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DESCRIPTION

The HY53C464 is a high speed 65,536X4
bit CMOS dynamic random access memory.
Fabricated with HYUNDAI CMOS techno-
logy, the HY53C464 offers a fast page mode
for high data. bandwidth, fast usable speed,
CMOS standby current and, on request exte-
ned refresh for very low data retention power
(HY53C464L). _

All inputs:and outputs are TTL compatible.
Input and output capacitances are significantly
lowered to allow increased system performa-_
nce.

Fast page mode operation allows random ac-
cess of up to 256(X4) bits within a- row with
cycle times as fast as 50 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 relaxing
many critical system timing requirements for
fast usable speed. These features make the
HY53C464 design is optimized suited for gra-
phics, digital signal processing and high perfor-
mance computing system.

The HY53C464 L offers a maximum data re-

FEATURES
* Low pdwer dissipation for HY53C464L
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" — Operating Current, 100ns : 50mA (max.)
= TTL Standby Current : 2mA (max.)
~ CMOS Standby Current : 1mA (max.)
. Read-Modlfy-Wnte Capablllty

~ * RAS-only, Hidden, CAS-before-RAS

Refresh Capability

"+ Fast Page Mode operation for a sustained data

rate- up to 20 MHz

* 256 Refresh cycles/4 ms

* High reliability 18 pin 300 mil P-DIP and 18 pm
PLCC

» Fast access time and Cycle time (ns)

Max.RAS Access -

Time, trac 70 ) 80 . 100 120
*| Max.CAS Access

Time, tcac. 25 - 39 35 40

Min.Fast Page Mode E ;

Cycle Time, tec - 50 55 65 . 75

Min Cycle Time, tge| 130 “145 175 205

' PIN CONNECTIONS

tention power of 5mW when operating inCMOS: b‘é[i ~ 8
standby mode and performs RAS-only or CAS- odle 1
before-RAS refresh cycels. This mode is ente-’ s .
red by holding RAS at a voltage greater than _ WECl4 15
Von-0.2 when it is inactive. mASCls .
. B R . ]
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. HYS3C464 65,536X4-Bit CMOS DRAM

" ABSOLUTE - MAXIMUM - RATINGS |

Ta Ambient Temperature Under Bias 01070 .

Ts1G Storage Temperature(Plastic) ) © —5510 125 e
VIERM Voltage on Any Pin Except Vpp Relative to Vss =10 to 7.0° -V
Vbo - ‘Voltage on Vpp Relative to Vss © -0t 70 v
Tour " | Data Out Current ‘ , T .50 mA
Pr . Power Dissipation . ] . A R X1 W

NOTE :
1. Operation at or above Absolute Maximum Ratings can adversely affect device refiability.

DC CHARACTERISTICS . o
(TA=0C to 70C, Vpp="5V+ 10%, Vss=0V, unless otherwise noted.)

| SYMBOL | -
AT | Input Leakage Current(any input pin)} Vss<Vin<Vpp o — 10 uA
Mo O}xtput Leakage Current for » \ééwgvnp . = 10 uA
. High Impedance State ~ RAS, CAS at Vi
' ’ -0 | — 70
Ipp: | Vo Supply Current; Operating ~ | tre=trc(inin.) _?g = 3 mA 1,2
=12 — 45
Ipp2 Vpbp Supply C_urre'm, 'lTL St%.lndbyv 'oRt‘:eS; E:itsa;\\/‘;l:’ : gggﬁL : 3 mA
) , ’ —70. | o= 70
tops \E,Supply Current, v tre=tre(min) - —80’ — 60 . . mA 5
RAS-only Refresh o : =10 =] 50
—-12 - 45
. —-70 — - 45
Ipp4 Voo Supply Cgrrent, Minimu‘xn Cycle v i —% - 0 mA 1,2
Fast Page Mode - ‘ -10 - 35
E ' : | -2 — 30
toos Vpp Supply Current, o szDD-p;ZV, CAS=|HY53C464 - -2 A
| CMOS Standby . Vi, other inputs>Vss  [HY53C464L - 1
' - 1 -0 — 70
os | 20 SuPPY Curent, | tre=tre(min) sl = LS |2
CAS-Before-RAS Refresh ) —10 - 50
o o , —12 — | 4
ViL InputLow Voltage(all inputs) . . -1 0.8 \Y
"Viu {Input High Voltage(all inputs) : : : 1 24 | Vpp+l \Y%
JOL Output Low Voliage ) Top=4.2mA . . - 04 v
Vou Output High Voltage o Ion=—5mA o 24 — v
NOTES : )

