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MOSEL-VITELIC V53C104A " PRELIMINARY
HIGH PERFORMANCE, LOW POWER
256K X 4 BIT FAST PAGE MODE
CMOS DYNAMIC RAM
HIGH PERFORMANCE V53C104A 70/70L 80/80L 10/10L
Max. RAS Access Time, (t,, ) 70 ns 80 ns 100 ns
Max. Column Address Access Time, {toan) 35 ns 40ns - 45 ns
Min. Fast Page Mode Cycle Time, (tpc) 45 ns 50'ns 55 ns
Min. Read/Write Cycle Time, (tnc) 130 ns 150 ns 180 ns
LOW POWER V53C104AL 70L 80L 10L
Max. CMOS Standby Current, (Ippg) 1.0 mA 1.0mA 1.0mA

Features

= 256K x 4 organization
RAS access time: 70, 80, 100 ns
= Low power dissipation for V53C104A-10
+ Operating Current—65 mA max.
+ TTL Standby Current—2.0 mA max.
n Low CMOS Standby Current
* V53C104A—1.5 mA max.
* V53C104AL—1.0 mA max.
» Read-Modify-Write, RAS-Only Refresh,
CAS-Before-RAS Refresh capability
Common /O
512 Reiresh cycles/8 ms
On-chip substrate bias generator
Fast Page Mode for a sustained data rate
greater than 22 MHz
n Standard packages are 20 pin Plastic DIP and
26/20 pin SOJ

Description

The V53C104A is a high speed 262144 x 4 bit
CMOS dynamic random access memory. Fabri-
cated with VICMOS Ill technology, the V53C104A
offers acombination of features: Fast Page Mode for

high data bandwidth, fast usable speed, CMOS

standby current and, on request, extended refresh .

for very low data retention power (V53C104AL).

All inputs and outputs are TTL compatible. Input
and output capacitances are significantly lowered to
allow increased system performance. Fast Page
Mode operation allows random access of up to 512
(x4) bits within a row with cycle times as short as 45
ns. Because of static circuitry, the CAS clock is not
in the critical timing path. The flow-through column
address latches allow address pipelining while relax-
ing many critical system timing requirements for fast
usable speed. These features make the V53C104A
ideally suited for graphics, digital signal processing
and high performance computing systems.

The V53C104AL offers a maximum data retention
power of 5.5 mW when gperating in CMOS standby
mode and performing RAS-only or CAS-before-
RAS refresh cycles, For selected V53C104AL de-
vices with Refresh Interval longer than 8 ms, consult

factory.

Device Usage Chart
Operating Package Outline Access Time (ns) Power
Temperature - Temperature
Range P K 70 80 100 Low Std. Mark
0°Cto 70 °C . . . . . . . Blank

V53C104A Rev. 01 June 1990
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Description Pkg. | Pin Count T —— _I TTITTT
Plastic DIP P 20 FAMILY DEVICE PlG SPEED I
5 TEMP.
SQOJ K 26/20
:I Urad pwr, L gLanK (0°Gto70°G)
k EupTcoR BLANK (NORMAL)
L (LOW POWER)
-70 (70ns§
-80 (80 ns]
-100 {100 ns)
26/20 Lead SOJ Package 20 Lead Plastic DIP
PIN CONFIGURATION PIN CONFIGURATION
Top View Top View
o1 o 1 26 b Vss : oy d 1 ~ 20p Vs
2 o 2 256 [ 1O4 vz o 2 19 p 1oy
WE ¢ 8 24 1 103 WE 3 % 18p 105 -
RAS O 4 23 b TAS m:4¢17:'c7:§
NC ] 5 X 22ph OF N Os 2 iep OF
3 Apg g 6 Q 15P Ag
~ A1 g7 v 1409 A7
O >
Q Ap O 8 130 Ag
Ap 0 9 > 18 Ag Ag O 9 120 Ag
Ay O 10 17 3 A7 VDD O 10 i1 3 A4
Ao O 11 160 Ag :
Ag O 12 5 As
Vpp O 18 148 A4
Pin Names
A-A, Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
~ WE Write Enable
. OE - Qutput Enable
10,0, Data Input, Output
Voo - +5V Supply
Ves OV Supply
. . NC No Connect
Absolute Maximum Ratings* ; =
Ambient Temperature . Capacitance*
Under Bias ....ieurimnmeniissssssens ~10°C to +80°C T,=25°C, V=5V £10%, Vgg=0V
Storage Temperature (plastic) ....—55°C to +125°C pa— 5 T o | o
Voltage on any Pin Except Vg, ym arameter yp. | Max. | Unit
Relative 10 Vg rwreresssin -1.0Vto+7.0V C Address Input 3 4 pF
Voltage on V, relative to Vgg .....=1.0 V0 +7.0 V Cue RAS, CAS, WE, OF 4 5 oF
Data Output Current 50 mA
Power DiSSIPAtion ...suersesecresers: 1.0W Cour | DatalnputOutput 5| 7 | pF
*Note: Operation above Absolute Maximum Ratings can * Note: Capacitance is sampled and not 100% tested

