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_ ORDERING INFORMATION

1. COMPONENT

HYUNDAI PRODUCT
Identifier

DEVICE NAME
Device Type,
Organization,
Density &
Operating Mode

DIE DESIGN REVISION

BLANK : None
A : First Revision

TEMPERATURE RANGE & POWER CONSUMPTION
BLANK :  0°C to 70°C, Standard Power

SPEED
25 25ns
30 : 30ns
35: 35ns
60 : 60ns
70 : 70ns
80 : 80ns
85: 85ns
10 : 100ns
12 : 120ns
15 : 150ns
20 : 200ns
¥ 25 :250ns

PACKAGE

L : 0°C to 70°C, Low Power

LL : 0°C to 70°C, Low Low Power
E ! —40°C to 85°C, Standard Power
2. MODULE

HYM XXXXXX X T>'<‘ -

HYUNDAI MODULE
Identifier

DEVICE NAME
Device Type,
Organization,
Density &

S * Plastic DIP -300 mil

P:

J

: Plastic DIP -600 mil
: Plastic SOJ -300 mil
SOJ -350 mil
SOP-150 mil
SOP-330 mil
SOP-525 mil

F : Plastic LCC -330 mil
T : Thin SOP -300 mil
Z:ZIP -400 mil

XX

SPEED

60 : 60ns
70 : 70ns
80: 80ns-
10 : 100ns
12 : 120ns

CONNECTOR TYPE

Operating Mode

MODULE DESIGN REVISION

BLANK : None
A : First Revision .
B : Second Revision

% MASK ROM only

M : Socket (Edge)




‘1. DRAM

QUICK REFERENCE

70

256/4

256K bit | HYS3C256S-70 256K X 1 013 ]2 16Pin PDIP
HY53C256S-80 256K X 1 80 | 5] 60| 3 1 2 256/4 16Pin PDIP
HY53C2568-10 256K X 1 100 | 60 50| 3 | 2 256/4 16Pin PDIP
HYS3C2565-12 256K X 1 120 [ 70| 45 3 | 2 256/4 16Pin PDIP
HY53C256F-70 256K X 1 70 1 501 70 3 | 2 256/4 18Pin PLCC
HY53C256F-80 256K X 1 80 | 5| 60 3 | 2 256/4 18Pin PLCC
HY53C256F-10 256K X 1 100 | 60| 50 3 | 2 256/4 18Pin PLCC
HY53C256F-12 256K X 1 120 | 70 45 3 | 2 256/4 18Pin PLCC
HYS53C256LS-70 256K X 1 701 5| 7021 256/4 16Pin PDIP
HY53C256L.S-80 256K X 1 80 | 5560 2|1 256/4 16Pin PDIP
HY53C256LS-10 256K X 1 100 | 60| 50.1 2 | 1 256/4 16Pin PDIP
HY53C256LS-12 256K X 1 120 | 70| 45| 2 | 1 256/4 16Pin PDIP
HY53C256LF-70 256K X 1 70| 50 70| 2|1 256/4 18Pin PLCC
HY53C256LF-80 256K X 1 8 | 551 60| 2 | 1 256/4 18Pin PLCC
HYS53C256LF-10 256K X 1 100 | 60| 50| 2|1 256/4 18Pin PLCC
HYS53C256LF-12 256K X 1 120 | 70| 45| 2 | 1 256/4 18Pin PLCC
HY53C464S-70 64K X 4 70 1 50 70| 3 | 2 256/4 18Pin PDIP
HYS53C4645-80 64K X 4 80 | 5] 60 3 | 2 256/4 18Pin PDIP
HY53C464S-10 6K X 4 100 | 60| 50| 3 | 2 256/4 18Pin PDIP .
HYS53C464S-12 64K X 4 120 | 70| 45] 3 | 2 256/4 18Pin PDIP
HYS53C464F-70 K X 4 70 | S0 70| 3 | 2 256/4 18Pin PLCC
HYS53C464F-80 6K X 4 80 | S5 60| 3 | 2 256/4 18Pin PLCC
HY53C464F-10 4K X 4 100 | 60 SO 3 | 2 256/4 | 18Pin PLCC
HYS53C464F-12 64K X 4 120 | 70| 45| 3 | 2 256/4 18Pin PLCC
HYS53C464LS-70 K X 4 70 [ sof 70 2 | 1 256/4 18Pin PDIP
HY53C4641L.5-80 &K X 4 8 | 55) 60 2 |1 256/4 18Pin PDIP
HYS53C464L5-10 64K X 4 100 | 60| 50| 2 [ 1 256/4 18Pin PDIP
HY53C464LS-12 K X 4 120 | 70 45| 2 | 1 256/4 18Pin PDIP
HY53C464LF-70 K X 4 70 501 701 2 |1 256/4 18Pin PLCC
HYS53C464LF-80 64K X 4 80 | 55| 60 2 | 1 256/4 18Pin PLCC
HYS53CA64LF-10 K X 4 100 | 60 50 2|1 256/4 18Pin PLCC
| HY53CAGALF-12 4K X 4 - 120 | 70 45| 2 | 1 256/4 18Pin PLCC
IM bit | HY51C1000S-80 IM X1 80 | 45| 952515 512/8 18Pin PDIP
HY51C1000S-10 M X 1 100 [ 55 7512515 512/8 18Pin PDIP
HY51C10008-12 IM X 1 120 | 65| 70| 25| 15 512/8 18Pin PDIP
HY51C1000J-80 IM X1 80 | 45| 952515 512/8 20/26Pin SOJ
HY51C1000J-10 IM X 1 100 | 55§ 75|25 15 512/8 20/26Pin SOJ
HY51C1000J-12 M X 1 120 | 65| 70| 25| 15 20/26Pin SOJ

