MOSEL VITELIC V53C104H

ULTRA-HIGH PERFORMANCE,
LOW POWER 256K X 4 BIT
FAST PAGE MODE CMOS DYNAMIC RAM

HIGH PERFORMANCE 45/45L S0/50L 55/55L 60/60L
Max. RAS Access Time, flpac) 45ns 50 ns 55 ns 60 ns
Max. Column Address Access Time, (tC AA) 22 ns 24 ns 28 ns 30ns
Min. Fast Page Mode Cycle Time, (tpC) 25ns 28 ns 38 ns 40 ns
Min. Read/Write Cycle Time, (IRC) 90 ns 100 ns 110ns 120 ns
LOW POWER V53C104HL 45L 50L 55L 60L
Max. CMOS Standby Current, (IDDG) 150 pA 150 uA 150 pA 150 pA

Features

m 256K x 4-bit organization
m RAS access time: 45,50,55,60 ns
m Low power dissipation
* V53C104H-60
— Operating Current — 85 mA max
— TTL Standby Current ~ 2.0 mA max
= Low CMOS Standby Current
* V53C104H — 1.0 mA max
* V53C104HL — .15 mA max
m Low Battery Back-up Current
* V53C104HL — 200pA max
m Read-Modify-Write, RAS-Only Refresh,
CAS-Before-RAS Refresh capability
m Refresh Interval
¢ V53C104H — 512 cycles/8 ms
¢ V53C104HL ~ 512 cycles/64 ms
= Fast Page Mode for a sustained data rate
greater than 40 MHz
m Available in 20 pin Plastic DIP and 26/20 pin SOJ
packages

Description

The V53C104H is a high speed 262,144 x 4 bit
CMOS dynamic random access memory. Fabri-

Device Usage Chart

cated with Mosel-Vitelic's VICMOS Ili technology,
the V53C104H 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
(V53C104HL).

All inputs and outputs are TTL compatible. Input
and output capacitances are significantly lowered to
allow increased system performance. Fast Page
Maode operation allows random access of up to 512
(x4) bits within a row with cycle times as short as 25
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 V53C104H
ideally suited for graphics, digital signal processing
and high performance computing systems.

The V53C104HL offers a maximum data retention
power of 1.1 mW when operating in CMOS standby
mode and performing CAS-before-RAS refresh
cycles. This mode is entered by holding RAS at a
voltage greater than V, — 0.2 when it is inactive.

Operating Package Outline Access Time (ns) Power
Temperature Temperature
Range P K 45 50 55 60 Low Std. Mark
0°Cto70°C b hd . . . 4 hd b Blank
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MOSEL VITELIC V53C104H
v 5 3C 1t 0 4 H
FAMILY DEVICE PKG SPEED ‘ TEMP.
:l (Rac) bR L pank (0°C1070°C)
R Eg(l_)ﬁ)sncow ) BLANK (NORMAL)
- L {LOW POWER)
Description Pkg. | Pin Count
- 45 (45 ns)
Plastic DIP P 20 50 (50 ns)
55 (55
50J K 26/20 % (eong
26/20 Lead SOJ Package 20 Lead Plastic DIP
PIN CONFIGURATION PIN CONFIGURATION
Top View Top View
Ny
V01 1 %6 b vss o, g 1 20 [0 Vss
o 0O 2 19 0 104
voe O 2 25 O 104 2 R
— WE O 3 18 O 11O
We 4O 3 #p 03 RAS [ 4 7h T8
RAS ] 4 230 TAS =
N d s 2h O NC O S 16 H Ok
Ap O 6 15 P Ag
Ay O 7 14 [A Ay
A, O 8 130 Ag
As O 9 12 Ag
Ag O 9 18 0 Ag VDD O 10 1 Ay
A1 O 10 17 @ A7
Az O 11 16 0 Asg
Az O 12 150 As
Vpp O 13 140 As
Pin Names
Ao_As Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
OE Output Enable
WO, -0, Data Input, Output
Voo +5V Supply
Vss OV Supply
NC No Connect
Absolute Maximum Ratings™
Ambient Temperature Capacitance*
Under Bias .......ccccovevennneeiinines —10°C to +80°C T,=25°C, V=5V £10%, Vg =0V
Storage Temperature (plastic)....-55°C to +125°C Svmbol Paramet T x| unit
Voltage Relative t0 Vg ......cccrno.. =1.0 V10 +7.0V 4 arameter yp- -
Data Qutput Current ......ocveeeiiinccieenns 50 mA Chn Address Input 3 4 pF
Power Dissipation .........ccceeeccvevecinnniincncnnee 1.0W Cho RAS, CAS, WE, O 4 5 oF
*Note: Operation above Absolute Maximum Ratings can
adversely affect device reliability. Cour Data Input/Output 5 7 PF
* Note: Capacitance is sampled and not 100% tested
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MOSEL VITELIC V53C104H

