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MOSEL VITELIC

V53C511816500

1M X 16 EDO PAGE MODE
CMOS DYNAMIC RAM

HIGH PERFORMANCE 50 60 70
Max. RAS Access Time, (tzap) 50 ns 60 ns 70 ns
Max. Column Address Access Time, (icaa) 25ns 30ns 35ns
Min. Extended Data Qut Page Mode Cycle Time, () 20 ns 25ns 30ns
Min. Read/Write Cycle Time, (zc) 84 ns 104 ns 124 ns

Features

1MB x 16-bit organization

RAS access time: 50, 60, 70 ns

EDO Page Mode for a sustained data rate
of 50 MHz

Dual CAS Input

Low power dissipation
Read-Modify-Write, RAS-Only Refresh,
CAS-Before-RAS Refresh

Refresh Interval — 1024 cycles/16 ms
Available in 42-pin 400 mil SOJ

Single +5V Power Supply

TTL Interface

Self-refresh

Device Usage Chart

Description

The V53C511816500 is a 1048576 x 16 bit high-
performance CMOS dynamic random access
memory. The V53C511816500 offers Page mode
operation with Extended Data Output. The
V53C511816500 has symmetric address, 10-bit
row and 10-bit column.

All inputs are TTL compatible. EDO Page Mode
operation allows random access up to 1024 x 16
bits, within a page, with cycle times as short as
20ns.

These features make the V53C511816500
ideally suited for a wide variety of high performance
computer systems and peripheral applications.

Operating Package Outline Access Time (ns) Power
Temperature Temperature
Range K 50 60 70 Std. Mark
0°Cto 70 °C hd e d * hd Blank
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MOSEL VITELIC V53C511816500
VvV 53 51 1 816500 K
MOSEL-VITELIC — |
MANUFACTURED DRAM OPERATING PKLG_
FAMILY VOLTAGE
ORGANIZATION K=80J

C = CMOS PROCESS 1M x 16 EDO REFRESH

51=5V
42-Pin Plastic SOJ Pin Names
PIN CONF ’3}”“ TION Ap—Ag Row, Column Address Inputs
Top View RAS Row Address Strobe

Vee O 42 [0 Vss UCAS Column Address Strobe/Upper Byte Control
1701 O 2 41 ] /O1s LCAS Column Address Strobe/Lower Byte Control
1102 [ 3 40 [J /015 — 5

/03 O 4 39 |1 1/O14 W_E Write Enable

/04 (s 38 [3 /043 OE Qutput Enable
Vee Lie 871 Vss /0y—1/0y5 | Data Input, Output

1105 O 7 36 [J /012 ¢ 15 PP

I/0s (] 8 35 [ 1/O14 Voo +5V Supply

/07 O] 9 34 [1 /010 V. OV Suppl!

1/0s O] 10 as [1 /09 S8 PPy

NC [ 11 32 I NC NC No Connect

NC Oz 31 [ 1 LCAS

WE {13 30 [1 UCAS
RAS [}14 29 [1 OE

NC [} 15 2811 Ae

NC s 2711 As

Ag 17 26 |1 A7

A1 18 251 As

Az g 241 As

Az [ 20 23] Ag
Vee [ 21 221 Vss

181608 02
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MOSEL VITELIC

Absolute Maximum Ratings*

V53C511816500

Capacitance*

Operating temperature range ................. 0to 70 °C Ta=25°C, Vpp =5V +10%, Vgg =0V, f=1Mhz
Storage temperature range ................. -5t0 150 °C
Soldering temperature ............cccecerireennnns 260 °C Symbol Parameter Min. | Max. | Unit
Soldering time T T R 10s Cis Address Input — | s pF
Input/output voltage ....-0.5 to min (V oc+0.5, 7.0) V
Power supply voltage ..............cc......... -1.0t07.0V Cine | RAS,UCAS,LCAS, | — | 7 | pF
Power dissipation .........ccccceevvvveeriicneniieeenne.. 10w WE, O
Data out current (short circuit) ..................... 50 mA Cour | Data Input/Qutput — 7 pF
"Note: Operation above Absolute Maximum Ratings can *Note: Capacitance is sampled and not 100% tested.
adversely affect device reliability.
Block Diagram
1024 x 16
OE ©
WE ©
UCAS ©-
LCAS L
RAS RAS CLOCK CAS CLOCK WE CLOCK OE CLOCK
L~ GENERATOR GENERATOR GENERATOR GENERATOR
VGG 0—=
Vgg 00— l 4
DATA I/O BUS [ 0VO1
—0 VO
> COLUMN DECODERS 0 1i0g
Yo SENSE AMPLIFIERS 1o
1
REFRESH © 06
COUNTER 0 1107
1024 x 16 /O —0 1/Og
JLw BUFFER [—ou0s
—0 1/01g
A0 o g% - —0 1044
LU}
Alow| uwQ Xo-xo| @ 1024 —° 042
| 58 z W MEMORY 0013
P —__17> o8 :> ARRAY 01044
: A o 1024 x 1024 x 16 —0 1045
A 0| HE @ 011044
On
A9 O] 2 <Zt
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MOSEL VITELIC

