oSy HYUNDAI
: SEMICONDUCTOR

DESCRIPTION

The HY51C1000 is a high speed, low power
1,048,576 X1 bit CMOS dynamic random ac-
cess memory. Fabricated with the HYUNDAI
CMOS process, the HY51C1000 offers a fast
page mode for high bandwidth and clock-
free page operation, fast usable speed,
CMOS standby current and inherently high
CMOS reliability.

All inputs and outputs are TTL compatible.
Input and output capacitances are significantly
lowered to allow increased system perform-
ance.

Fast page mode operation allows random or
sequential access of up to 1,024 bits within a
row with cycle times as fast as 45ns. Because

of static circuitry, the CAS clock is no longer v v~ HYSICI00080 | HYSICIO0010 | HYSICIO0012
in the critical timing path. The flow-through Time, (g ac 80 100 120
column latch allows address pipelining while Max CAS Access " » 0
relaxing many critical system timing require- Time, tcac

ments for fast usable speed. These features Min Fast Page Mode 4 5 65
make the HY51C1000 ideally suited for cache Cycle Time, tpc

based mainframe and mini computers, gra- Min Cycle Time, trc 160 19 220

phics, digital signal processing, and high per-
formance microprocessor systems.

When RAS is > Vpp—0.2V, CMOS standby

HY51C1000

1M X 1-Bit CMOS DRAM
M131202B-APR91

FEATURES

* Low power dissipation
- Operating current, 100ns : 75mA (max.)
- TTL standby current : 2.5mA (max.)
- CMOS standby current : 1.5SmA (max.)

* Read-Modify-Write capability

. E—Ag-only. Hidden, CAS-before-RAS
refresh capability

* Common 1/O capability

* Fast Page mode operation for a sustained data
rate up to 22 MHz

* 512 refresh cycles/8 ms

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

* Fast access time and cycle time (ns)
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

—
ABSOLUTE MAXIMUM RATINGS
SYMBOL . PARAMETER RATING UNIT
Ta Ambient Temperature 0t 70 °C
Tsto Storage Temperature (Plastic) =55 to0 125 °C
Vr1ERM Voltage on Any Pin Except Vpp Relative to Vss -10to 7.0 v
Vpp Voltage on Vpp Relative to Vss -10 to 7.0 v
Iout Data Out Current 50 mA
Pr Power Dissipation 1.0 w
NOTE: Stresses greater than those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.
DC CHARACTERISTICS
(Ta=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.)
SYMBOL PARAMETER TEST CONDITIONS SPEED HyS1IC1om UNIT NOTE
. MIN. MAX.
hent| Input Leakage Current (any input pin) | Vss<Vin< Vpp 10 rA
[Tl ?{:‘tsl;t Leakage Current for Vss<Dout< Vop 10 A
gh Impedance State RAS, CAS at Viy
- 80 95
Ippt Vpp Supply Current, Operating tre =trc (Min.) —-10 75 mA 1,2
-12 70
Ipp2 Vpp Supply Current, TTL Standby S:E: m:[zv;’ 2.5 mA
- 80 95
Tops %%_S;‘n‘;‘y"{zecf;’e'sf“" tre =tre (min.) ~10 75 mA 2
-12 70
- 80 50
Iops ::S‘: s:;":oi‘e‘”e“" Minimum Cycle -10 40 mA 12
-12 35
| R S TS oo 0TV TS s | o
- 80 95
-12 70
Vi Input Low Voltage (all inputs) -0.5 0.8 v 3
Viu Input High Voltage (all inputs) 24 Vpp +1 v 3
VoL Output Low Voltage IoL=4.2mA 0.4 v
Vou Output High Voltage Ion=—-5mA 24 v
NOTES :
1. Ipp, is dependent on output loading when the device output is selected. Specified Iun (max.) is measured with output open.
2. Ipp is dependent upon the of address itions. Specified Ipp (max.) is measured with a maximum of two transitions per address cycle in

Fast page mode.
. Specified V. (min.) is steady state operation. During transitions, V;; may undershoot to — 1.0V for a period not to exceed 20ns. All AC parameters are
measured with Vi (min.)2 Vss and Vi (max.) < Vyp.

w
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AC CHARACTERISTICS
(TAa=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.)