Biock Diagram
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MOSEL VITELIC V53C104H

DC and Operating Characteristics (1-2)
T,=0°C1070°C, V=5V 10%, V=0 V, unless otherwise specified.

V53C104H V53C104HL
Symbol Parameter Access
Time | Min. | Typ. | Max. | Min. | Typ. | Max. | Unit| Test Conditions |Notes
I Input Leakage Current -10 10 -10 10 MA I Vg € VSV
(any input pin)
lo Output Leakage Current -10 10 -10 10 HA | VoSV 1SV
(for High-Z State) RAS, CAS at Vi
45 110 110
| Vv I t,
oor | Vo Supply Curren 50 100 100 | MA | tyg =ty (Min) 1,2
Operating 55 90 90 i
60 85 85
Iop2 Vpp Supply Current, RAS, CAS at Viu
TTL Standby 2 2 mA | other inputs = Vg
45 110 110
Voo Supply Current,
lopa RAS-Only Refresh 50 100 100 | mA |t =t (min.) 2
55 90 90
60 85 85
lops | Vi Supply Current, 45 100 100
Fast Page Mode 50 90 90 | mA | Minimum Gycle 1,2
Operation
55 85 85
60 80 80 |
Ios Vpp Supply Current, 2.0 20 mA RA§=V|H, CA§=VIL 1
Standby, Output Enabled other inputs > V¢
toos Voo Supply Current, RAS = Vop— 02V,
CMOS Standby 1.0 0.15 | mA | CAS2V,~-02V,
All other inputs 2 V¢
'DD7 Battery Back-up CAS-before-RAS
Data Retention Current N.A. 0.2 | mA | Refresh cycle 18
(V53C104HL Only) tho=125ps
CMOS clock levels
Vi Input Low Voltage -1 08 -1 0.8 v 3
Vig Input High Voltage 24 Vpptl| 24 Vpot!| V 3
Vou Output Low Voltage 0.4 04 V il =42mA
Vou Output High Voltage 24 24 V ] lgu=-5mA
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MOSEL VITELIC V53C104H

AC Characteristics
TA= 0°C to 70°C, VDD =5V +£10%, Vss = 0V uniess otherwise noted

AC Test conditions, input pulse levels 0 to 3V

45/L 50/L 55/L 60/
# | JEDEC {Symbol Parameter Unit | Notes
Symbol Min. | Max.! Min. | Max.| Min. [Max. |Min. | Max.|