adversely affect device reliability.
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MOSEL-VITELIC V53C104A
Block Diagram
256K x 4
OE o
WE o
C_A_s ) L L
RAS © RAS CLOCK ‘CAS CLOCK WE CLOCK OE CLOCK
Le-| GENERATOR ~| GENERATOR »| GENERATOR || GENERATOR
Vpp o—»
Vgs o—» j
' DATA 1/O BUS [—° V01
/O —0 1/Og
N] COLUMN DECODERS BUFFER —o o4
_—l/ ——0 |/O4
YO -Yg
+— SENSE AMPLIFIERS
REFRESH
COUNTER
512x4
<
Ap O—=| &)E
18]
Mol 18 XoXg| R | st
. 29 —N =8 —N MEMORY
! 0f 1 88 —1 ARRAY
[ ﬂn: w
A7 o co o
Qn
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MOSEL-VITELIC V53C104A
DC and Operating Characteristics (1-2)
TA =0°C to 70°C, VDD =5V £10%, VSs =0V, unless otherwise specified.
V53C104A V53C104AL
Access
Symbol| Parameter Time | Min. Max. Min. Max. | Unit| Test Conditions | Notes
Iy Input Leakage Curment -10 10 -10 10 BA | Voo < V2V '
{any input pin)
lo | Output Leakage Gurrent ~10 10 -0 10 PA | Ve Vour < Voo
(for High-Z State) RAS, CASatV),
oot 70 85 - 85
Vpp Supply Current,
Operating 80 75 75 MA |ty = toe (min) 1,2
)} 100 65 65
lopz | Voo Supply Gurrent, RAS, CAS atV,,
TTL Standby 2.0 2.0 mA | other inputs 2 V¢
lopa | Voo Supply Current, 70 85 85
RAS-Only Refresh
80 75 75 | mA | too=tac (min) 2
100 65 65
Iopa | Vpp Supply Current, 70 65 65
Fast Page Mode 80 55 55 | mA | Minimum Cycle 1,2
Operation
100 50 50
lops | Voo Supply Current, 30 20 | mA [ RAS=V,, CAS=v
Standby, Qutput Enabled other inputs 2 Vg
Iope | Vop Supply Current, RAS2V,,-02V,
1.5 1.0 mA | CAS atV,, all other
inputs = Vg
Vo Input Low Voitage -1.0 0.8 -1.0 0.8 A 3
Vi Input High Voltage 24 Vool 24 Vppt! \ 3
VoL QOutput Low Voltage 04 0.4 V | lg =42mA
Vou | Output High Voltage 24 24 loy=-5mA
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MOSEL-VITELIC V53C104A
AC Characteristics
TA= 0°C to 70°C, Vipp =5V £10%, Vgq = OV unless otherwise noted
AC Test conditions, input pulse levels 0 to 3V
JEDEC 70/L 80/L 10/l
# | Symbol | Symbol Parameter —1 Unit | Notes
Min. | Max.| Min. | Max. | Min. | Max.
1| tarm s RAS Pulse Width 70 | 75K| 80 (75K [ 100 | 75K | ns
2 bone | Y Read or Write Cycle Time 130 150 180 ns
3 | Yenee tee RAS Precharge Time 50 60 70 ns
4 | taom toen CAS Hold Time 70 80 100 ns
5 | toiom toas CAS Pulse Width 20 20 25 ns
6 | thicw teen RAS to CAS Delay 20| 50| 20-| 60 2% | 75| ns| 4
7 | Yooz L Read Command Setup Time 0 0 0 ns
8 | twne tasn Row Address Setup Time 0 0 0 ns
9 L tran Row Address Hold Time 10 10 15 ns
10 tvele tse Column Address Setup Time 0 0 0 ns
11|t ax toan Column Address Hold Time 15 15 20 ns
121 4, RHI(R) tasH ) RAS Hold Time (Read Cycle) 20 20 25 ns
13 | toionie torp CAS to RAS Precharge Time 5 5 10 ns
141 toowx L Read Command Hold Time 0 0 0 ns 5
Referenced to CAS
15 | toowx L Read Command Hold Time 0 0 0 ns 5
Referenced to RAS
16 | toriipme taon RAS Hold Time 10 10 10 ns
Referenced to OE
17 | taiav toac Access Time from OE 20 20 25 | ns
18 | toqv toac Access Time from CAS 20 20 25 ns | 67
19 L tanc Access Time from RAS 70 80 100 ns | 6,89
20 | tyav toaa Access Time from Column 35 40 45 ns | 6,7,
Address 10
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MOSEL-VITELIC V53C104A
AC Characteristics (Cont'd.)
JEDEC . | 70 80/L. 0L
# | Symbol | Symbol Parameter Unit | Notes
Min. | Max.| Min.| Max.; Min.| Max.

