HYUNDAI ELECTRONICS

DESCRIPTION

The HY531000 is a high speed, low power . ..
1,048,576 X1 bit CMOS dynamic random ac-
‘cess' memory. Fabricated with the HYUNDAI
CMOS process, the HY531000 offers a fast
page maode for high bandwidth: operation, fast
usable speed, CMOS standby current, and
inherently high CMOS reliability. -

All inputs and output are TTL compatible..
Fast page mode operation allows random or
sequential access of up to 1,024 bits within a
row with cycle times as fast as 40ns. :

The HY 531000 design is optimized for cache -
based mainframe and minicomputers, graph-
ics, digital’ signal processing, and high pexform-
ance mxcroprocessor systeras.
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FEATURES
~* Low power dissipation

'51.E ]) - HE?ED&B DDDDI:]:]: "HJE' -HYNK

M171202B-JANG2

! 55mA(max.)
D 2mA(max.)
: ImA(max.)

- Operating Current, 100ns
.- TTL Standby Current
-CMOS Standby Current

oo Read-Modify-Wnte Capability

* RAS-only, Hidden, CAS—before-RAS Refresh

* Capability

* Common I/O capability

* Fast Page mode operation for a sustamed data rate
-up to 25 MHz -

* 512 refresh cycles/8 ms ;

* High reliability 300 mil 18 pin P-DIP and
20/26 pin SOJ

~* Fast access time and cycle time (ns)

Max RAS A
2 coess 60 70 80 100
Time, trac . ) -
Y ¢ AS Ai :
.ax CAS Access 2 20 2 25
Time, tcac .
Min Fast Page Mode
Cycle Time, tp¢ . 40 40 4 ;55
Min Cycle Time, trq 120 130 150 180 -
PIN CONNECTIONS
Din [0 \_/'18 jVSS )
WE (|2 17300yt
rﬁs[s 16[7]CAS Dy G o 26 OVss
. - WE 02 2580,
NC[j4 50A0 pwgcs 24 :Ic%SUT
_ Ha. -23PbwNe
Aol]5 - 14T Ag NG e 2hag
Aads  30a ,
CAelr o 120as e 1BhAg
17
AaEB‘ s :;E:? 16;%
s oba SEE kB
P-DIP SOJ
PIN NAMES

RAS - ROW ADDRESS STROBE

CAS COLUMN ADDRESS STROBE

WE WRITE ENABLE .

AG-Ay . | ADDRESS INPUT

Dy DATA INPUT

Doyt ~* | DATA OUTPUT

Voo POWER(+5V)

Vgs . |GROUND ~
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HY531000 1,048,576 1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

SYMB e
Ta Ambient Temperature 0 to 70 °C
TstG ~ Storage Temperature = —5510 150 °C

_ . ' | VIERM Volfage on Any Pin Relative to Vsg . =1.010 7.0 \'
Vop |- Voltage on Vpp Relative 6 Vs L —1.0t0 7.0 v
Tout Short Circnit Quiput Current e ) - 50 mA -
Pr i Power Dissipation. : . o o 06 w

“ NOTE : Stress above those listed under “Absolute Maximum Rating” might cause permianent damage to the device.

DC CHARACTERISTICS - » |
(Tx=0C to 70 °C, Voo=5V+ 10%, Vss=0V, unless otherwise noted.)

[ 1] | Input Leakage Current(any input pin) | Vss<Vin.<VpD ' S 10 A
ot O}ltput ].gakage Current for .| Vss< D;)UT <Vop - B o “A
High Impedance State RAS, CAS at Viy
' —60 -] 8
o ’ —70- {0~ 75
Ipot | Vop Supply Current, Operating tre=tre(min.) ; %0 - e mA 1,2
5 , ~10 - 55
Ioo2- | Voo Supply Current, TTL Standby - (‘;ﬁesr :l’;it:‘zvg'ss ' - 2.0 ma.
o ~ 60 - 85
Vpp Siipply Current, - . =70 - 75 : )
1p03 | R &S-only Refresh tec=tec(min) - -80 | .- 65 mA |2
’ 0| - 55
. . . =60 - 65
Ipa Voo Supply Current, Minimum Cycle =70 - — s mA 1,2
Fast page mode o . ) —80 = 45 :
. ' _ , —10 | = | 3
lons - Vo Supply Current, RAS zvm?—o,zv, CAS= 5 | mA
CMOS Standby . Viu, other inputs>Vss »
‘ A ' ~60 | - 8s
Vpp Supply Current, . o —=70 - 75 :
1o06 | EAS, Before RAS Refresh tee=tectming T T | A 2
‘ ' ' =10 - 55
S v Input Low Voltage(all inputs). . : -1 .| 08 v
Vi Input High Voltage(all inpuis) . - ) 24| Vpptl v
VoL | Output Low Voltage = . ToL=42mA - 04 Y
Vou Output High Voltage _ Ioy=—5mA" ' ’ 24 — \%
NOTES: ' )