22 .
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QUICK REFERENCE

DRAM(continued)

IM bit |HY51C42565-80 256K X 4 80 | 50| 95| 25| 15| 512/8 |20Pin PDIP
HY51C4256S-10 256K X 4 100 | 65| 75| 25| 15| 5128 |20Pin PDIP
HY51C425658-12 256K X 4 120 | 75| 70| 25| 15| 512/8 |20Pin PDIP
HY51C4256]-80 256K X 4 8 | 50| 95|25 15| 512/8 | 20/26Pin SOJ
HY51C42563-10 256K X 4 100 | 65| 75| 25| 15| 512/8 | 20/26Pin SOJ
HY51C4256J-12 256K X 4 120 | 75| 70| 25| 15| 512/8 | 20/26Pin SOJ
HY5310008-60 M X 1 60 | 40 8| 2| 1 | 512/8 | 18Pin PDIP
HY531000S-70 M X 1 70 1 41| 75| 2 | 1| 5128 |18Pin PDIP
HY?531000S-80 M X 1 80 | 45 65| 2 | 1 | 512/8 | 18Pin PDIP
HY5310008-10 : M X 1 100 | 55| 55/ 2| 1| 5128 |18Pin PDIP
HY531000J-60 M X 1 60 | 4| 8] 2 | 1 | 512/8 |20/26Pin SOJ
HY531000J-70 M X 1 70 | 40| 75| 2 | 1 | 512/8 | 20/26Pin SOJ
HY531000J-80 IM X 1 80 | 45| 65| 2 | 1 | 512/8 |20/26Pin SOJ
HY531000J-10 M X 1 100 | 55| 55| 2 | 1 | 512/8 |20/26Pin SO¥
HY531000AS-60 M X 1 60 | 40| 81| 2 | 1 | 5128 |18Pin PDIP
HY531000AS-70 IM X 1 70 | 40| 75| 2 | 1| 5128 |18Pin PDIP
HY531000AS-80 M X 1 80 | 45| 65| 2 | 1 | 512/8 | 18Pin PDIP
HY531000AJ60 IM X 1 60 | 40 8| 2 | 1 | 5128 |20/26Pin SOJ
HY531000AJ-70 M X 1 70 | 4 75| 2 | 1 | 512/8 | 20/26Pin SOJ
HY531000AJ-80 M X 1 80 | 45| 65| 2 | 1 | 5128 |20/26Pin SOJ
% HY531000AZ-60 M X 1 60 | 40| 8| 2 | 1 | 512/8 |20Pin ZIP
* HY531000AZ-70 - IM X 1 70 | 40| 750 2 | 1| 5128 |20Pin ZIP
* HY531000AZ-80 M X 1 80 | 45) 65| 2 | 1 | 512/8 |20Pin ZIP
HY531000ALS-60 M X 1 60 | 40| 8| 2 | 02| 512/64 | 18Pin PDIP
HY531000ALS-70 M X 1 70 | 40| 75| 2 | 02| 512/64 | 18Pin PDIP
HY531000ALS-80 M X 1 80 | 45| 65| 2 | 02| .512/64 | 18Pin PDIP
HY531000ALJ-60 M X 1 60 | 40| 8| 2 | 02| 512/64 |20/26Pin SOJ
HY531000ALJ-70 M X 1 70 | 4| 75| 2 | 02| 512/64 |20/26Pin SOJ
HY531000ALJ-80 M X 1 80 | 45| 65| 2 | 02| 512/64 | 20/26Pin SOJ
% HY531000ALZ-60 M X 1 60 | 4| 8| 2 | 02| 512/64 |20Pin ZIP
% HY531000ALZ-70 IM X 1 70 | 40| 75| 2 | 02| 512/64 |20Pin ZIP
% HY531000ALZ-80 IM X 1 80 | 45] 65| 2 | 02| 512/64 |20Pin ZIP
HY?5342565-60 256K X 4 60 | 0 9| 2| 1| 5128 |20Pin PDIP
HY5342565-70 256K X 4 70 | 40| 80| 2 | 1 | 5128 |20Pin PDIP
HY5342565-80 256K X 4 8 | 451 70| 2 | 1 | 512/8 |20Pin PDIP
HY534256S-10 256K X 4 100 | 55| 60| 2 | 1 | 512/8 |20Pin PDIP
HY534256)-60 256K X 4 60 | 401 90| 2 | 1} 512/8 |20/26Pin SOJ
HY534256)-70 . 256K X 4 70 | 40 80| 2 | 1 | 512/8 |20/26Pin SOJ
HY534256J-80 256K X 4 80 | 45| 70| 2 | 1 | 512/8 | 20/26Pin SOJ
HY534256J-10 256K X 4 100 | 55| 60| 2 | 1 | 512/8 |20/26Pin SOJ

REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation.
2. Refresh mode of all the above DRAMs can be selected or combined among m-only, CAS-before-RAS, and Hidden Refresh
cycles.
3. (%) under development



QUICK REFERENCE

DRAM(continued)

HYS534256AS-60 60 | 40 90| 2 |02 S512/8 20Pin PDIP
HYS534256AS-70 256K X 4 70 [ 40| 80| 2 | 02| 512/8 20Pin PDIP
HY534256AS-80 256K X 4 80 | 45| 70| 2 | 02| 51288 20Pin PDIP
THYS534256A1-60 256K X 4 60 | 40| 0] 2 | 02| 5128 20/26Pin SOJ
HY534256AJ-70 256K X 4 70 | 40| 8| 2 | 02| 512/8 20/26Pin SOJ
HY534256A)-80 256K X 4 80 | 45| 704 2 | 02| 512/8 20/26Pin SOJ
* HY534256AZ-60 256K X 4 60 | 40| 0| 2|02 51278 20Pin ZIP