L S t.s | FAS Pulse Width 45 | 75K | 50 | 75K | 55 (75K | 60 | 75K| ns

2 |toome the Read or Write Cycle Time 90 100 110 120 ns ‘

3 | tpnie 1gp RAS Precharge Time 35 40 45 50 ns

4 {loom toen CAS Hold Time 45 50 55 60 ns

5 Itoicnn tons CAS Pulse Width 12 12 15 15 ns

6 |tascis taco RAS to CAS Delay 18 31 19 | 36 | 20 |40 20 45 | ns 4

7 | twreciz tecs Read Command Setup Time 0 0 0 0 ns

8 |t AVALZ s Row Address Setup Time 0 0] 0 0 ns

9 e rax taan Row Address Hold Time 8 9 10 10 ns

10 tavere Ysc Column Address Setup Time 0 0 0 0 ns

Mt ax tean Column Address Hold Time 6 7 10 10 ns

12 tcunm(a) tasH ® RAS Hold Time (Read Cycle) | 14 14 15 15 ns

13 |ty onie temp CAS to RAS Precharge Time | 4 4 5 5 ns

14 1t o tren Read Command Hold Time 0 0 ] 0 ns 5
Referenced to CAS

15 |t owx toan Read Command Hold Time 0 0 0 0 ns 5
Referenced to RAS

16 | tog, Ruo tron RAS Hold Time ] 9 10 10 ns
Referenced to OE

17 tacrav toac Access Time from OE 12 12 15 15 | ns

18 |t v teac Access Time from CAS 12 12 15 151 ns 6,7

19 [to oy tasc Access Time from RAS 45 50 55 60 | ns | 6,89

20 |t Qv toan Access Time from Column 22 24 28 30 ns 6,7,
Address 10
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MOSEL VITELIC V53C104H
AC Characteristics (Cont'd.)
45/L 50/L 55/L 60/L
# | JEDEC |Symbol Parameter Unit | Notes
Symbol Min. | Max.| Min.| Max.| Min.{Max.| Min.| Max
21 1t ox t, OF or CAS to Low-Z Output 0 0 0 0 ns 16
22 Mooz tyy OE or CAS to High-Z Output | 0 8| 0| 8| 0|10 ] 0} 2| ns | 16
23 o iax s Column Address Hold Time 30 35 45 50 ns
from RAS
24 |1 v taan RAS to Column Address 13 23| 14| 26| 15 |27 15 30| ns 11 |
Delay Time
25 i | sk RAS or CAS Hold Time 14 14 15 15 ns
in Write Cycle
26 twLicH towe Write Command to CAS 14 14 15 15 ns
Lead Time
27 | tscie twcs Write Command Setup Time 0 0 0 0 ns 12,13
28 | o ywmn twon Write Command Hold Time 6 7 10 10 ns |
29 |ty v twp Write Pulse Width 6 7 10 10 ns
30 | tay ywms twer Write Command Hold Time 30 35 45 50 ns
from RAS
31 [t ymm tawt Write Command to RAS 14 14 15 15 ns
Lead Time
32 | twe tos Data in Setup Time [0} 0 0 0 ns 14
33 | tyiox tou Data in Hold Time 6 7 10 10 ns 14
34 e twon Write to OE Hold Time 9 9 10 10 ns 14
35 |1g100x toen OE to Data Delay Time 8 8 10 10 ns 14
36 | thome tawe Read-Modify-Write 135 145 160 170 ns
(RMW) Cycle Time
37 | e immt tarw Read-Modify-Write Cycle 85 90 100 105 ns
(RMW) RAS Pulse Width
38 1o e tewn CAS to WE Delay 31 33 38 40 ns 12

V53C104H Rev. 1.0 January 1995

BN 353391 0002762 840 I 2-92




MOSEL VITELIC V53C104H

AC Characteristics (Cont'd.)

45/L 50/L 55/L 60/L
# | JEDEC | Symbol Parameter Unit |Notes
Symbol Min. | Max. |Min. |Max. | Min.| Max. |Min. | Max.
39 tnuwn.z tnwu RAS to WE Delay in 65 70 80 85 ns 12
Read-Modify-Write Cycle
40 [ to o teaw CAS Pulse Width (RMW) 50 54 62 85 ns
M | tywe tawo Col. Address to WE Delay 41 43 55 58 ns 12
42 | tooon tec Fast Page Mode 25 28 38 40 ns
Read or Write Cycle Time
43 | toyootn tep CAS Precharge Time 7 8 10 10 ns
4 | tyan tear Column Address to RAS 22 24 28 30 | ns
Setup Time
45 | tynay teap Access Time from 24 26 32 34 ns 7
Column Precharge
46 | 1 1ox torm Data in Hold Time 30 35 45 50 ns
Referenced to RAS
LY I tosn CAS Setup Time 10 10 10 10 ns
CAS-before-RAS Refresh
48 | th oo taec RAS to CAS Precharge Time | 0 0 0 0 ns
49 | L ionn torm CAS Hold Time 12 12 15 15 ns
CAS-before-RAS Refresh
50 | 15500 toom Fast Page Mode Read- 65 70 82 85 ns
{RMW) Modify-Write Cycle Time
t t Transition Time 3 50 3 50 3 |50 3 50 ns 15
(Rise and Fall)
toee Refresh Interval 8 8 8 8 ms 17
(512 Cycles)
toer Refresh Interval 64 64 64 64 [ ms | 17,18
V53C104HL Only
(612 Cycles, ty .= 125 us)
V63C104H Rev. 1.0 January 1995
2-93

B L35339) 0002763 787 EA




MOSEL VITELIC V53C104H

Notes:

1.