I.'Ipp is dependent on ‘output loading when the device output is selected. Specified Ipp(max.) is measured with oﬁ(put open.
2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximdm of two transitions per address cycle in Fast page
mode. . ) -

- 3-66




 HYUNDAT ELECTRONICS ~ 5LE D WN 45?5033 0OODb13 785 MEHYNK
HY531000 - 1,048,576 1-Bit CMOS DRAM
T-46~23-15

AC CHARACTERISTICS
(TA—O C to 70°C, Vop=5V+ 10%, Vss-—OV unless otherwise noted)

1 1 RAS Pulse Wldth
-2 tre Random Read or Write Cycle Time 120 — 1130 i 150 —1-180 - s’
3| tre RAS. Precharge Time | 50 | =] 50| — .60 | = | 70.| - | ns
4 | tasg Row Address Set-up Time 0| - ol = 1lo =190 = ns
5| tran | Row Address Hold Time o =l = b s~ | ns
6 trar | Column Address to RAS Lead Time 30 - 35 - | 40 = |50 | — | ns
7| trap | RAS to Column Address Delay Tme 15 |30 1535 [ 15 ] 40 720750 | ns | 1
8 tasc Column Address Set-up Time 0 - 0 - 0 _ 0 1 =1 ns-} .
9 tcan - | Column Address Hold Time 5 |.= |15 75 1 =] 2 - ns
10| trcp | RAS to CAS Delay ‘ 20 | 40 ;20| 50 | 207 60 | 25 | 75| mns | 2
11| trac - | Access Time From RAS ' — 60 [ — 170 | = {80 |~ 100 ns | 345
12 taa Access Time From’ Column Address = 30 - 35 - 40 - 50 | ns 57
13| tcac | Access Time From CAS. = ]b2 | = |20 = .2 | =25 | ns | 56
14 tcas CAS Pulse Width 20 ] 10K | 20 [ 10K | 20 10K | 25 | 10K | ns
15| tren | RAS Hold Time o 20| —f'20 | = |2 | =2 | < | ns
16| Itrcs Read Command Set-up Time 0 - | .0 = 0 - 0 - ns
17| tren | Read Command Hold Time Referenced to CAS| 0 = 0 - 0 - 0 = |'ns 8
18| tgpu | Read Command Hold Time Referenced o RAS| 0 | = | 0| -~ 0 | — | 0 | — | ns | 8
19| - tcrp . | CAS to RAS Precharge Time s —ts = s =05} ns
20 toFF Output Buffer Turn Off Delay 1] 20 7.0 20 0 20 0 20 ns
21| tom Output Data Hold Time From CAS 0 = 0 — 0 - 0 - | ns
22| twe Write Pulse Width . : . 15 - 150 =715 - 20 - ns
23| tep CAS Precharge Time . 10 - 10 - 10 — 10 ~| ns
24| tar | Column Address Hold Time From RAS 50 | — |55 =60 | — |75 ) = ns:
- ' 125 twcr | Write Command Hold Time From RAS . 50 - 55 | = 60 - 75 =~ ns
‘ 26 twes Write Command Set-up Time 0 - 0 - 0 - 0 - ns 10
27| . twen | Write Command Hold Time Sl = s | = s = 20 — | ns '
28| " tps .| Data-In Set-up Time ' ) 0 - |0 - 0 - 0 - |'ns 11
‘ 29| ton | Dataln Hold Time B 5 |~ |15 | =15 =20 | = |n |1
] 30 tpir |- Data-In Hold Time Reference to RAS 50 - 55— 60 - 75 - ns
‘ 31| trwe | RMW Cycle Time s = Jass| = (s | —[210] = | ns
32 trwp | RAS to WE Delay in RMW Cycle 60 - 70 - 80 = | 100 = ns 10
; 33| tcwp - | CAS to WE Delay : ol =2 =~ ]2 ~]2 |~ n| 10
3| tawp | Column Address to WE Delay. | -l = e | =[s0] -] n | 10
35 l(fPA Access Time From CAS precharge - - 35 — 35 — 40 - 50--| ns 512