DC and Operating Characteristics (1-2)
Ta=0°Cto 70°C, Vg =5 V£ 10%, Vgg = 0V, unless otherwise specified.

V53C511816500

V53C511816500
Access
Symbol | Parameter Time Min. Typ. Max. | Unit | Test Conditions Notes
Iu Input Leakage Current -10 10 HA Vgs< VNS Ve
(any input pin)
lo Output Leakage Current -10 10 HA | Vgs<Vour < Vee
(for High-Z State) RAS, CAS at Vi
lect Vee Supply Current, 50 200 mA | tge = tge (Min.) 2,34
Operati
perating 60 180
70 160
lec2 Ve Supply Current, 2 mA | RAS,CASatVy
TTL Standby other inputs 2 Vgg
lecs Vcc Supply Current, 50 200 mA | tge =tge (Min.) 2,3,4
RAS-Only Refresh 60 180
70 160
leca Vec Supply Current, 50 90 mA [ Minimum Cycle 2,34
EDO P.age Mode 60 75
Operation
70 60
lecs Vpp Supply Current, 1.0 mA | RAS2Vge-02YV,
CMOS Standby CAS2Vge-02V
lces Average Self Refresh 1.0 mA
Current CBR cycle with
tRAS > IRASS min.,
CAS held tow, WE =
Voo — 0.2V, Address
and DIN = Vcc -0.2V
or 0.2V
lecz Ve Supply Current, 50 200 mA 2,4
dun'ng CAS-before-RAS 60 180
Refresh
70 160
Vi Input Low Voltage -0.5 0.8 v 3
Vig Input High Voltage 2.4 Vect0.5] V 3
Voo Qutput Low Voltage 0.4 A oL=42mA
Vou Output High Voltage 24 \ oy =-5.0 mA
V53C511816500 Rev. 1.0  November 1996 4
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MOSEL VITELIC V53C511816500
AC Characteristics
Ta=0°Cto 70°C, Voo = 5 V £5%, Vgg = OV, 1 = 5ns unless otherwise noted
JEDEC 50 60 70
# | Symbol | Symbol | Parameter Min. | Max. [ Min. | Max. | Min. | Max. | Unit | Notes
1 1 talipmr | tRas RAS Pulse Width 50 | 10K | 60 | 10K| 70 { 10K | ns
2 | talene tae Read or Write Cycle Time 84 104 124 ns
3 | tarzre | tmp RAS Precharge Time 30 40 50 ns
4 | tavcrt | tosH CAS Hold Time 40 60 60 ns
5 | toicwt | toas TAS Pulse Width 8 | 10K | 10 [10K| 12 | 10K]| ns
6 | thiices | tmep RAS to CAS Delay 12 |37 | 14145 | 14| 53| ns 12
7 | twhzee | tRes Read Command Setup Time 0 0 0 ns
8 | tavRLz tash Row Address Setup Time 0 0 0 ns
9 | taiax tran Row Address Hold Time 8 10 10 ns
10 | tavere tasc Column Address Setup Time 0 0 (o] ns
11| topiax tcan Column Address Hold Time 8 10 12 ns
12 | teLirnim| trsm RAS Hold Time 13 15 17 ns
13 | tororiz | tore CAS to RAS Precharge Time 5 5 5 ns
14 | toHowx tacH Read Command Hold Time 0 0 9] ns 9
Referenced to CAS
15 | tprowx treH Read Command Hold Time 0 0 0] ns 9
Referenced to RAS
16 | tory tcon Output Hold after CAS LOW 5 5 5 ns
17 | taL1qv toac Access Time from OE 13 15 17 | ns
18 | toiav | teac Access Time from CAS 13 15 17 | ns | 7,12
19 | tg 1qv trac Access Time from RAS 50 60 70 | ns | 7,12
20 | tavav tcaa Access Time from Column Address 25 30 35 | ns 7,13
21 | torigx toLz CAS to Low-Z Output ] 0 0 ns 7
22 | topeax torr Output Buffer Turnoff Delay 0 13 0 15 ] 17 1 ns 8,10
23 | o1z toze Data to CAS Low Delay 0 ] 0 ns 15
24 | trLiav traD RAS to Column Address Delay Time 10| 25 | 12 1 30 ] 12| 35 | ns 13
25 | tgi00z oez Output Buffer Turnoff Delay from OE 0 12 0 15 0 17 | ns