1. Ipp is dependent upon output loading when the device output‘ is selected. Specified IDD(_max.) is measured with the dutput open. )
2, Ipp is dependent upon thé number of address transitions. Specified Ipp(max.) is measuréed with 8 maximum of two transitions per address cycle in Fast Page
Mode. . .
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AC CHARACTERISTICS
(Ta=0°C to 70°C, Vop=35V+ 10%, Vss =0V, unless otherwise noted. h)

1 trAS RAS Pulse Width ~ 70| 7SK | 80 | .75K'{ 100- [.75K | 120 75K ns
2| tre Read or Write Cycle Time - 130 4‘ — 145 | — 1751 — 205 | —. ns
' 3| e RAS Precharge Time o 50— 550 — | 65 | — 751 = | ns
4| tcsu | CAS Hold Time 70| — 80 — 1100 = | 120 — ns
5| tcas | CAS Pulse Width 25 = ] 30— ] 35 | a0 — | ns
6| trep | RAS to TAS Delay : 25| 45 25150 251 65 [ 30| 8 [‘ms | 1
71 tres Read Command Setup Time 0+ — 0 — 0 = 0 — ns
81 tasr Row Address Setup Time 0 = 0 — 1 o — 0 — ns
9| tran Row Address ‘Hold Time : 15— 15 | = 15— ] 20| — [ ns
10 | tasc Column Address Setup Time . 0 = [ 0= 0 — 0 - ns. .- . 3
11| tcan Column Address Hold Time 1§ — 15 —_ 20 | - 25 — ns
12| trsuery | RAS Hold Time in Read Cycle = 5 ) — 30 =13l —al ] s
13 | tcre CAS o RAS Precharge Time ] .15 — 15 = 15 - .20 - ns
14| tich Read Command Hold Time Referenced to CAS. 5 — 5 — 5 — 5 —_ ns 2
‘ 115 trru Read Command Hold Time Referenced to RAS - 5 — 5 = 5 —-| ns 2
16 | trou m‘Hold Time Referenced to OE 0 ) = - 0| - 0 — | ns
17| toac’ | Access Time from OE — s | — ]2 | =23
18 | tcac Access Time from CAS. ' - 257 =730 - 35— 40 ns 34
19 trac | Access Time from RAS b=l =80 =10 [ = [ 120 | ns | 356
20| tar | Access Time from Column Address | — | 35 |.— | 40 | = [ a5 | =77 55 | ns 34,7
21 4z - OE or CAS to Low-Z Output 0O — -0 = 0} — — ns 13
2 tuz OE or TAS to High-Z Output 0 |15 0.]-20.| 0. 25 0130 | ns | 13
23| tar Column Address Hold Time from RAS 55 - 60 — 70 - 80 — ns
24 | trap RAS to Column Address Delay Time 20 35 20| 40 20| 55 25 65 ns 8
25| trsuow) | RAS Hold Time in Writé Cycle 25— 130 = 3 | — | 40| = [ us
26| tewi Write Command to CAS Lead Time . 25 — 30 — 35 ~— 40 —_ ns
27 | twes Write Command Setup Time 0 — [V - 0| — 1] - ns | 9,10
28 | twen Write Command Hold Time . 15 — 15— 20 | — 25| — ns o
291 twp Write Pulse Width : s | = 15 =~ | 20 =125 | = | ns
30| twer Write Command Hold Time from RAS 55 — 60. =t = so -— ns 138
31| trw Writ Command to RAS Lead Time 25— 0.0 = 35 = 40 | = | ns
32| tos Data In Sctup Time ~ Ol — | o = o] — 0| — | ns | n
33| tpn - | Data In Hold Time ) ’ 15 — 15 - 200 — 25 - ns 1
34| twon | Write to OF Hold Time 20| — | 20| — 250 =3~ |ns | 11
35| toep | OE to Data'Delay Time 204 — 25 — | 30 < [ 35| ~ | ns 11
36 | tawc | Read-Modify-Write Cycle Time = | 195 — 225 | —~ 1265 |-~ |305 | — | ns
37| trgw | Read-Modify-Write Cycle, RAS Pulse Wldth 125 — ] 145 — 1757 —= | 208 — ns |
38| tewp | CAS to WE Delay 50 — 6| =l 70] =] 80| =]|n| 9 |
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sl HYS3C46470 | HY53C464:80 Hvsscm‘w HYS3C46412

39 | trwp | RAS to WE Delay in Read-Modify-Write Cycle 95 — .1 110 — 135 — | 160 — | ns 9
40 | tcrw | CAS Pulse Width(RMW) ‘ 80 | — | 95 | — M0 | = 125 | — | ms

41| tawn | Column Address to WE Delay w0 | — | 0| —| 8| — | 8| — |0 | 9
421 tpc Fast Page Mode Read or Write Cycle Time 50 — {55 — 65 | — 75| — ns :
43| tcp CAS Precharge Time 15 - 15 | — 20 | — 25 — ns .