LR

367




 HYUNDAT ELECTRONTCS

"HY531000 1,048,576 X 1-Bit. CMOS DRAM

S1ED m ‘ur‘f&.‘?siﬁ‘]&éwtyﬁnbféiu 611 EEHYNK

36| tpc .: | Fast page mode Read or Write Cycle time | 40 = 40 - 45 bl §§ — | ns

37| teow | Fast page mode Read-Modify-Write Cycle | 65 | — | 65| — | 70 | — | 85 | — | ms

38| trwr | Write Command to RAS Lead Time 2| — | 20 - 20 | .— |25 - ns

39 tcwr | Write Command to CAS Lead Time 1 20 - 20 - 20 - 25 | — ns

40 | ‘trpc RAS to CAS Precharge Time ‘ -0 - 0 - 0 - 0 ~ | ms

41| dcsg. | CAS Setup Time(CAS Before RAS Cycle) 5 —~ 5 - 5 - 5 — | ns

42| torm. | CAS Hold Time (CAS Before RAS Cycle) | 15 | — |15 | — [ 15| — | 20| — ' ns

43| tcsp | CAS Hold Time L 60| — | 70| -] 8| - 100 - | ns

4 | tr Transition Time(Rise and Fall) 3 50 3.1 50 3 50 3 50 ns | 13,14
45| tciz .| CAS to output ini Low-Z o -l ol =]o| -0~ |m]|s
46| tger | Refresh Interval(512 Cycle) i ) = | .8 - 8 - 8 -1 8 ms 15
47|  trasp .| RAS Pulse Width Fast Page' Mode 60 |100K | 70 [100K | 80 /100K | 100 |100K | ns

48| tcpr | CAS Precharge Time (CBR Counter Test Cycle) | 40 | — | 40 | — | 40 | — | 50| — | ns
NOTES. :

1

[

(SR i Al

11
12,
13.
14,
15,

Operation within the 1g sp(max.) limit insures that tg ac(max.) can be met. tgap(max.) is specified as a referenced pointonly. If tgAp is greater than the specified
trap(max.) limit, then the access time is controlled by taa. ’ .

. Operation within the tp cp(max.) limit insures that trac(max.) can be met. tgcplmax.) is specified asa referenced point only. If frep is greater than the specified

trep(max.) limit, then the access time.is controlled by tcAC- .

Assume tpan<traD(max.). If tRAD is greater than trap(max.) then-tgac Will increase by the amount that t(RAD exceeds trap(max.):

Assume 1gcp<irep({max.). If trep is greater than trep(max:) then tgac will increase by the amount that tRcp exceeds tgcep(max.).

Measured with a load equivalent to two TTL loads and 100 pF. o N : :

Assumes that tgep ZtReD (max), tRAD Strap (max.)’

Assumes that tgep $trep(max.) and tRaD 2tRaD(max.) .

Either tRRH. Of tRCH must be satisfied for a read cycle. . ) .

toFF and toy define the time at which the data output achieves the open circuit condition and is not referenced: to the output voltage levels.

twCs IRWDy ICwD and tawp are not restriclive operating p They are included in the data sheet as electrical characteristics only : If twcs 2twes
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ;'if tgyyp 2trwp (min),

tewp Ztowp(min) and tawp Ztawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets

of conditions is salisfied, the condition of the data out (at access time)is indeterminate,

ips and tpy are referenced to the latter occurence of CAS or WE °

Access time is determined by the longer of taa, ICAC, OF tCPA-

tp is measured between Vyz(min.) and Vi (max.).

AC measurements assume ty=5ns. .

An initial pause of 200us is required after power-up.and followed by a minimum of § initialization cycles(any cc
as RAS-only refresh). 8 initialization cycles are required after. extended period of bias without clocks.

of cycles ining a RAS clock such

 CAPACITANCE

(Ta=25"C, VDD=5V£ 10%, Vss=0V, unless otherwise nioted)

Civi - Address, Data In : - ) 50 pF
Cmn2 S RAS, CAS, WE = , E 7 oF
Cour . Data Out ~ ° ) ' - . 7 pF

NOTE : Capacitance is measured at worst case of voltage lévels with a programmable capacitance meter,
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TIMING DIAGRAM ooerednls
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READ-MODIFY-WRITE CYCLE VTf %523 -15
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FAST PAGE MODEk READ ‘CYCLE

: v . ———tRaspy) — 4% - “—tregg > .
RAS Vik . !S . s B ) " traL®) / : .
Vi — — 45 — .

