCAC

tRAC

tWP

tCWL

tRWL

tCWD

tAWD

tWP

tCWL

tCWD

tAWD

tWP

tCWL

tCWD

tAWD

tRCS

tRWD

tASR tRAH tASC

tRAD

tAR

tCAH tASC tCAH tASC tCAH

tCP

tRSH

tCP

tRPtRASP

tCPtRCD

tCSH tPC

tCRP

ROW COLUMN COLUMN COLUMN ROW

V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

V
V

IH
IL

DQ
V
V

IOH
IOL

V
V

IH
IL

RAS#

OE#

tPRWC

OEH

tCAStCAStCAS

WE#

CASL#/CASH#

NOTE 1

NOTE: 1. tPC is for LATE WRITE cycles only.

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tDS 0 0 ns
tOD 0 12 0 15 ns
tOE 12 15 ns
tOEH 8 10 ns
tPC 20 25 ns
tPRWC 47 56 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRASP 50 125,000 60 125,000 ns
tRCD 11 14 ns
tRCS 0 0 ns
tRP 30 40 ns
tRSH 13 15 ns
tRWD 67 79 ns
tRWL 13 15 ns
tWP 5 5 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tAWD 42 49 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLCH 5 5 ns
tCLZ 0 0 ns
tCP 8 10 ns
tCPA 28 35 ns
tCRP 5 5 ns
tCSH 38 45 ns
tCWD 28 35 ns
tCWL 8 10 ns
tDH 8 10 ns

4 M EG x 16
EDO DRAM
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EDO-PAGE-M ODE READ EARLY WRITE CYCLE

(Pseudo READ-MODIFY-WRITE)

V
V

IH
IL

V
V

IH
IL

RAS#

V
V

IH
IL

ADDR

V
V

IH
IL

WE#

t RASP t RP

ROW COLUMN (A) COLUMN (N) ROW

V
IH
IL

OE#

V
V

IOH
IOL

tCRP

t CSH

t CASt RCD

tASR tRAH

tRAD

tASC

tAR

tCAH t ASC t CAH tASC t CAH

t CP

tRSH

VALID DATA
IN

tRCS
tRCH tWCS

tOE

VALID 
DATA (B)VALID DATA (A)

t WHZ

tCAC

tCPA

tAA

tCAC

tAA

OPENDQ

tPC

RACt

tCOH

tWCH

t DS t DH

tPC

COLUMN (B)

t ACH

CAS#

t CASt CASt CP t CP

DON?T CARE

UNDEFINED

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tOE 12 15 ns
tPC 20 25 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRASP 50 125,000 60 125,000 ns
tRCD 11 14 ns
tRCH 0 0 ns
tRCS 0 0 ns
tRP 30 40 ns
tRSH 13 15 ns
tWCH 8 10 ns
tWCS 0 0 ns
tWHZ 12 15 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tACH 12 15 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCOH 3 3 ns
tCP 8 10 ns
tCPA 28 35 ns
tCRP 5 5 ns
tCSH 38 45 ns
tDH 8 10 ns
tDS 0 0 ns

4 M EG x 16
EDO DRAM
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READ CYCLE

(with WE#-controlled disable)

tCLZ

tCAC

tRAC

tAA

VALID DATA OPEN

tRCH
tRCS

tASCtRAH

tRAD

tAR

tCAH

tRCD tCAS

tCSH

tCRP

tASR

ROW

OPEN

RAS#
V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

DQ
V
V

OH
OL

V
V

IH
IL

tODtOE

OE#
V
V

IH
IL

COLUMN

WE#

tWHZ

tWPZ

tCP

tASC

tRCS

COLUMN

tCLZ

CASL#/CASH#

DON?T CARE

UNDEFINED

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tOD 0 12 0 15 ns
tOE 12 15 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRCD 11 14 ns
tRCH 0 0 ns
tRCS 0 0 ns
tWHZ 12 15 ns
tWPZ 10 10 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCAS 8 10,000 10 10,000 ns
tCLZ 0 0 ns
tCP 8 10 ns
tCRP 5 5 ns
tCSH 38 45 ns

4 M EG x 16
EDO DRAM
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RAS#-ONLY REFRESH CYCLE

(OE# and WE# = DON?T CARE)