* HYS34256AZ-70 256K X 4 70 | 40| 80| 2 |02 5128 20Pin ZIP

* HY534256AZ-80 256K X 4 80 | 45| 70| 2 [ 02| 51278 20Pin ZIP
HY534256A1.S-60 256K X 4 60 | 40| 90| 2 | 02| S512/64 20Pin PDIP
HY534256ALS-70 256K X 4 70| 40) 80| 2 | 02| 512/64 20Pin PDIP
HY534256A1LS-80 256K X 4 80 | 45| 70| 2 | 02| 512/64 20Pin PDIP
HY534256AL1-60 256K X 4 60 | 40| 90| 2 |02 512/64 20/26Pin SOJ
HY534256ALJ-70 256K X 4 70 | 40| 8| 2 | 02| S12/64 20/26Pin SOJ
HY534256A1J-80 - 256K X 4 80 | 45| 70| 2 | 02 | 512/64 20/26Pin SOJ
* HY534256ALZ-60 256K X 4 60 | 40| 90| 2 [ 02| S12/64 20Pin ZIP

* HY534256ALZ-70 256K X 4 70 | 40| 80 2 | 02| 512/64 20Pin ZIP

* HY534256A1LZ-80 256K X 4 80 | 45| 70| 2 {02 | 512/64 20Pin ZIP

4M bit 514100J-70 M X 1 “70 | 500 %0 2 (1 1024/16 | 20/26Pin SOJ

HY514100J-80 M X 1 80 | 50| 80| 2 | 1 1024/16 | 20/26Pin SOJ
HY514100)-10 M X 1 100 | 60{ 70| 2 | 1 1024/16 | 20/26Pin SOJ
HY514100AJ-60 M X 1 60 | 40105 2 |1 1024/16 | 20/26Pin SOJ
HY514100AJ-70 M X 1 70 | 45 95 2 |1 1024/16 | 20/26Pin SOJ
HY514100AJ-80 4M X 1 8 | 55| 8| 2 | 1 1024/16 | 20/26Pin SOJ
HY514100AT-60 M X 1 60 | 40(105f 2 |1 1024/16 | 20/26Pin TSOP
HY514100AT-70 M X 1 70 |-45( 951 2 | 1 1024/16 | 20/26Pin TSOP,
HY514100AT-80 M X 1 80 | 55| 8] 2 {1 1024/16 | 20/26Pin TSOP
* HY514100AZ-60 M X1 60 | 40|105) 2 | 1 1024/16 | 20Pin ZIP

* HY514100AZ-70 M X 1 70 | 45| 95| 2 | 1 1024/16 | 20Pin ZIP

* HY514100AZ-80 M X 1 80 | 55 8] 2 | 1 1024/16 | 20Pin ZIP
HY514100ALJ-60 M X 1 60 | 40|105] 2 | 02} 1024/128 | 20/26Pin SOJ
HYS514100ALJ-70 M X 1 70 [ 45| 95| 2 | 02| 1024/128 | 20/26Pin SOJ
HY514100ALJ-80 4M X' 1 80 | 55| 8] 2 | 02| 1024/128 | 20/26Pin SOJ
HY514100ALT-60 M X 1 60 [ 401105| 2 | 02| 1024/128 | 20/26Pin TSOP,
HYS514100ALT-70 M X1 70 [ 451 95| 2 | 02| 1024/128 | 20/26Pin TSOP,
HYS514100ALT-80 M X 1 8 | 55| 8| 2 | 02| 1024/128 | 20/26Pin TSOP
* HY514100ALZ-60 M X1 60 | 40|105( 2 | 02 | 1024/128 | 20Pin ZIP

* HY514100ALZ-70 4M X 1 70 | 45| 95| 2 | 02| 1024/128 | 20Pin ZIP

* HY514100ALZ-80 M X 1 80 | 55| 8| 2 | 02| 1024/128 | 20Pin ZIP

REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation.
2. Refresh mode of all the above DRAMSs can be selected or combined among m-only, CAS-before-RAS, and Hidden Refresh
cycles.
3. (%) under development

2-4




QUICK REFERENCE

L R
DRAM( continued)

HY514400J-70 IM X 4 50921 1024/16 | 20/26Pin SOJ
HY514400J-80 IM X 4 8 | 50) 8| 2 |1 1024/16 | 20/26Pin SOJ
HY514400J-10 IM X 4 100 | 60 751 2 | 1 1024/16 | 20/26Pin SOJ
HY514400AJ-60 IM X 4 60 ( 401110 2 | 1 1024/16 | 20/26Pin SOJ
HY514400AJ-70 IM X 4 70 | 45(100] 2 | 1 1024/16 | 20/26Pin SOJ
HY514400AJ-80 IM X 4 8 | 551 %1 2 |1 1024/16 | 20/26Pin SOJ
HY514400AT-60 IM X 4 60 | 401110 2 | 1 1024/16 | 20/26Pin TSOP
HY514400AT-70 IM X 4 70 | 45(100f 2 | 1 1024/16 20/26Pin TSOP
HY514400AT-80 IM X 4 80 | 551 %012 |1 1024/16 20/26Pin TSOP
* HY514400AZ-60 IM X 4 6 | 40110} 2 | 1 1024/16 20Pin ZIP