HY51C1000 1,048,576 X 1-Bit CMOS DRAM
f

HY51C1000
# | SYMBOL PARAMETER 80 10 12 UNIT | NOTES
1 tRAS RAS Pulse Width 80 85K 100 85K 120 85K ns
2 trRC Random Read or Write Cycle Time 160 190 220 ns
3 trp RAS Precharge Time 70 80 90 ns
4 tASR Row Address Set-up Time 0 0 0 ns
5 tRAH Row Address Hold Time 15 15 15 ns
6 tcaR Column Address to RAS Set-up Time 40 45 55 ns
7 | trap |RASto Column Address Delay Time 20 40 20 55 20 65 ns 1
8 tasc Column Address Set-up Time 0 0 0 ns
9 tcan Column Address Hold Time 15 20 25 ns
10 | trep  |RAS to CAS Delay 25 60 25 75 25 90 ns 2
11 | trac Access Time From RAS 80 100 120 ns 34,5
12 tcaa Access Time From Column Address 40 45 55 ns 5,6,12
13 tcac Access Time From CAS 20 25 30 ns 6,12
14 tCAS(R) ‘CAS Pulse Width in Read Cycle 20 25 30 ns
15 | trsuwr) |RAS Hold Time in Read Cycle 20 25 30 ns
16 tRCS Read Command Set-up Time 0 0 0 ns
17 tRCH Read Command Hold Time Referenced to CAS s 5 S ns 7
18 1RRH Read Command Hold Time Referenced to RAS 5 5 5 ns 7
19 terp CAS to RAS Precharge Time 5 s 10 ns
20 toFF Qutput Buffer Turn Off Delay 0 20 0 25 0 30 ns 8
21 tou Output Data Hold Time From CAS 0 0 0 ns 8
22 twp Write Pulse Width 10 10 15 ns
23 tcp ‘CAS Precharge Time 10 10 15 ns
24 tAR Column Address Hold Time From RAS 60 70 80 ns
25 | tcasw) | CAS Pulse Width in Write Cycle 25 30 35 ns
26 { trsiw) |RAS Hold Time in Write Cycle 25 30 35 ns
27 twer Write Command Hold Time From RAS 60 70 80 ns
28 twes Write Command Set-up Time 0 0 0 ns 9,10
29 twCH Write Command Hold Time 15 20 25 ns
30 tps Data-In Set-up Time 0 0 0 ns 11
31 tpH Data-In Hoid Time 15 20 25 ns 11
32 | towr Data-In Hold Time Reference to RAS 60 70 80 ns
33 tRWC RMW Cycle Time 190 220 255 ns
34 tRRW RMW Cycle RAS Pulse Width 110 130 155 ns
35 tRWD RAS to WE Delay in RMW Cycle 80 100 120 ns 9
36 | tewp |CASto WE Delay 20 25 30 ns 9
37 | tawp Column Address to WE Delay 40 45 55 ns 9
38 LCAP Access Time From Column Precharge 40 50 0 ns 12
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM
e .-

HY51C1000
# | SYMBOL PARAMETER 80 10 12 UNIT [NOTES
39 tpc Fast page mode Read or Write Cycle time 45 55 65 ns
40 tpem Fast page mode Read-Modify-Write Cycle 70 85 100 ns
41 tRWL Write Command to RAS Lead Time 25 25 30 ns
42 | tewt Write Command to CAS Lead Time 25 25 30 ns
43 tRPC RAS to CAS Precharge Time 0 0 0 ns
44 tcsr CAS Set-up Time (CAS Before RAS Cycle) 10 10 10 ns
45 | tonr CAS Hold Time (CAS Before RAS Cycle) 20 30 30 ns
46 | tesn CAS Hold Time 80 100 120 ns
47 tr Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 13,14
48 tRI Refresh Interval (512 Cycle) 8 8 8 ms 15

NOTES:

. Operation within the tgap (max.) limit insures that tgac (mMax.) can be met. tgap (Max.} is specified as a referenced point only. If trap is greater than the

specified tgap (Max.} limit, then the access time is controlled by t¢aa and t¢ac.

trep (max.} is specified for reference only. Operation within tgc; {max.} and tga;y (Max.) limit insure that (g {max.) and 1 a4 (Max.) can be met. [f tec s is

greater than the specified tg¢ ), (max.) then the access time is controlled by t¢aa and teac.

Assume (gap < lgap (iMax.). M tgay 18 greater than tgy, (max.) then tg4¢ will increase by the amount that tga, exceeds tyap, (max.)

Assume tgcp < tgep (Max.). If tyoy is greater than tg, (max.) then tga will increase by the amount that tycy, exceeds tg( ) (max.)

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

Assume trap =tgap (Max.)

. Either tggy OF tgy must be satisfied for a read cycle.

. torr and top define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels.

twess twHCs twpry trwps tawn, tow . are not restrictive operating parameters.

10. tucs (min.) must be satisfied in the early write cycle.

11. 1, and 1, are referenced to the latter occurence of CAS or WE.

12. Access time is determined by the longer of t¢ A, t¢ ac OT I ap.

13. ty is measured between Vy; (min.) and V,, (max.)

14. AC measurements assume ty = Sns.

15. An initial pause of 2004s is required after power-up and followed by a minimum of 8 initiatization cycles (any combination of cycles containing a RAS clock
such as RAS-only refresh). g initialization cycles are required after extended period of bias without clocks.

~

CE O

CAPACITANCE
(Ta=25°C, Vpp=5V= 10%, Vss=0V, unless otherwise noted.)