21| toox t, OF or CAS to Low-Z Qutput 0 0 0 ns | 16

22 | toaz tuz OE or GAS to High-Z Output 0 20 0 20 0 20 [ ns | 16

23 | thax te Column Address Hold Time 55 60 75 ns

from RAS
24 [ to v - taao RAS to Column Address i5 35 15 |.40 20 ) 55 | ns 11
Delay Time
25 | toimnw | tRsnow RAS or CAS Hold Time 20 - 20 25 ns
In Write Cycle
26 tyiom towe Write Command to CAS 20 20 25 ns
Lead Time

27 | Yol twes Write Command Setup Time 0 0 0 ns {12,183

28 | toLwm twon Write Command Hold Time 15 15 20 ns

29 | twrowmr typ - | Wirite Pulse Width - i5 15 20 ns

30 | o whit twern - | Write Command Hold Time 55 60 75 ns

: from RAS
31 [ tyiimar towL Write Command to RAS | 20 20 25 . ns
Lead Time -

32 | thywz tos Data in Setup Time 0 0 0 ns 14
ok | fon Data in Hold Time 15 15 20 ns | 14
turaz | twon Write to O Hold Time 20 | 2 | - 25 ns | 14
Yaropx toen OE to Data Delay Time 20 20 25 ns | 14

36 | tqopie tewo Read-Madify-Write : 185 205 245 ns
(RMW) Cycle Time

37 toimm L Read-Modify-Write Cycle 125 135 165 ns
(RMW) RAS Pulse Width

38 |t wie town CAS to WE Delay 50 50 60 ns | 12
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MOSEL-VITELIC V53C104A
AC Characteristics (Cont'd.)
JEDEC 70/L 80/L 10/L
# | Symbol | Symbol Parameter Unit | Notes
Min. | Max.| Min.| Max. | Min. | Max.
89| to e tewo RAS to WE Delay in 100" 110 135 ns 12
Read-Modify-Write Cycle
40 |ty o torw CAS Pulse Width (RMW) 75 75 90 ns
4 by tawp Col. Address to WE Delay 65 70 80 ns | 12
42 [ ty,c0 tog Fast Page Mode 45 50 55 ns
Read or Write Cycle Time
4390 topos | tp CAS Precharge Time 10 10 10 ns
44| Y toar Column Address to RAS 35 40 45 ns
Setup Time
45 | tooqv toap Access Time from 40 45 50 | ns 7
Column Precharge i
.46 | o ik L Data in Hold Time 55 60 75 ns
Referenced to RAS
47 | tomie tosn | CAS Setup Time 10 10 10 ns
CAS-before-RAS Refresh
48 [ toocio LA RAS to CAS Precharge Time 10 10 10 ns
497 o | town CAS Hold Time 30 30 30 ns
CAS-before-RAS Refresh
60 | tysoe | bow | FastPage Mode Read- 95 100 115 s
(RMW) Modify-Write Cycle Time
te t Transition Time 3 50 3| 80 3 50 | ns | 15
(Rise and Fall)
ta Refresh Interval 8 8 8 ms | 17
(512 Cycles)
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MOSEL-VITELIC V53C104A
Notes: .
1. 1,y is dependent on output loading when the device output is selected. Specified Iy, (max.) is measured with the
output open. : )