18.

®» N o o

Ipp is dependent on output loading when the device output is selected. Specified 1, (max.) is measured with the
output open.

Ipp IS dependent upon the number of address transitions. Specified I, (max.) is measured with a maximum of two
transitions per address cycle in Fast Page Mode.

Specified V, (min.) is steady state operating. During transitions, V, {min.) may undershoot to —1.0 V for a pericd
not to exceed 20 ns. All AC parameters are measured with V, (min.) 2V, and V|, (max.) < V..

(max.) is specified for reference only. Operation within . (max.) limits insures thatt , . (max.) andt,,, (max.)
is greater than the specified t5., (max.), the access time is controlled by ., , andt,, .

'RCD
can be met. If to

Eithert must be satisified for a Read Cycle to occur.

arn O tacn
Measured with a load equivalent to two TTL inputs and 100 pF.
Access time is determined by the longest of t,,, teac @Nd oy

Assumes thatt
taap (Max.).

rap S trap (Max.). ifto, is greaterthant, , (max.), t,,. willincrease bythe amountthatt, ,  exceeds

Assumesthatt
(max.).

Stacp (Mmax). iftg pis greaterthant. . (max.), t,, . willincrease by the amount thattees exceeds

RCOD RCD
tRCD

Assumes that t thap (Max.).

>
RAD =

Operationwithinthe ty, , (max.) limitensuresthatt,, - {max.)canbe met.t_,  (max.)is specified as a reference point

only. If i, is greater than the specified tg ., (max.) limit, the access time is controlled by t.,, and t,,..

t and t,,,, are not restrictive operating parameters.

tWCS' tRWD' AWD

tyos (Min.) must be satisfied in an Early Write Cycle.

t,g and t,,, are referenced to the latter occurrence of CAS or WE.

t, is measured between V,, (min.) and V"_ (max.). AC-measurements assume t. = 5 ns.
Assumes a three-state test load (5 pF and a 380 Ohm Thevenin equivalent).

An initial 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.

This is battery backup data retention mode under CAS-before-RAS refresh cycles.
tho =125 s (125 ps x 512 = 64 ms)
taas = Ipag (Min) to 1 ps
Input voltages: RASandCAS V>V, -02V
VIL <02V
WE and OE Viy>Vpp—02V
All other inputs at stable V| or V|
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MOSEL VITELIC

Waveforms of Read Cycle

V53C104H
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Waveforms of Early Write Cycle
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MOSEL VITELIC

Waveforms of OE-Controlled Write Cycle

V53C104H
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Waveforms of Read-Modify-Write Cycle
tawe (36)
X tRRW (37) ot tap (3
— ViH — AR (23) }__k
RAS K
Vi — S
tesH @) -
terp (13) [*—!RcD (6) RSH (W)(25)  Lere (13)
1
Vg — torRw (40) -
o ! /T7 1\
L —
tRaH (9) Lean o
tasr (8) - llAsc (10)
Vi
H ROW COLUMN
ADDRESS vy — ADDRESS m ADDRESS (XXXX
T .
= Lawp 1) towt (26)
tRAD (24) ; tewn (as) e tRWL (31)-o~1
'IRWD (39) twp (20)
— Vig — 'S
W | N/
L — ht—— tCM(zo)—b
toacun
— Ym—
& W [LL AN /
L—
LoD (35) —— ] Iy a3)
tcac (18) tHz (22)
tRAC (19) tps (32
o Y Von— VALID VALID
Vi VoL — DATA-OUT DATA-IN
tz 21y 675 04
V53C104H Rev. 1.0 January 1995
2-96

B L35339) 0002766 496 HE




I —

MOSEL VITELIC Vv53C104H

Waveforms of Fast Page Mode Read Cycle
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Waveforms of Fast Page Mode Write Cycle
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MOSEL VITELIC V53C104H