* HY514400AZ-70 IM X 4 70 | 451100f 2 | 1 1024/16 | 20Pin ZIP |

* HYS514400AZ-80 IM X 4 8 | 551 9] 2 |1 1024/16 20Pin ZIP
HYS514400A1J-60 IM X 4 60 | 40(110| 2 | 02 | 1024/128 | 20/26Pin SOJ
HY514400ALJ-70 M X 4 70 | 45(100( 2 {02 | 1024/128 | 20/26Pin SOJ
HY514400ALJ-80 IM X 4 80 | 55| 90| 2 | 02| 1024/128 | 20/26Pin SOJ
HY514400ALT-60 IM X 4 6 | 40(110| 2 | 02| 1024/128 | 20/26Pin TSOP
HYS514400ALT-70 IM X 4 70 | 451100 2 | 02| 1024/128 | 20/26Pin TSOP
HY514400ALT-80 IM X 4 80 | 55| 9] 2 |02 1024/128 | 20/26Pin TSOP
* HYS514400ALZ-60 IM X 4 60 | 40(110f 2 | 02| 1024/128 | 20Pin ZIP

* HYS514400ALZ-70 |- IM X 4 70 | 45(100) 2 | 02| 1024/128 | 20Pin ZIP

* HY514400ALZ-80 IM X 4 8 | 55| 90| 2 | 02| 1024/128 | 20Pin ZIP
HY514410AJ-60 IM X 4 60 | 40110 2 1 1 1024/16 20/26Pin SOJ
HY514410AJ-70 IM X 4 70| 45(100] 2 |1 1024/16 | 20/26Pin SOJ
HY514410AJ-80 M X 4 8 | 5] 9121 1024/16 | 20/26Pin SOJ
HY514410AT-60 IM X 4 60 | 4]110f 2 | 1 1024/16 20/26Pin TSOP
HYS514410AT-70 IM X 4 70 | 4511001 2 1 1024/16 20/26Pin TSOP
HY514410AT-80 IM X 4 8 | 551 90 2 1 1024/16 20/26Pin TSOP
* HY514410AZ-60 M X 4 6 | 40110 2 | 1 1024/16 20Pin ZIP

* HY514410AZ-70 IM X 4 70 | 451100 2 | 1 1024/16 20Pin ZIP

* HY514410AZ-80 IM X 4 8 | 55] %] 2 |1 1024/16 20Pin ZIP
HY514410ALJ-60 M X 4 60 | 40[110| 2 | 02 | 1024/128 | 20/26Pin SOJ
HY514410ALJ-70 IM X 4 70 | 45(100( 2 | 02 | 1024/128 | 20/26Pin SOJ
HY514410ALJ-80 IM X 4 80 | 55| 90] 2 02| 1024/128 | 20/26Pin SOJ
HY514410ALT-60 IM X 4 60 | 40(110| 2 | 02 | 1024/128 | 20/26Pin TSOP
HY514410ALT-70 M X 4 70 | 45)100] 2 | 02| 1024/128 | 20/26Pin TSOP
HYS514410ALT-80 IM X4 | 8 | 55] 9| 2 | 02| 1024/128 | 20/26Pin TSOP
* HYS514410ALZ-60 M X 4 o | 40110 2 | 02| 1024/128 | 20Pin ZIP

* HY514410ALZ-70 IM X 4 70 | 45])100] 2 [ 02| 1024/128 | 20Pin ZIP

* HY514410ALZ-80 M X 4 80 | 55] 90| 2 | 02| 1024/128 | 20Pin ZIP
HY524800J-70 SI2K X 8 70 1 45(135) 2 )1 1024/16 28Pin SOJ
HY524800J-80 SI2K X 8 8 | 5011151 2 | 1 1024/16 28Pin SOJ

REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation.
2. Refresh mode of all the above DRAMS can be selected or combined among RAS-only, CAS-beforeRAS, and Hidden Refresh
cycles. .
3. ( * ) under development
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QUICK REFERENCE