2. |,pis dependent upon the number.of address transitions. Speciﬁed,ldo {max.) is measured with a maximum of two
transitions per address cycle in Fast Page Mode.

8. Specified V,_(min.) is steady state operating. During transitions, V,,_{min.) may undershoot to ~1.0 V for a period
notto exceed 20 ns. All AC parameters are measured with V,_(min.) 2 Vg and V,, (max.) < V..

4.t (max.)is specified for reference only. Operation within to ., (max.} limits insuresthatt, . (max.) andt,, (max.)
can be met. If t_ . is greater than the specified t,, (max.), the access time is controlled by t,,, and t.,.

Either toq,, or t,, must be satisified for a Read Cycle to ocour.
Measured with a load equivalent_ to two TTL inputs and 100 pF.

Access time is determined by the longest of t,,,, {o,c @nd o,

® N o o

Assumes thatty,, <t.., (max.). [t is greater than tRAD. (max.), t, o Willincrease by the amount thatt,, , exceeds
toap (Max.).

9. Assumesthatto. <t ., (max.). If tacn 8 greaterthant, .. (max.), to, . willincrease by the amountthatt. ., exceeds
tocp (Max.).

10. Assumes thatt,,, =1, (max.).

11.  Operation within the t_,, (max.) limit ensures that t,, . (max.) can be met. t.,, (max.) is specified as a reference
point only. If t,, , is greater than the specified tg,, (max.) limit, the access time is controlled by t.,, and t;,..

12, tyesr tawo tawn @nd toyp are not restrictive operating parameters.

13, tyos (min.) must be satisfied in an Early Write Cycle.

14. t,q and t;,, are referenced to the latter occurrence of CAS or WE.

15. t.is measured between V,, (min.) and V"_’ {max.). AG-measurements assume t. = 5 ns.

16, Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent).

17. Aninitial 200 ps pause and 8 RAS-containing cycles are required when exiting an extended period of bias without
clocks. An extended period of time without clocks is defined as one that exceeds the specified Refresh Interval.




NOSEL VITELIC l:EE ]) - [:3533‘1]: UDD]:‘IEB T'?S -I'IOVI

. E—
MOSEL-VITELIC V53C104A
Waveforms of Read Cycle
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MOSEL-VITELIC V53C104A
Waveforms of OE-Controlled Write Cycle
g : tro @ >
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Waveforms of Read-Modify-Write Cycle
- tRwo (35)
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MOSEL-VITELIC V53C104A
Waveforms of Fast Page Mode Read Cycle
: tRas (1) trp ()~
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Waveforms of Fast Page Mode Write Cycle
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MOSEL-VITELIC ' V53C104A

Waveforms of Fast Page Mode Read-Write Cycle
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Waveforms of RAS-Only Refresh Cycle
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NOTE: WE, OE = Don't care
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MOSEL-VITELIC V53C104A
Waveforms of CAS-before-RAS Refresh Cycle
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Waveforms of Hidden Refresh Cycle (Read)