Waveforms of Fast Page Mode Read-Write Cycle
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Waveforms of RAS-Only Refresh Cycle
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MOSEL VITELIC

V53C104H

Waveforms of CAS-before-RAS Refresh Counter Test Cycle
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MOSEL VITELIC V53C104H

Waveforms of Hidden Refresh Cycle (Read)
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Waveforms of Hidden Refresh Cycle (Write)
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Functional Description

The V53C104H is a CMOS dynamic RAM opti-
mized for high data bandwidth, low power applica-
tions. Itis functionally similar to a traditional dynamic
RAM. The V53C104H reads and writes data by
multiplexing an 18-bit address into a 9-bit row 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
TAS 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, mustnot be ended
or aborted before the minimumt_, . time has expired.
This ensures proper device operation anddatainteg-
rity. A new cycle must not be initiated until the
minimum precharge time 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 spegcified by t, .. Data Out becomes valid only
When ty, o toacs toas @Nd te 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,, ..

toac andt,,. 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 falling edge of WE or CTAS,
whichever occurs last. In the CAS-controlled Write
Cycle, when the leading edge of WE occurs prior to
the CAS low transition, the 1/O data pins will be in the
High-Z state at the beginning of the Write function.
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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 required in
each 8 ms period. There are two ways to refresh the
memory:

1. By clocking each ﬂhe 512 row addresses (A,
through A,) with RAS at least once evw 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 cycie and before RAS falls, CAS-betore-
RAS refreshis activated. The V53C104H uses the
output of an internal 9-bit counter as the source of
row addresses and ignore external address  in-
puts.

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

Data Retention Mode

The V53C104H offers a CMOS standby mode that
is entered by causing the RAS clock to swing be-
tween a valid V, and an “extra high” V, within 0.2 V
of V. While the RAS clock is at the “extra high”
level, the V53C104H power consumption is reduced
to the low 1, tevel. Overall I, consumption when
operating in this mode can be calculated as follows:

(tae) X Uppy) + (taytac) X (Ipps)
=

tRX

Where:  t.. = Refresh Cycle Time

tax = 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 reapplyitforeach cycle. The column address
buffer acts as a transparent or flow-through latch
while TAS is high. Thus, access begins from the
occurrence of a valid column address rather than
from the falling edge of CAS, eliminating tcandt,
from the 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 addresses within a
row. Following the initial entry cycle into Fast Page
Mode, accessist,,, ort.,. controlled. if the column
address is valid prior to the rising edge of CAS, the
access time is referenced to the CTAS rising edge
and is specified byt . fthe column address is valid
after the rising Ergcedge, accessis timed fromthe
occurrence of a valid address and is specified by
t.aa- IN both cases, the falling edge of CAS latches
the address and enables the output.

Fast Page Mode provides a sustained data rate of
40 MHz 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:

512

Data Rate = —————
toe + 511 Xt

Data Output Operation

The V53C104H 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
data transfer 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 I/O path. A CAS high
transition or a CAS high level disables the I/O path
and the output driver if it is enabled. A TAS low
transition while RAS is high has no effect on the I/0
data path or onthe output drivers. The output drivers,

when otherwise enabled, can be disabled by holding
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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 relationship
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 (tyg) to be satisfied.

Power-On

After application of the Vpp SUPPlY, aninitial 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 Vpp Current requirement of
the V53C104H 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 I, thibit
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. V53C104H Data Output
Operation for Various Cycle Types

Cycle Type /O State

Read Cycles Data from Addressed
Memory Cell

CAS-Controlled Write High-Z

Cycle (Early Write)

WE-Controlied Write
Cycle (Late Write)

OE Controlled. High
OF = High-Z I/Os

Read-Modify-Write
Cycles

Data from Addressed
Memory Cell

Fast Page Mode
Read

Data from Addressed
Memory Cell

Fast Page Mode Write
Cycle (Early Write)

High-Z

Fast Page Mode Read-

Modify-Write Cycle

Data from Addressed
Memory Cell

RAS-only Refresh

High-Z

CAS-before-RAS

Data remains as in

Refresh Cycle previous cycie
CAS-only Cycles High-Z
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