m

2. DRAM MODULE

HYMS5C8256M-70 256K X 8 560 8 | 256/4 30Pin Socket
HYMS5C8256M-80 256K X 8 8 | 55|480| 16 | 8| 256/4 30Pin Socket
HYMS5C8256M-10 256K X 8 100 | 60400| 16 | 8| 256/4 30Pin Socket
HYMSC8256M-12 256K X 8 120 | 70[360] 16 | 8| 256/4 30Pin Socket
HYMS58256AM-60 256K X 8 60 | 401|180} 4| 2 51278 30Pin Socket
HYMS58256AM-70 256K X 8 70 | 40(160| 4| 2| SI128 30Pin Socket
HYMS58256AM-80 256K X 8 8 | 45(140| 4| 2| 51288 30Pin Socket
HYMS58256AM-10 256K X 8 100 | 55[120| 4| 2| 51278 30Pin Socket
225M bit | HYMSC9256M-70 256K X 9 70 | 50(630| 18 | 9| 256/4 30Pin Socket
HYMS5C9256M-80 . 256K X 9 8 | 55(540| 18 { 9 250/4 30Pin Socket
HYM5C9256M-10 256K X 9 100 | 6045 | 18 | 9| 256/4 30Pin Socket
HYMSC9256M-12 256K X 9 120 | 70{405| 18 | 9| 256/4 30Pin Socket
HYM59256AM-70 256K X 9 70 | 5001230 6| 3| 51288 30Pin Socket
HYM59256AM-80 256K X 9 8 | 551200 6| 3| 5128 30Pin Socket
HYMS59256AM-10 256K X 9 100 | 60170 6 [ 3| 5108 30Pin Socket
8M bit | HYMS81000M-60 IM X 8 6 | 40 (680 16| 8| 512/8 30Pin Socket
HYMS581000M-70 IM X 8 70 | 40600 16 | 8| 512/8 30Pin Socket
HYM581000M-80 IM X8 80 | 45|520) 16 | 8| 5128 30Pin Socket
HYMS581000M-10 IM X 8 100 | 55{440] 16 | 8| 51278 30Pin Socket
HYM581000AM-70 IM X 8 70 | 50|19 4| 2| 1024/16 30Pin Socket
HYM581000AM-80 IM X 8 8 | 50|170| 4| 2| 1024/16 30Pin Socket
HYMS581000AM-10 | IM X 8 100 | 60150 4| 2| 1024116 30Pin Socket
HYM581000BM-60 IMX 8 60 | 4012201 4| 2| 1024/16 30Pin Socket
HYM581000BM-70 IM X8 70 [ 450200 4| 2| 102416 30Pin Socket
HYMS581000BM-80 IM X 8 80 | 55(180| 4| 2| 1024/16 30Pin Socket
HYMS581000BLM-60 IMX 8 60 | 40220 4 | 04 1024/128 30Pin Socket
HYMS81000BLM-70 IM X 8 70 | 45(200| 4|04 | 1024/128 30Pin Socket
HYM581000BLM-80 IM X8 80 | 551180 4 {041 1024/128 | 30Pin Socket
9M bit | HYM591000M-60 M X9 60 [ 40(765| 18 | 9| 51218 30Pin Socket
HYMS591000M-70 IM X9 70 | 40(675| 18 | 9| 51288 30Pin Socket
HYM591000M-80 IM X9 80 | 45|585| 18 | 9| S512/8 30Pin Socket
HYMS591000M-10 IM X9 100 | 55[495( 18 | 9| 51248 30Pin Socket
HYM591000AM-70 IM X9 70 | 50125 6| 3| 1024/16 30Pin Socket
HYMS591000AM-80 M X9 80 | 501235| 6| 3 1024/16 30Pin Socket
HYM591000AM-10 IM X9 100 | 60[205| 6 | 3| 1024/16 30Pin Socket
HYM591000BM-60 IM X9 60 | 401305 6| 3| 1024/16 30Pin Socket
HYMS591000BM-70 IM X 9 70 | 451275| 6| 3| 1024/16 | 30Pin Socket
HYMS591000BM-80 IM X9 80 [ 551245( 6 | 3| 1024/16 30Pin Socket
HYM591000BLM-60 IM X 9 60 | 40(305( 6 | 06 1024/128 30Pin Socket
HYMS591000BLM-70 IM X 9 70 | 45(275| 6| 06| 1024/128 30Pin Socket
HYM3591000BLM-80 IM X9 80 | 55])245] 6 | 06| 1024/128 30Pin Socket

REMARK : 1. All the above DRAM MODULEs employ Fast Page Mode for fast access operation.
2. Refresh mode of all the above DRAM MODULEs can be selected or combined among RAS-only, CAS-before-RAS, and
Hidden Refresh cycles. - ’
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DRAM MODULE(continued)

HYMS584000M-70 M X 8 70 | 50720 16 | 8| 1024/16 30Pin Socket
HYMS584000M-80 M X 8 8 | 501640 16 | 8| 1024/16 30Pin Socket
HYMS584000M-10 M X 8 100 | 60|560| 16 | 8| 1024/16 30Pin Socket
HYMS584000AM-60 4M X 8 60 | 40840 16 | 8| 1024/16 30Pin Socket
HYMS584000AM-70 4M X 8 70 | 45(760| 16 | 8| 1024/16 30Pin Socket
HYMS584000AM-80 M X 8 80 | 55|680| 16 | 8| 1024/16 30Pin Socket
HYMS84000ALM-60 M X 8 60 | 400|840 16 | 16 | 1024/128 | 30Pin Socket
HYMS34000ALM-70 4M X 8 70 | 45|760| 16 | 16 | 1024/128 | 30Pin Socket
HYMS84000ALM-80 4M X 8 80 | 55]|680| 16 | 1.6 | 1024/128 | 30Pin Socket
HYMS532100M-70 IM X 32 70 | 50(760| 16 | 8| 1024/16 72Pin Socket
HYM532100M-80 IM X 32 80 | 50|60 16 | 8| 1004716 72Pin Socket
'| HYM532100M-10 IM X32 | 100 | 60|600] 16 | 8| 1024116 72Pin Socket
36M bit | HYMS594000M-70 M X 9 70 | 50810 18 | 9| 1024/16 30Pin Socket
HYM594000M-80 M X 9 80 | 50720 18 9| 1024/16 30Pin Socket
HYMS5%54000M-10 M X 9 100 | 60630 18 | 9| 1024/16 30Pin Socket
HYM5%4000AM-60 M X 9 60 | 40(9471 18 | 9| 1024/16 30Pin Socket
HYMS594000AM-70 M X 9 70 | 45|85 | 18 9| 1024/16 30Pin Socket
HYMS594000AM-80 M X 9 8 | 55|765]| 18 | 9| 1024/16 30Pin Socket
HYMS%M000ALM-60 M X 9 60 | 401945| 18 | 18 | 1024/128 | 30Pin Socket
HYMS%4000ALM-70 M X 9 70 | 45|85 18 | 1.8 | 1024/128 | 30Pin Socket
HYMS5M000ALM-80 4M X 9 80 | 55|765| 18 | 18| 1004/128 | 30Pin Socket
HYMS536100M-70 IM X 36 70 | S0|1046 | 24 | 12 | 1024/16 72Pin Socket
HYMS536100M-80 M X 36 80 | 50|940 | 24 | 12 | 1024/16 72Pin Socket
HYMS536100M-10 IM X 36 100 | 60820 24 | 12 | 1024/16 72Pin Socket

REMARK : 1. All the above DRAM MODULEs employ Fast Page Mode for fast access operation.
2. Refresh mode of all the above DRAM MODULEs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden
Refresh cycles.
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3. SRAM