Vin —

: // { [ .
WE ViL ' — A - tcacia)——» 4—!0Acm)—>

v IcnuPugy - - tcsﬁ(q y—— : . ) . ~—— tRsHus—= )
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. | . 1
: I | tropuO—- 4—— toag(rj—n Bk —teaspy—=| . | [+—lcasngy—=|. . )
. : N . .
e Vi — : r‘ . : \
CAS . ) . : .
_ j’ I\ S J/ A b
. i | et tcanis : . <! tcane |t | tcargy :
tagaa o] |+ ——»’ -t tasc) o l " ) tascey—| |+— ) . .
V= T \RO coL . CoL - '
Aohe Vi — L ADD. ‘ADD ADD 444/ %, ADD ' /
- | . .
o «(-—» l*—tncsus; ]*15103(16) e l—lﬁcsw — > | tReke . ;
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. tpa(2) ——a

. !mcm) = loapias)
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——

. Dour
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FAST PAGE MODE EARLY WRITE CYCLE

1RP)
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HIDDEN REFRESH CYCLE (WRITE)
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FUNCTIONAL DESCRIPTION -
- The HY531000 is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar
to a traditional dynamic RAM. The HY531000
reads and writes data by multiplexing 20 bit add-
ress into 10 bit row and 10 bit column address.
The row address is latched by Row Address
Strobe (RAS). The column address, however,
flows through the internal address buffer and
. is 'laiched by the Column -Address Strobe
(CAS). Because access time is primarily -depen-
" dent on a valid column address, the delay time
between RAS and CAS can be long without
affecting the access time.

"MEMORY CYCLE

The memory cycle is initiated by bringing

RAS low. Any memory cycle once initiated
must not be ended or aborted prior to fulfilling
the minimum tras timing specification. This
ensures proper device operation and data inte-
grity. Additionally, a new cycle can not be ini-
tiated until the minimum precharge time tgp/tcp
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 time specified by tay. Data
output becomes valid only when trac, tcac, and
taa are all satisfied. Consequently, the access
time is dependent upon the timing relationship

among the trac, teacand tsa. For example, the

access time is limited by ta when trac and tCAC
are both sahsﬁed

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 depénding
upon the latter of WE or CAS low transition.
Consequently, the input data must be valid at
or before the falling edge of WE or CAS, which-
ever occurs last. In a- CAS controlled write

3-76
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cycle (the leading edge of WE occurs priors to
or coincident with the CAS low transition)the
output(Doyr) pin will be in the high impedance
state at the beginning of the write function.
Terminating the write action with RAS or

EKS_ going high will mamlam the data output
~(Dour) in the high impedance state.

REFRESH CYCLE:

To retain data, 512 RAS refresh cycles are re-
quiredin an 8 ms penod The refresh operatlon
can be performed two ways : ,

L. Clocking each of 512 row address(A,

through As) with. RAS at least every 8 ms

- period. Any combination of RAS cycle such

as read; write, read-modify-write, or RAS-only

refresh cycle will perform a refresh on the
selected row.

2. CAS-before-RAS refresh cycle : If CAS go

low prior to RAS go low, the chip enters a

CAS-before-RAS refresh cycle. In CAS -be-

fore-RAS refresh cycle the HY531000 will
~ use an internal nine-bit counter output as the

source of the row address and will ignore the
external address input.

This CAS-before-RAS refresh mode is a re-
fresh only mode and no data access is allowed.
Also, The CAS-before-RAS refresh cycle does
not cause device selection and the state of the

" data output pin will remain in a hlgh 1mped-

ance state.

“In order to guarantee the reliable operanon
of the CAS-before-RAS refresh mode, a inter-
nal counter test mode is provided. The user can
use the counter test mode to write in a data

pattern consecutively(512 write cycles) and

ﬂlenveﬁf)/ﬁledala“'lﬁchhasbeenwﬁttenby
512 consecutive read cycles.