26 | twircHt | fowe Write Command to CAS Lead Time 13 15 17 ns
27 | Wwiicte | twes Write Command Setup Time 0 0 0 ns "
28 | torqwhr | twen Write Command Hold Time 8 10 10 ns
29 | twowm | twe Write Pulse Width 8 10 10 ns
30 | tgLi0z toeo Data to OE Delay 0 0 0 ns 15
31 | twimmr | tRwe Write Command to RAS Lead Time 13 15 17 ns
V563C511816500 Rev. 1.0 November 1996 5
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MOSEL VITELIC V53C511816500
AC Characteristics (continued)
JEDEC 50 60 70
# | Symbol | Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max.| Unit { Notes
32 | tovwLz tpg Data in Setup Time 0 0 0 ns 10
33| twLipx ton Data in Hold Time 8 10 12 ns 10
34 | twaez | twon Write to OE Hold Time 12 15 17 ns
35| torernz | tPRwe EDO Page Mode Read-Write Cycle Time 57 68 77 ns 15
36 | tporle trwe Read-Modify-Write Cycle Time 113 138 162 ns
(RMW)
38 toiwe | town CAS to WE Delay 27 32 36 ns 11
39| taiwie | tRwo RAS to WE Delay in Read-Modify-Write 64 77 89 ns 19
Cycle
40 | tavwiz | tawo Col. Address to WE Delay 39 47 54 ns 11
41 | torocte tpe EDO Page Mode Read or Write Cycle Time | 20 25 30 ns
42 | topoce | top CAS Precharge Time 8 10 10 ns
43 | tavamr tcar Column Address to RAS Setup Time 25 30 35 ns
44 | toreqy tcap Access Time from Column Precharge 27 32 37| ns 7
48 |t | tesm CAS Setup Time CAS-before-RAS Refresh | 10 10 10 ns
47 | tapocie | thec RAS to CAS Precharge Time 5 5 5 ns
48 | talicHt | term CAS Hold Time CAS-before-RAS Refresh 10 10 10 ns
50 | tanociz | trase RAS Pulse Width (EDO Mode) 50 | 200K| 60 |200K| 70 |200K| ns
51| tarzce | tance CAS Precharge Time to RAS Delay 27 32 37 ns
52 | tmrece | tePwo CAS Precharge Time to WE 41 49 56 ns 11
53| tprocie | tepr CAS Precharge Time 35 40 40 ns
(CBR Counter Test)
54 | tRocie | twee Write to RAS Precharge time 10 10 10 ns
(CRB Cycle)
55| tapocre | twre Write Hold time ref. to RAS 10 10 10 ns
(CRB Cycle)
56 | thuacte | tcoo TAS High to Data delay 10 13 15 ns 16
57 | tpocie | toop OE High to Data delay 10 13 15 ns 16
581 tv tr Transition Time (Rise and Fall) 1 50 1 50 1 50 | ns
59 trer Refresh Interval (1024 Cycles) 16 16 16| ms
V53C511816500 Rev.1.0 November 1995 6
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MOSEL VITELIC V53C511816500

AC Characteristics (continued)

50 60
JEDEC 0
# | Symbol | Symbol | Parameter Min. { Max. | Min. | Max. | Min. I Max.| Unit | Notes
Self Refresh AC Characteristics (Optional)
60 trass RAS Pulse Width During Self Refresh 100K 100K 100K ns
61 trps RAS Precharge Time During 95 110 130 ns
Self Refresh
62 tons CAS Hold Time Width During -50 -50 -50 ns
Self Refresh
V53C511816500 Rev. 1.0 November 1996 7
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MOSEL VITELIC V53C511816500

Notes:

1.

All voltage are referenced to Vgg.

2. lect: leea leca and Igeg depend on cycle rate.

3. lcey and lggy depend on output loading. Specified values are measured with the output open.