Ll O
HY6116AP-85 2K X 8 85| 60| 3 |50 |NA| NA 24Pin PDIP
HY6116AP-10 2Kx8 |10 60| 3|5|NA| NA 24Pin PDIP
HY6116AP-12 2K X 8 120 | 60| 3 |5 |[NA| NA 24Pin PDIP
HY6116AP-15 2K X 8 150 | 60| 3 | 50 [NA| NA 24Pin PDIP
HY6116ALP-85 2K X 8 85 | 0] 3] 5| 2 2 24Pin PDIP
HY6116ALP-10 2K X 8 00| 60| 3] 5|2 2 24Pin PDIP
HY6116ALP-12 2Kx8 |12060|3]| 5|2 2 24Pin PDIP
HY6116ALP-15 2K X 8 150 | 0] 3| 5] 2 2 24Pin PDIP

64K bit | HY6264P-70 8K X 8 70 | 70| 3 |2000|NA| NA 28Pin PDIP
HY6264P-85 8K X 8 85 | 70| 3 {2000 NA| NA 28Pin PDIP
HY6264P-10 8K X 8 100 | 70| 3 |20 NA| NA 28Pin PDIP
HY6264P-12 8K X 8 120 | 70| 3 |200|NA| NA 28Pin PDIP
HY6264P-15 8K X 8 150 | 70! 3 |2000|NA| NA 28Pin PDIP
HY62643-70 8K X 8 70| 70 3 [2000]NA] NA 28Pin SOP
HY62641-85 8K X 8 8 | 70| 3 [2000{NA| NA 28Pin SOP
HY62641-10 © 8K X 8 10| 70| 3 [200{NA| NA 28Pin SOP
HY6264)-12 8K X 8 120 | 70! 3 |200|NA| NA 28Pin SOP
HY62643-15 8K X 8 150 | 70| 3 |2000|NA| NA 28Pin SOP
HY6264LP-70 8K X 8 70| 70| 3 [100] 2 50 28Pin PDIP
HY6264LP-85 8K X 8 8s | 700 3 {100] 2 50 28Pin PDIP
HY6264LP-10 8K X 8 00| 70| 3 [100} 2 50 28Pin PDIP
HY6264LP-12 8K X 8 120 | 70| 3 [100]| 2 50 | 28Pin PDIP
HY6264LP-15 8K X 8 15 | 70| 3 [100]| 2 50 28Pin PDIP
HY6264LI-70 8K X 8 701 70] 3 [100] 2 50 28Pin SOP
HY6264L)-85 8K X 8 8 | 70| 3 |100] 2 50 28Pin SOP
HY62641J-10 8K X 8 100 { 70| 3 |100]| 2 50 28Pin SOP
HY6264LJ-12 8K X 8 120 | 70| 3 {100] 2. 50 28Pin SOP
HY6264LJ-15 8K X 8 150 | 70] 3 |100] 2 50 28Pin SOP
HY6264AP-70 8K X 8 70 | 50! 2 [1000/NA|] NA 28Pin PDIP
HY6264AP-85 . 8K X 8 8 | 50| 2 |1000|NA| NA 28Pin PDIP
HY6264AP-10 8K X 8 100 | 50| 2 [1000{NA| NA 28Pin PDIP
HY6264AP-12 8K X 8 120 | 50| 2 |100{NA| NA 28Pin PDIP
HY6264AP-15 8K X 8 150 | 50| 2 |1000]NA| NA 28Pin PDIP
HY6264A1-70 8K X 8 70| 5] 2 [100]NA| NA 28Pin SOP
HY6264A1-85 8K X 8 85 | 50| 2 |1000|NA| NA 28Pin SOP
HY6264AJ-10 8K X 8 100 | 50| 2 |1000|NA| NA 28Pin SOP
HY6264A1-12 8K X 8 120 | 50| 2 |100|NA| NA 28Pin SOP
HY6264AJ-15 8K X 8 150 | 50| 2 |1000|NA| NA 28Pin SOP
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SRAM(continued)

PACH
HY6264ALP-70 8 501 2 2 50 28Pin PDIP
HY6264A1.P-85 8K X 8 8 | 50| 2 |100| 2 50 28Pin PDIP
HY62HAALP-10 8K X 8 100 | 50( 2 (100 2 50 28Pin PDIP
HYG264ALP-12 gRx8 | 120|502 w00]2] % 28Pin PDIP
HY6264ALP-15 sKx8 |10 |02 w02 % 28Pin PDIP
HY6264A1J-70 8K X 8 70 { 50| 2 [100] 2 50 28Pin SOP
HY6264ALJ-85 8K X 8 | 502 |w00] 2| % 28Pin SOP
HY6264ALJ-10 8K X 8 100 | 501.2 100} 2 50 28Pin SOP
HY6264ALJ-12 8K X 8 120 | 50 2 (100} 2 50 28Pin SOP
HY6264A1J-15 8K X 8 150 { 50 2 | 100 2 50 28Pin SOP
HYG6264ALLP-70 8K X 8 70| 50| 2|50 2 5 28Pin PDIP
HY6264A1LP-85 8K X 8 8 | 50| 2 | 50| 2 5 28Pin PDIP
HY6264ALLP-10 8K X 8 100 50({ 2 |50 2 5 28Pin PDIP
HY6264ALLP-12 8K X 8 120 | 501 2 |50} 2 5 28Pin PDIP
HY6264ALLP-15 8K X 8 150 | 501 2 |5} 2 5 28Pin PDIP
HY624ALLI-70 8K X 8 701 50| 2 (52 5 28Pin SOP
HY624ALLJ-85 8K X 8 8 | 50| 2 |50 2 5 28Pin SOP
HY6264A11J-10 8K X 8 100 | 50 2 {150} 2 5 28Pin SOP
HY6264ALLI-12 8K X 8 120 | 50 2 [ 50| 2 5 28Pin SOP
HY6264ALLJ-15 8K X 8 150 ) 50 2 |50 | 2 5 28Pin SOP