ROW

V
V

IH
IL

V
V

IH
IL

ADDR
V
V

IH
IL

RAS#

tRC

tRAS tRP

tCRP

tASR tRAH

ROW

OPENQ
V
V

OH
OL

tRPC

CASL#/CASH#

CBR REFRESH CYCLE

(Addresses and OE# = DON?T CARE)

tRP

V
V

IH
IL

RAS#

tRAS

OPEN

tCHRtCSR

V
V

IH
IL

CASL#/CASH#

DQ

tRP tRAS

tRPC

tCSR
tRPC tCHRtCP

V
V

IH
IL

tWRP tWRH tWRP tWRH

WE#

DON?T CARE

UNDEFINED

V
V

OH
OL

NOTE 1

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tRAS 50 10,000 60 10,000 ns
tRC 84 104 ns
tRP 30 40 ns
tRPC 5 5 ns
tWRH 8 10 ns
tWRP 8 10 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tASR 0 0 ns
tCHR 8 10 ns
tCP 8 10 ns
tCRP 5 5 ns
tCSR 5 5 ns
tRAH 7 10 ns

NOTE: 1. End of  f irst  CBR REFRESH cycle.

4 M EG x 16
EDO DRAM



22

HIDDEN REFRESH CYCLE 1

(WE# = HIGH; OE# = LOW)

DON?T CARE

UNDEFINED

tCLZ
tOFF

OPENVALID DATAOPEN

COLUMNROW

tCAC

tRAC

tAA

tCAHtASCtRAHtASR

tRAD

tAR

tCRP tRCD tRSH

tRAS

tRC

tRP

tCHR

tRAS

DQx
V
V

IOH
IOL

V
V

IH
IL

ADDR

V
V

IH
IL

V
V

IH
IL

RAS#

V
V

IH
IL

tOE tOD

OE#
tORD

CASL#/CASH#

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tOE 12 15 ns
tOFF 0 12 0 15 ns
tORD 0 0 ns
tRAC 50 60 ns
tRAD 9 12 ns
tRAH 7 10 ns
tRAS 50 10,000 60 10,000 ns
tRCD 11 14 ns
tRP 30 40 ns
tRSH 13 15 ns

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tAA 25 30 ns
tAR 38 45 ns
tASC 0 0 ns
tASR 0 0 ns
tCAC 13 15 ns
tCAH 8 10 ns
tCHR 8 10 ns
tCLZ 0 0 ns
tCRP 5 5 ns
tOD 0 12 0 15 ns

NOTE: 1. A HIDDEN REFRESH may also be performed af ter a WRITE cycle. In this case, WE# is LOW and OE# is HIGH.

4 M EG x 16
EDO DRAM
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SELF REFRESH CYCLE

(Addresses and OE# = DON?T CARE)

V
V

IH
IL

RAS#

tRASS

OPEN

V
V

IH
IL

V
V

OH
OL

DQ

tRPC

tCHD

tRPS 

tRPC

tRP

tCP

CASL#/
CASH#

tWRHtWRP

WE#
V
V

IH
IL

tWRHtWRP

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

NOTE 1

tCSR

DON?T CARE

UNDEFINED

tCP 

NOTE 2

(
)
(
)

(
)
(
)

TIM ING PARAM ETERS

-5 -6

SYM BOL M IN M AX M IN M AX UNITS
tCHD 15 15 ns
tCLCH 5 5 ns
tCP 8 10 ns
tCSR 5 5 ns
tRASS 100 100 ns

tRP 30 40 ns
tRPC 5 5 ns
tRPS 90 105 ns
tWRH 8 10 ns
tWRP 8 10 ns

NOTE: 1. Once tRASS (MIN) is met  and RAS# remains LOW, the DRAM will enter self  ref resh mode.
2. Once tRPS is sat isf ied, a complete burst  of  all rows should be executed if  RAS#-only or burst  CBR ref resh is used.

-5 -6

SYM BOL M IN M AX M IN M AX UNITS

4 M EG x 16
EDO DRAM
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50-PIN PLASTIC TSOP (400 mil)

.10

10.21

10.11

.45

.30

.80 
TYP

50

1 25

SEE DETAIL A

MAX

.25

DETAIL A

GAGE PLANE

PIN #1 ID

.20

.25

.18

.13

21.04

20.88

11.86

11.66

.80
TYP

.60

.40

.88
TYP

NOTE: 1. All dimensions in millimeters MAX or t ypical where noted.
MIN

2. Package w idth and length do not  include mold prot rusion; allowable mold prot rusion is .25mm per side.

4 M EG x 16
EDO DRAM