4. Address can be changed once or less while RAS =V, . In the case of Io¢, it can be changed once or less during a
hyper page mode cycle (tpc).

5. Aninitial pause of 200 ps is required after power-up followed by 8 RAS cycles of which at least one cycle has to be
a refresh cycle, before proper device operation is achieved. In case of using internal refresh counter, a minimum of
8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required.

6. Viy(min.)andV, (max.)are reference levels for measuring timing of input signals. Transition times are also measured
between V| and V.

7. Measured with a load equivalent to 2 TTL gates and 50 pF (Vo = 0.8V and Vo = 2.0V).

8. torr (Mmax.) and togz (max.) define the time at which the outputs acheive the open-circuit condition and are not
referenced to output voltage levels.

9. Either tgoy or tgry Must be satisfied for a read cycle.

10. These parameters are referenced to the CAS leading edge in early write cycles and to the WE leading edge in
read-write cycles.

1. twcs. tawp: town: tawp @nd tepwp are not restrictive operating parameters. They are included in the data sheet as
electrical characteristics only. If {ycg > twag (min.), the cycle is an early write cycle and the I/O pin will remain open-
circuit (high impedance) through the entire cycle; if kwp > trwp (Min.), towp > towp (Min.), tawp > tawp (Min.), and
tepwp > tepwp (Min.), the cycle is a read-write cycle and I/O pins will contain data read from the selected cells. If neither
of the above sets of conditions is satisfied, the condition of the I/O pins (at access time) is indeterminate.

12.  Operation within the tgcp (max.) limit ensures that gac (max.) can be met. {zep (Max.) is specified as a reference
point only: if {gcp is greater than the specified iggp (max.) limit, then access time is controlled by t:ac.

13. Operation within the tgap (Max) limit ensures that tg 5 (max.) can be met. tgap (Max.) is specified as a reference point
only: if tgap is greater than the specified tgap (max.) limit, then access time is controlled by 4.

14. AC measurements assume t; = 5 ns.

15. Either ipz¢ or thzo must be satisfied.

16. Either topp or topp Must be satisfied.

17. When using Self Refresh mode, the following refresh operations must be performed to ensure proper DRAM
operation:
If row addresses are being refreshed on an evenly distributed manner over the refresh interval using CBR refresh
cycles, then only one CBR cycle must be performed immediately after exit from Self Refresh.
If row addresses are being refreshed in any other manner (ROR — Distributed/Burst; or CBR — Burst) over the refresh
interval, then a full set of row refreshes must be performed immediately before entry to and immediately after exit from
Self Refresh.

18. tofr is referenced from the rising edge of RAS or CAS, whichever occurs last.

V53C511816500 Rev. 1.0 November 1996 8
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MOSEL VITELIC

Waveforms of Read Cycle

V53C511816500

- tRC -
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Waveforms of Early Write Cycle
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V53C511816500 Rev. 1.0  Navember 1996

9

M L353391 0004444 590 HH

3762 05



MOSEL VITELIC V53C511816500
Waveforms of OE-Controlled Write Cycle

tre

tRAs } trp
- VIH — x AR } p
RAS ViL — 1— .
4 t = tRsH ™ t
RCD -le =
— —— V| — o Tﬁ— - tcas ———» / o
UCAS, LCAS \ ] \
viL — T\ C
la— tRAD 1CAR
-t tRAH |<—>— tcAH
tasR —f= - — tasc
ViH —
ADDRESS ViL — ROW ADDRESS KXX COLUMN ADDRESS WW
[ WL —————

e— tRWL
d—tvvp——b

w = 77177 TTTTTTTTT LTI

n—
o w_ [/ NLLLLL
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toED re— tpH —
tos
Vin — 3
P D S (4144141 AT AN Nel
376206
Waveforms of Read-Modify-Write Cycle
tRwe
-t tRAS F— tRP
_ ViH— AR
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tc - tosH >
RP —'4—» [——— tRCD tRSH l*J—— tcrRP
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1
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1z 3762 07
V53C511816500 Rev. 1.0 November 1996 10

B E35339]1 0004845 427 W



|
MOSEL VITELIC V53C511816500
Waveforms of EDO Page Mode Read Cycle
tRASP [— tRp —=|
____ Vi — taR
RAS N W j \_
3«———1; tRCD trc l - tRHCP —+ ——— —

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

Waveforms of CAS-before-RAS Refresh Counter Test Cycle
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MOSEL VITELIC
Waveforms of Hidden Refresh Cycle (Read)
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Waveforms of Hidden Refresh Cycle (Write)
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MOSEL VITELIC
Waveforms of Self Refresh Cycle (optional)

V53C511816500
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Functional Description

The V53C511816500 is a CMOS dynamic RAM
optimized for high data bandwidth, low power
applications. It is functionally similar to a traditional
dynamic RAM. The V53C511816500 reads and
writes data by multiplexing an 20-bit address into a
10-bit row and a 10-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). Because 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 or aborted before the minimum tgag time has
expired. This ensures proper device operation and
data integrity. A new cycle must not be initiated until
the minimum precharge time tgp/tep has elapsed.