256K bit | HY62C256P-85 32K X 8 8 1 70| 3 |[1000 | NA NA 28Pin PDIP
"‘HY62C256P-10 32K X 8 100 | 70 3 {1000 NA NA 28Pin PDIP
HY62C256P-12 32K X 8 120 | 70| 3 |1000) NA NA 28Pin PDIP
HY62C256P-15 32K X 8 150 | 70| 3 |1000| NA NA 28Pin PDIP
HY62C256J-85 32K X 8 8 | 70| 3 |1000| NA NA 28Pin SOP
HY62C256)-10 32K X 8 100 | 70 3 [1000| NA NA 28Pin SOP
HY62C256)-12 2K X 8 120 | 70| 3 11000 | NA NA 28Pin SOP
HY62C2561-15 32K X 8 150 | 70 3 |1000| NA NA 28Pin SOP
HY62C256LP-85 32K X 8 8 | 70 3 [ 100 2 50 28Pin PDIP
HY62C256LP-10 PKxs | 100|703 w002 % 28Pin PDIP
HY62C256LP-12 32K X 8§ 120 | 70( 3 {100| 2 50 28Pin PDIP
HY62C256LP-15 32K X 8 150 } 70 3 [100] 2 50 28Pin PDIP
HY62C256L1-85 32K X 8 8 | 70| 3 |100) 2 50 28Pin SOP
HY62C25611-10 32K X 8 100 | 70| 3 {100} 2 50 28Pin SOP
HY62C256L)-12 32K X 8 120 | 70 3 |100] 2 50 28Pin SOP
HYE2C256L)-15 RK X8~ | 150 | 70| 3 |100] 2| 50 28Pin SOP
HY62256AP-70 32K X .8 70 | 70| 2 |1000| NA NA 28Pin PDIP
HY62256AP-85 32K X 8 85 1 70| 2 |1000| NA NA 28Pin PDIP
‘HY62256AP-10 32K X 8 100 { 70| 2 11000} NA NA 28Pin PDIP
HY62256AP-12 32K X 8 120 [ 70 [ 2 [1000{ NA NA 28Pin PDIP
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SRAM(continued)
HY62256AJ-70 32K X 8 70 70 2 {1000 | NA NA 28Pin SOP
HY62256A-85 2K X 8 85 | 70| 2 {100 NA| NA 28Pin SOP
HY62256AJ-10 32K X 8 100 | 70 ( 2 |1000 | NA NA 28Pin SOP
HY62256A1-12 2K X 8§ 120 | 70| 2 |1000{NA| NA 28Pin SOP
HY62256ALP-70 PK X 8§ 70 701 2 {100 2 50 28Pin PDIP
HY62256A1P-85 32K X 8 85 70 2 [100] 2 50 28Pin PDIP
HY62256ALP-10 3K X 8 100 | 70| 2 |100] 2 50 28Pin PDIP
HY62256ALP-12 PK X 8 120 | 70} 2 |100] 2 50 28Pin PDIP
HY62256A1)-70 32K X 8 70 | 70| 2 |100] 2 50 28Pin SOP
HY62256A1J-85 32K X 8§ 85 701 2 [100] 2 50 28Pin SOP
HY62256A1J-10 32K X 8 100 700 2 [100| 2 50 28Pin SOP
HY62256ALJ-12 K X 8 120 | 70| 2 |100] 2 50 28Pin SOP
HY62256ALLP-70 32K X 8 » 70 701 2 50 2 20 28Pin PDIP
HY62256ALLP-85 3K X 8 8s | 70| 2| 0| 2 20 28Pin PDIP
HY62256ALLP-10 32K X 8 100 701 2 50 2 20 28Pin PDIP
HY62256ALLP-12 3K X 8 120 | 70} 2| s0] 2 20 28Pin PDIP
HY62256ALLJ-70 32K X 8 70 700 2| 50| 2 20 28Pin SOP
HY62256ALLI-85 32K X 8 8s| 70|22 20 28Pin SOP
| HY62256ALLI-10 - K X 8 10| 700 2| 50| 2 20 28Pin SOP
HY62256ALLI-12 3K X 8 120 | 0] 2| 50| 2 20 28Pin SOP
IM bit | % HY628100P-70 128K X 8 70| 70 3 [00|NA| NA 32Pin PDIP
* HY628100P-85 128K X 8 8s | 70| 3 |200|NA| NA 32Pin PDIP
* HY628100P-10 128K X 8 10| 70] 3 |200/NA] NA 32Pin PDIP
* HY628100P-12 128K X 8 120 | 70( 3 {200{NA| NA 32Pin PDIP
HY628100J-70 [ 128K X 8 0 70| 3 [200[NA| NA 32Pin SOP
HY628100J-85 128K X 8 8s | 70| 3 |200|NA| NA 32Pin SOP
HY628100)-10 128K X 8 10| 700 3 {200 NA| NA 32Pin SOP
HY628100-12 128K X 8 120 ] 70| 3 |200{NA| NA 32Pin SOP
* HY628100LP-70 128K X 8 720 | 70| 3 [100] 2 50 32Pin PDIP
* HY628100LP-85 128K X 8 85 701 3 100 2 50 32Pin PDIP
* HY628100LP-10 128K X 8 100 | 70| 3 |100] 2 50 32Pin PDIP
* HY628100LP-12 128K X 8 120 | 70! 3 [100] 2 50 32Pin PDIP
HY628100LJ-70 128K X 8 70| 70] 3 [100] 2 50 32Pin SOP
HY628100LJ-85 128K X 8 8s | 70| 3 {100] 2 50 32Pin SOP
HY628100LJ-10 128K X 8 10| 70] 3 100 2 50 32Pin SOP
HY628100LJ-12 128K X 8 120 700 3 100 2 50 32Pin SOP
* HY628100LLP-70 128K X 8 70| 70 3| 0] 2 30 32Pin PDIP
* HY628100LLP-85 128K X 8 85| 700 3| 50| 2 30 32Pin PDIP
* HY628100LLP-10 128K X 8 00| 70] 3| 50| 2 30 32Pin PDIP
* HY628100LLP-12 128K X 8 120 | 0] 3| 50| 2 30 32Pin PDIP
HY628100LLIJ-70 128K X 8 70 701 3 [50] 2 30 32Pin SOP
HY628100LLI-85 128K X 8 8s| 70| 3|50 2 30 .| 32Pin SOP
HY628100LLI-10 128K X 8 100 | 70| 3|5]:2 30 | 32Pin SOP
HY628100LLJ-12 128K X 8 120 | 70| 35| 2 30 32Pin SOP