—_— V —_—
rRas ™M

Vi —

@ M

VIL_

Vi —
ADDRESS M

Vi —

—_ V—
WE IH

ViL—

_ Vi, —
OF H

Vi —

w

VoL—

thc @) - tro @
[a——— tpag (1) —] tRp @)~ [e—— tRas (1) —— tRp (3~
=X ‘_,tAR(m)—’ \ K
e-tRon () tRsH (R)(12) F— tGHR (9)—*] [*— tcRp (13—
’ '.‘"‘tCRP(KS) _
trap (24)
tAsR(e)ﬂ - ! (A5G (10) .
tRan (9) 7 — toan (11) )
OGN ED 0 (D RO OOR AN ORANOR
ADD ADDRESS
|
tR(‘S(7)->| - RRH (15)

/[y

pe——— tGAA(20)"“>

N\

777777777777777

toacun

i

7777

A

/77

[

tiz @iy

[t cac (18) ™1

tRac (19)

P— tHZ (n)—-—b

“VALID DATA

thz (22)

. T

2-100

- 676 10




- MOSEL=-VITELIC G2E D W L353391 0001928 557 EEMOVI

MOSEL-VITELIC - : V53C104A

Waveforms of Hidden Refresh Cycle (Write)
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MOSEL-VITELIC “V53C104A

Waveforms of CAS-before-RAS Refresh Counter Test Cycle
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Functional Description

The V53C104A is a CMOS dynamic RAM opti-
mized for high data bandwidth, low power applica-
tions. Itis functionally simitar to a traditional dynamic
RAM. The V53C104A reads and writes data by
multiplexing an 18-bit address into a 9-bitrow and a
9-bit column address. The row address is latched by
the Row Address Strobe (RAS). The column address
“flows through” an internal address buffer and is
latched by the Column Address Strobe (CAS). Be-
cause access time is primarily dependent on a valid
column address rather than the precise time that the
CAS edge occurs, the delay time from RAS to CAS
has little effect on the access time.

Memory Cycle

A memory cycle is initiated by bringing RAS low.
Any memory cycle, once initiated, must not be ended
oraborted before the minimumt, . time has expired.
This ensures proper device operation and data integ-
rity. A new cycle must not be initiated- until the
minimum precharge time t,/t ., has elapsed.

Read Cycle

A Read cycle is performed by holding the Write
Enable (WE) signal High during a RAS/CAS opera-
tion. The column address must be held for a mini-
mum specified by t, .. Data Out becomes valid only
whent,,., toacs toas 8nd to, o are all satisifed. As a
result, the access time is dependent on-the timing
relationships between these parameters. For ex-
ample, the access time is limited by t,,, whent

o RAG?
toac and ty, . are all satisfied.

Write Cycle

A Write Cycle is performed by taking WE and CAS
low during a RAS operation. The column address is
latched by CAS. The Write Cycle can be WE con-
trolled or CAS controlled depending on whether WE
or CAS falls later. Consequently, the input data must
be valid at or before the faliing edge of WE or CAS,
whichever occurs last. In the CAS-controlled Write
Cycle, when the leading edge of WE occurs prior to
the CAS low transition, the I/O data pins willbe in the
High-Z state at the beginning of the Write function.

V53C104A

Ending the Write with RAS or CAS will maintain the
output in the High-Z state.

In the WE controlled Write Cycle, OE must be in
the high state and t., must be satisfied.

Refresh Cycle

To retain data, 512 Refresh Cycles are requiredin
each 8 ms period. There are two ways to refresh the
memory:

1. By clocking each of the 512 row addresses (A,
through Ag) with RAS at least once every 8 ms,
Any Read, Write, Read-Modify-Write or RAS-only
cycle refreshes the addressed row.

2. Using a CAS-before-RAS Refresh Cycle. If CAS
makes a transition from low to high to low after the
previous cycle and before RAS falls, CAS-before-
RAS refresh s activated. The V53C104A uses the
output of an internal 9-bit counter as the source of
row addresses and ignore external address in-
puts.

CAS-before-RAS is a “refresh-only” mode and no
data access or device selectionis allowed. Thus, the
output remains in the High-Z state during the cycle.
A CAS-before-RAS counter test mode is provided to
ensure reliable operation of the internal refresh
counter.