SYMBOL PARAMETER TYP. MAX. UNIT
Cmi Address, Dy — 6 pF
Cm2 RAS, CAS, WE - 8 pF
Cour Dout — 8 pF

NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter.
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM
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TIMING DIAGRAM
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HYS51C1000 1,048,576 X 1-Bit CMOS DRAM
L ———

READ-MODIFY-WRITE CYCLE
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH CYCLE
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

HIDDEN REFRESH CYCLE (WRITE)
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4-38

v LD

=LA

< <
o8

S s |

nnnnnnnnnnn

aaaaaaaa

llllllll

tttttt

llllll

IIIIIII

—

SRy 1 LTI T iy,

ttttttt

HL?///////////////////////////////////

tonan P

oo X777/ 11T T

HIGH-Z



HY51C1000 1,048,576 X 1-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HYS51C1000 is a CMOS dynamic RAM
optimized for high data bandwidth and low po-
wer applications. The functionality is similar to
a traditional dynamic RAM. The HY51C1000
reads and writes one bit of data by multiplexing
20 bit address 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 latched by the Column Address
Strobe (CAS). Because access time is primarily
dependent on a valid column address, the delay
time between RAS and CAS can be long wi-
thout 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 trp/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
tar. Data output becomes valid only when trac,
tcac and tcaa are all satisfied. Consequently, the
access time is dependent upon the timing rela-
tionship among the trac, tcac and tcaa. For exa-
mple, the access time is limited by tcaa when
trac and tcac are both 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
upon the latter of WE or CAS low transition.

440

Consequently, the input data must be valid at

or before the falling edge of WE or CAS, whi-
chever occurs last. In a CAS controlled write

cycle (the leading edge or 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. Ter-

minating the write action with RAS or CAS

going high will maintain the data oytput (Dour)

in the high impedance state.

REFRESH CYCLE

To retain data, 512 RAS refresh cycle are re-
quired in an 8 ms period. The refresh operation
can be performed two ways :

1. Clocking each of 512 row address(A, th-
rough Ay) with RAS at least every 8 ms pe-
riod. Any combination of RAS cycle such as
read, write, read-modify-write, or R—A_S-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 HY51C1000 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 high imped-
ance state.

In order to guarantee the reliable operation
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 pat-
tern consecutively (512 write cycles) and then
verify the data which has been written by 512
consecutive read cycles.

DATA RETENTION MODE

The HYS1C1000 offers a CMOS standby
mode that is entered by causing the RAS clock



to swing between a valid V, and an “extra
high” V,, within 0.2V of Vpp. While the RAS
clock is at the “extra high” level, the HY51C1000
power consumption is reduced to the low Ipps
level. Overall Ipp consumption when operating
in this mode can be calculated as follows :

_ (trc) X (I active) + (trx —tre) X (Ipps)

trx

I

Where tic =Refresh Cycle Time
trx =Refresh Interval/512

FAST PAGE MODE OPERATION

Fast page mode operation permits all 1024
columns within a selected row of the device to
be randomly accessed at a high data rate. Mai-
ntaining RAS low while successive CAS cycles
are performed retains the row address interna-
1ly, eliminating the need to reapply it. The co-
lumn 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 tr from the
critical timing path. CAS latch the address into
column address buffer and acts as an output
enable.

During this operation, read, write, and read-
modify-write, or read-write-read cycles are pos-
sible at random or sequential address within a
row. Following the entry cycle into fast page
mode, access time is tcaa Or tcap dependent. If
the column adderess 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 tcaa. For both ca-
ses, the falling edge of CAS latches the address
and enable the output.

Fast page mode provides a sustanined data
rate over 22 MH; 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

D - 1024
ata Rate = o 0 Xt

HY51C1000 1,048,576 X 1-Bit CMOS DRAM
{2

DATA OUT OPERATION

The HY51C1000 data output(Dour), which
has tri-state capability, is controlled by CAS.
During a CAS the high state (CAS at Vi), the
data output is in the high impedance state. The
following table summarize the Dour state for
various types of cycles.

CYCLE Dour STATE
Read Cycle Data from Addressed
Memory Cell

CAS Controlled Write Cycle| High Impedance
(Early Write)
WE Controlled Write Cycle | 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 Page Mode Write Cyclel High Impedance
(Early Write)

Fast Page Mode Read-
Modify-Write Cycle
RAS-Only Refresh Cycle
CAS-Before-RAS Refresh
Cycle cycle’s state

Data from Addressed
Memory Cell

High Impedance

Data remain the previous

(high Impedance or low
Impedance
High Impedance

CAS-Only Cycle

POWER ON

An initial pause of 200 ps is required after the
application of the Vpp power supply, followed by a mi-
nimum of eight initialization cycles(any com-
bination of cycles containing a RAS clock such
as RAS-only refresh cycle). Eight initialization
cycles are required after extended periods of
bias without clocks(greater than the refresh in-
terval).

The Voo current (Ipp ) requirement of the
HY51C1000 during power on is dependent upon
the input levels of RAS and CAS. If RAS=Vs;s
during power on, the device will go into an ac-
tive cycle and Ipp will exhibit large current tra-
nsients. It is recommended that RAS and CAS
track with Vpp or be held at a valid Vi level
during power on.




HY51C1000 1,048,576X1-Bit CMOS DRAM

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
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