44| tpar - Column Address to RAS ].ﬂad Time 35 —_ 40 - 45 — 55 - ns

45 | tcap Access Time from Column Precharge — 45 - 50 — 55 - 65 ns 4
46| ton | Data In Hold Time Referenced to RAS | 55 | — | 60 | — | 70| — | 80| — | »ns

47| tesr | CAS Setup time; CAS-before:RAS Refresh 10| — 106} — {10}~ |10 ]| —|mb

48 | tapc RAS to CAS Precharge Time 0] = ol — 10| — 0 —~ | ns

49 | tcur | CAS Hold Time CAS-before-RAS Refresh 20| — | 25| = || -] —|n

50 ¢ tpcm Fast Page Mode Read-Modify-Write Cycle Time 105 — 120 - 140 | ~ 165 —_ ns

51| tr Transition Time(Rise and Fall) -~ . 3925 3125 3| 25 3125 | ns 12
52 tr Refresh Interval(256 Cycles) = 4 - 4 — 4 - 4 ms 14

NOTES : :
. trep(max.) is specnfed for reference only. Operation’ within trep(max.) limits insures that t(Rac (max. ) and tpa(max.) ‘can be met. If trep is greater than the
specified trep(max: ), the access time is controlied by taa and tCAC.
2. Either tggH or IRCH must be satisfied for a read cycle to occur.
. Measured with a joad equivalent 1o two TTL inputs and 100 pF.
. Access time is detérmined by the Jonger of 1AA . lCAC OT ICAP-
. Assumes that tgAD<tRAD(max.). If tRAD is greater than tRAD{max.), tRAC will increase by the amount that tRAD exceeds tRAp(max.).
. Assumes that trep <tReD(max.). If tirCD ‘is greater than trep(max.), ‘RAC will incréase by the amount that tRep exceeds trep(max. ).
7. Assumes that tgAp2tRAD{MAX.). R
, Operation within'the tr ap{max.) limit ensures that tpoc(max:) can be met. lRAD(max 3 is specified as a reference point only. 1f IRAD is greater than the specified
trap(max.) limit, the aceess time is controlled by taa and tCAC. : ’
9, twes: tRwDs tawp and towp are no restrictive operating parameters
10. tycs(min.) must be satisfied in an Early Write Cycle.
11. tpg and tpy are referenced to the latter occurrence of CAS or- WE :
12. t is meastred between Vip(min.) and ViL(max.): AC-measurements assume tT= =5ns.
13. Assumes a three-state test load(5 pF and a 380 Ohm Thevenin equivalent) .
14. An initial 200us pause and 8 RAS-containing cycles are required when exmng an extended period of bias without clocks. An-extended period of time without clocks
is defined as one that exceeds the specified Refresh Interval. ’

’ CAPACITAN CE(”
(Ta=25C, Vpp=5Vz 10/0, Vss—-OV unless otherwise noted.)

Address, Din
RAS, CAS, WE, OE

Dour

NOTES : : -
1. Capacnance is measured at the worst case of voltage levels with a programmable capacitance ‘meter.
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o
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- FUNCTIONAL DESCRIPTION

- The HY53C464 is a CMOS dynamic RAM op-

- timized for high data bandwidth, low power ap-
plications: Tt is functionally similar to a tradi-
tional dynamic RAM. The HY53C464 reads and
writes data by multiplexing a 16-bit address into
a 8-bit row and a 8-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 brmgmg RAS
low. Any memory cycle, once initiated, must
not be ended or aborted before the minimum
fras time has expired. This ensures proper de-
vice operation and data integrity. A new cycle
_ must not be initiated until the minimum pre-
charge time' tze/tce has elapsed.

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 spécified by tar.
Data out becomes valid only when toac, taa and
tcac are all satisfied. As a result, the access time
is dependent on the timing relationships bet-
ween these parameters. For example, the access
time is limited by taa When trac, teac 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 can be
WE controlled or CAS controlled depending
on whether'WE or CAS falls later. Consequen-
tly, the input data must be valid at or before
the falling edge of WE or CAS, whichever oc-

328
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_curs 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 will
be in the High-Z state at the beginning of the
write functionl. Ending the write 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 toso must be satisfied.