V53C511816500 Rev. 1.0 November 1996

15

3762 16

Read Cycle

A Read cycle is performed by holding the Write
Enable (WE) signal High during a RAS/CAS
operation. The column address must be held for a
minimum specified by tyg. Data Out becomes valid
only when toac, tracs toaa @and toac are all satisifed.
As a result, the access time is dependent on the
timing relationships between these parameters. For
example, the access time is limited by tops When
trac, toac and toac 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 controlled 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 CAS, whichever occurs last. in the CAS-
controlled Write Cycle, when the feading edge of
WE occurs prior to the CAS low transition, the 11O
data pins will be in the High-Z state at the beginning
of the Write function. 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 toep must be satisfied.
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Extended Data Output Page Mode

EDOPage operation permits all 1024 columns
within a selected row of the device {0 be randomly
accessed at a high data rate. Maintaining RAS low
while performing successive CAS cycles retains the
row address internally and eliminates the need to
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, eliminating tagc and ty
from the critical timing path. CAS latches the
address into the column address buffer. During
EDO 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 Hyper Page Mode, access is tcaa OF tcap
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 specified by tcap. If the
column address is valid after the rising CAS edge,
access is timed from the occurrence of a valid
address and is specified by tcaa. In both cases, the
falling edge of CAS latches the address and
enables the output.

EDO provides a sustained data rate of 50 MHz for
applications that require high bandwidth such as
bit-mapped graphics or high-speed signal
processing. The following equation can be used to
calculate the maximum data rate:

1024
Data Rate= ——M —
tRC + 1023 x tpc

Self Refresh

Self Refresh mode provides internal refresh
control signals to the DRAM during extended
periods of inactivity. Device operation in this mode
provides additional power savings and design ease
by elimination of external refresh control signals.
Self Refresh mode is initialed with a CAS before
RAS (CBR) Refresh cycle, holding both RAS low
(trass) and CAS low (tcyp) for a specified period.
Both of these parameters are specified with
minimum values to guarantee entry into Self
Refresh operation. Once the device has been
placed in to Self Refresh mode the CAS clock is no
longer required to maintain Self Refresh operation.
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The Self Refresh mode is terminated by returning
the RAS clock to a high level for a specified (tgpg)
minimum time. After termination of the Self Refresh
cycle normal accesses to the device may be
initiated immediately, poviding that subsequest
refresh cycles utilize the CAS before RAS (CBR)
mode of operation.

Data Output Operation

The V53C511816500 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 BAS 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 /O path and the output driver if it is
enabled. A CAS low transition while RAS is high has
no effect on the I/O data path or on the output
drivers. The output drivers, when otherwise
enabled, can be disabled by holding 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, it is necessary to use OE to disable the
output drivers prior to the WE low transition to allow
Data In Setup Time (tpg) to be satisfied.

Power-On

After application of the V¢ supply, an initial
pause of 200 ps is required followed by a minimum
of 8 initialization cycles (any combination of cycles
containing 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 V53C511816500 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 Vg or be held at a
valid V|, during Power-On to avoid current surges.
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Table 1. V53C511816500 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-Controlled Write
Cycle {Late Write)

OE Controlled. High
OE = High-Z /0s

Read-Modify-Write
Cycles

Data from Addressed
Memory Cell

EDO Read Cycle

Data from Addressed

Memory Cell
EDO Write Cycle High-Z
(Early Write)
EDO Read-Modify- Data from Addressed
Write Cycle Memory Cell
RAS-only Refresh High-Z

CAS-before-RAS
Refresh Cycle

Data remains as in
previous cycle

CAS-only Cycles

High-Z
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V53C511816500
Package Diagram
42-pin 400mil SOJ
. 27.41 -0.25 »
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1. Does not include plastic or metal protrusion of 0.15 max per side.
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