The HY531000 offers a CMOS standby mode
that is entered by causing the RAS ciock 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 HY531000
power consumption is reduced to the low Ipps
level. Overall In, consumption when operating
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m

in this mode can be calculated as follows :

(tre) X (I active) +(tax—1rc) X (IDDS)

tex

Where tic=Refresh Cycle Time
tRx—Refresh Interval/512

FAST PAGE MODE OPERATION
Fast page mode operatlon permits all 1024

columns within a selected row of the device to

be randomly accessed at a high data rate. Main-
taining RAS low while sucessive CAS cycles
are performed retains the row address internal-
ly, eliminating the need to reapply it. The

column address buffer acts as a transparent -

or flow through latch while CAS is high. Access
begins from the valid column address rather
than from CAS, eliminating tasc and t; from the
critical timing path. CAS latch the address into
column address buffer and acls as an output
enable.

. During this opei'atioxi, read, write, and read-
modify-write, or read-write-read cycles are pos-
sible at random or sequential address within a
row. Followmg the entry cycle into fast page

mode, access time is ta O tcap dependent. If -
the column address is valid prior to or coinci-

dent by tcap as shown'in figure 1. If the column
address is valid after the rising edge of CAS,
then:the access time is determined by the valid
column address specified by taa. For both
cases, the falling edge of CAS latches the add-
ress and enable the output.

Fast page mode provides a sustained data
rate over 25 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 data
rate -

1024

Daté Rate= —mM8M8M8MmMm
e T 1023 X toe

”&;46e§3—;5

DATA RETENTION MODE

The HY531000 data output (Dour), which
has tri-state capability, is controlled by CTAS.
During a CAS the high state (CAS at Vi), the
. data output is in the high impedance state. The
following table summarize the Dom state for
various types of cycles.

Data from Addressed:
Memory Cell

CAS Conlrolled ‘Write Cycle High Impedance
(Early Write) )

WE, Controlled Write Cyele | Active, Not Valid
(Late Write) .

Read-Modify-Write Cycle | Data from Addressed .
. Memory Cell

Fast Page Mode Read Cycle| Data from Addressed
: Memory Cell

Fast Pa; &e]z Mode Write Cycle High Impedahce
(Early Write)

Fast Page Mode Read- -
Modify-Write Cycle

RAS-Only Refresh @cle
CAS-Before-RAS Refresh Data remain the previous

Read Cycle

Data from-Addressed
Memory Cell

ngl.’l Impedance

Cycle i;::le s state
igh impedance or low
unpedance)
CAS-Only Cycle High Impedance

POWER ON

An initial pause of 200 s is requ1red after the
apphcatlon of Vpp power supply, followed by
a minimum of eight initialization cycles(any
combination of cycles containing a RAS clock

. such as RAS-only refresh cycle). Eight initiali-

zation: cycles are - required  after extended
periods of bias without clocks(gteater than the

" refresh interval).

The Vpp current (Ipp) requ1rement of the
HY531000 during power: on is dependent upon
the input levels of RAS and CAS..If RAS=Vj;
during power on, the device will go into an
active and Ipp will exhibit large current
transients. It is recommended that RAS and CAS
track ‘with Vpp or be held at a valid Vm level
durmg power on.

377
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FIGURE 1. FAST PAGE MODE ACCESS TIME. DETERMINATION

: k . VALD - - - VALID ’
Ag-Ag : COLUMN ADDRESS ) COLUMN ADDRESS
) : [ —toen -— ta— ” ;
b ' X aw N\ ' 7w
T ] -y DATA - f p DATA .
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PACKAGE INFORMATION

* 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL

[N o I S ot A I Y o s I ) » ’
_%__*+m__$_ ‘ UNIT.lNCH(mmV)mv

_L_JL_JI_IL;_ILIL__I,L_JI_J

0.885(22479) . 7
0865(21.971) 0300 BSC __,,. 3
(7.620) .
0.205(7.403)
™ 0275(6.965)

0020(0508) .

<— 0035(0.889)

0145(3683)
0.135(3429)

0.140(3.556)
0120(3048) |

!

0050(1.270)  0065(1650) 0021(0533) ™
0.030(0.762) 0050(1270) - 0016(0408) " 400 BSC
: (2540)

. 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —330 MIL

oooon oo onrcd
!

) Lo
e . e
' |

—_—

0:3050(7.7470)

s

02950(7.4930) "™
0.3400(8:6360)
0.3320(8.4328)

. - g MAX
e u I =R UNIT:INCH(mm)m

0.0200(0.5080)
T 00160(0.4084)
0.0500B5C
o e 00320{08128)
o5 l - azre) — |~ o0es0(0e604)
©
i — i ]
2 MHH iy 8% -
t ) 0.6700(17.2466) &2 . 02720(69088) ,J,\
TTT08TI0(17.0834) "l g% 1% 02600(66040) 8%
|
S o
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