REFRESH' CYCLE

To retain data, 256 refresh cycles are required

" in each 4 ms period. There are two ways to ref-

resh the memory.

-1. By clocking each of the 256 row addresses(Aq

through A,) with RAS at least once every
4ms. Any read, wrtie, read-modify-write or
RAS-only cycle refreshes the addressed row.

2. Using a CAS-beforé-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 is. activated.
The HY53C464 will use the output of an in-
ternal 8-bit counter as the source of row add-
resses and ignore external address inputs.

- CAS-before-RAS is a “refresh-only” mode

- and no-data access-or device selection is allo-
“wed. Thus, the output will remain in the High-
. Z state during the cycle. A CAS-before-RAS

counter test mode is provided to ensure rehable -
opération of the internal refresh counter. ‘

DATA RETENTION MODE

The HY53C464 offers a CMOS standby
mode that is entered by causing the RAS clock -
to swing between a valid Vi and an “extra

. high” Vi within 0.2V of Vpp. While the RAS

clock is at the “extra high” level, the HY53C464
power consumption. is reduced to the low Inps
level. Overall Ipp consumption when operating
in this' mode can be calculated as foolows :

(tRC) X (I aCthC) + (trx— tRc) X (IDDS)

trx

Where tre=Refresh Cycle Time
tex=Refresh Interval/256
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“FAST PAGE MODE OPERATION

Fast page mode operation permits all 256
columns within a selected row of the device to
be randomly accessed at a high data rate. Mai-
ntaining 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 tran-
sparent 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 tasc and t; from
the critical timing path. CAS latches the add-
ress 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
mdde, access is taa Or tcap controlled. If the co-
lumn address is valid prior to the rising edge
of CAS, the access time is referenced to the
CAS rising edge.(Specified by tcar as shown in
figure 1). If the column address is valid after
the rising CAS edge, access is timed from the

occurrence of the valid address and is specified

by tas. In both cases, the falling edge of CAS
_latches the address and enable the output.
Fast page mode provides a sustained data
rate of over 20 MHz for applications that re-
quire high data rates such as bit-mapped gra-
phics or highspeed signal processing. The follo-

wing equation can be used to calculate the ma-

ximum data rate:

256

‘Data Ra“." tac 255Xt

| T-46-23-17

DATA OUTPUT .OPERATION

_ The HY53C464 input/output is controlled by
" OE, CAS, WE and RAS. A RAS low transition
_enables the transfer of data to and from the se-
lected row address in the memory array. A RAS

. high transition disables data transfer and lat-

ches 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 /O’

path and the output driver if it is enabled. A
- CAS low transition while RAS is high has no
~effect on the 1/0 data path or on the output dri-

vers. The output drivers, when otherwise enab-

led, can be disabled by holding OE high. The

OE signal has no efféct‘on any- data stored in

the output latches. A WE low level can also di-

sable the outpu drivers when CAS is low. Du-,

ring 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(tps)

to be satisfied.

POWER .ON

After application of the Voo an initial pausé of

200ps 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 clcocks(greater than the Refresh
‘Interval). .

During power on, the Vpp current require-
ment of the HY53C464 is dependant on the input
levels of RAS and CAS. If RAS is low during

power on, the device will go into an active cycle

and Ipp will exhibit current transients. It is re-

commended that RAS and CAS track with Voo

. or be held at a valid Vix during power on to

avoid ‘current surges.
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TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES -

Read Cycle Data from Addressed Memory Cell -~
CAS-Controfled Write Cycle(Early Write) High-Z’

WE-Controlled Wirte Cycle(Late Write) ‘OF Controlled, High OE=High-Z 1/O
Read-Modify-Write Cycle : " Data from Addressed Memory Cell
Fast Page Mode Read Cycle . : Data from Addressed Memory Cell
Fast Page Mode Read-Modify-Write Cycle Data from Addressed Memory Cell
RAS-only Refresh Cycle , o High-Z

CAS-Before-RAS Refresh Cycle ) Data Remains as in Previous Cycle'
CTS-only Cycle - High-Z :

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION

—>| —tcan —

. tean |+—
; i
A—A o VALID COLUMN p ‘ o VALID COL
0T . ADDRESS ADDRESS
) ) 1 te a4 - .
Dour _ o HIGH-Z 1 VALID - J VALID'),
. \‘ DATA / ) ] A DATA /
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PACKAGE INFORMATION N
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