Data Retention Mode

The V53C104A offers a CMOS standby mode that
is entered by causing the RAS clock to swing be-
tween avalid V;_and an “extra high” Vi, within 0.2 V
of V. While the RAS clock is at the “extra high”
level, the V53C104A power consumption is reduced
to the low t,,, level. Overall |, consumption when
operating in this mode can be calculated as follows:

{tro) X (Inpq) + Mrxtrc) X (Ippe)

- tRX

Where:  t.. = Refresh Cycle Time

tox = Refresh Interval / 512
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Fast Page Mode Operation

Fast Page Mode operation permits all 512 col-
umns within a selected row of the device to be
randomly accessed at a high data rate. Maintaining
RAS low while performing successive CAS cycles
retains the row address internally and eliminates the
needto reapply it for each cycle. The column address
buffer acts as a transparent or flow-through latch
while CAS is high. Thus; access begins from the
occurrence of a valid column address rather than
from the falling edge of CAS, S, eliminating t,o and t;
fromthe critical timing path. CAS latches the address
into the column address buffer and acts as an output
enable. During Fast Page Mode operation, Read,
Write, Read-Modify-Write or Read-Write-Read
cycles are possible at random addressés within a
row. Following the initial entry cycle into Fast Page
Mode, access is tCAA ort.,p controlled:. If the column
address is valid prior to the rising edge of CAS, the
access time is referenced to the CAS rising edge
and is specifiedbyt,,, . fthe column address is valid
after the rising CAS edge, accessis timed from the
occurrence of a valid address and is specified by
toaa- In both cases, the falling edge of CAS latches
the address and enables the output. -

Fast Page Mode provides a sustained data rate of
over 22MHz for applications that require high data
rates such as bit-mapped graphics or high-speed
signal processing. The following equation can be
used to calculate the maximum data rate:

- b12
DataRate = . -
_ foo #5711 X g

Data Output Operation

__The V53C104A Input/Output is controlled by OE,
CAS, WE and RAS. A RAS low transition enables the
transfer of data to and from the selected row address
in the Memory Array. A RAS high transition disables
datatransfer and latches the output data if the output
is enabled. After a memory cycle is initiated with a
RAS low transition, a CAS low transition or CAS low
level enables the internal /O path. A CAS high
transition or a CAS high level disables the 1/O path
and the output driver if it is enabled. A CAS low
transition while RAS is high has no effect on the 1/O
datapath or onthe output drivers. The output drivers,
when otherwise enabled, can be disabled by holding

- V53C104A

OE high. The OE signal has no effect on any data
stored in the output latches. A WE low level can also
disable the output drivers when CAS is low. During a
Write cycle, if WE goes low at a time in refationship
to CAS that would normally cause the outputs to be
active, itis necessary to use OE to disable the output
drivers prior to the WE low transition to allow Data In
Setup Time (t,) to be satisfied.

Power-On

Afterapplication ofthe V supply, an initial pause
of 200 ps is required followed by a minimum of 8
initialization cycles (any combination of cycles con-
taining a RAS clock). Eight initialization cycles are
required after extended periods of bias without
clocks (greater than the Refresh interval).

During power on, the V;, current requirement of
the V53C104A is dependent.on the input levels of
RAS and CAS. If RAS is low during Power-On, the
device will go into an active cycle and |, will exhibit
current transients. It is recommended that RAS and
CAS track with V; or be held at a valid V|, during
Power-On to avoid current surges.

Table 1. V53C104A Data Output
" Operation for Various Cycle Types
Cycle Type /O State
Read Cycles Da_té from Addressed
Mémory Cell
. CAS-Controlled Write High-Z
Cycle (Early Write)
WE-Controlled Write OE Controlled. High
Cycle (Late Write) OE = High-Z 1/Os
Read-Modify-Write Data from Addressed
Cycles Memory Cell
Fast Page Mode Data from Addressed
Read Memory Cell
Fast Page Mode Write  High-Z
Cycle (Early Write) -
Fast Page Mode Read- ~ Data from Addressed
--*Modify-Write Cycle - Memory Cell
RAS-only Refresh High-Z
CAS-before-RAS Data remains asin
Refresh Cycle previous cycle
CAS-only Cycles High-Z