REMARK : (%) available from the Ist Quarter 1993.
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4. MASK ROM
4M bit HY234000P-15 512K X 8 150 15 2 100 32Pin PDIP
HY234000P-20 512K X 8 200 15 2 100 32Pin PDIP
HY234000P-25 512K X 8 250 15 2 100 32Pin PDIP
HY234000J-15 SI2K X 8 150 15 2 100. 32Pin SOP
HY234000J-20 SI2K X 8 200 15 2 100 32Pin SOP
HY2340001-25 SI2K X 8 250 15 2 100 32Pin SOP
HY234001P-15 512K X 8 150 15 | NA | NA 32Pin PDIP
HY234001P-20 SI2K X 8 200 15 | NA | NA 32Pin PDIP
HY234001P-25 SI2K X 8 250 15 | NA | NA 32Pin PDIP
HY234001J-15 S12K X 8 150 15 | NA | NA 32Pin SOP
HY234001J-20 SI2K X 8 200 1S | NA | NA 32Pin SOP
HY234001J-25 512K X 8 250 15 | NA | NA 32Pin SOP
HY234100P-15 SI2K X 8/256K X 16 | 150 20 2 100 40Pin PDIP
HY234100P-20 SI2K X 8/256K X 16 { 200 20 2 100 40Pin PDIP
HY234100P-25 SI2K X 8/256K X 16 | 250 20 2 100 40Pin PDIP

5. EEPROM

8Pin PDIP

HY93C46S 3 5

HY93C46) 0 to 70C serial 3 250 5 | 10-year | 10000 | 8Pin SOP
HY93CA6ES —40 to 85C serial 3 250 5 | 10 year | 10000 | 8Pin PDIP
HY93C46EJ ~40 to 85C serial 3 250 5 | 10 year | 10000 | 8Pin SOP

6. EEPLD

HY18CV8S-25 10 8 8 AND 74 X 36 32 27 20 Pin PDIP

HY18CV8S-30 10 8 8 -AND 74 X 36 32 » 27 20 Pin PDIP

HY18CV8S-35 10 8 8 AND 74 X 36 32 27 20 Pin PDIP
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DESCRIPTION

The HY53C256 is a high speed 262,144 X1
bit CMOS dynamic random access memory.
Fabricated with HYUNDAI CMOS techno-
logy, the HY53C256 offers a fast page mode for
high data bandwidth, fast usable speed, CMOS
standby current and, for the HY53C256L, re-
duced CMOS standby mode supply current
(IDD5)°

All inputs and outputs are TTL compatible.
Input and output capacitances are significantly
lowered to allow increased system perfor
mance.

Fast page mode operation allows random or
sequential access of up to 512 bits within a row
with cycle times as fast as 50 ns. Because of sta-

FEATURES

* Low power dissipation for HY53C256L
— Operating Current, 100ns : 50mA (max.)
— TTL Standby Current : 2mA (max.)
— CMOS Standby Current : ImA (max.)

« Read-Modify-Write Capability

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

* Common I/O' capability

* Fast Page Mode operation for a sustained data
rate up to 20 MHz

* 256 Refresh cycles/4 ms

* High reliability 16 pin 300 mil P-DIP and 18 pin
PLCC

* Fast access time and cycle time (ns)

tic circuitry, the CAS clock is not in the critical o ; 53C256»70j_ﬂ_v53c25(»so SRS TTSCEeTE
timing path. The flow-through column address Max RAS Access 20 % 100 120
latches allow address pipelining while relaxing Time, trac
many critical system timing requirements for Max CAS Access 15 20 25 30
Time, tcac

fast usable speed. These features make the -

. . . Min Fast Page Mode 50 55 " 60 70
HYS53C256 design is optimized suited for cache Cycle Time, tpc
based mainframe and minicomputers, gra- Min Cycle Time, trq 130 145 175 205
phics, digital signal processing and high perfor-
mance microprocessor systems.

The HY53C256L offers a maximum data re- PIN CONNECTIONS
tention power of 5 mW when operating in s, 912
CMOS standby mode and performs RAS-only AsC]t 7 18[0vss o< >0
or CAS-before-RAS refresh cycles. This mode Dn[]2 15[ 1CAS 2 11817
. . e — o
is entered by holding RAS at a voltage greater WE]3  #[dDowr  wegO3 16 ) Dour
than Vpp-0.2 when it is inactive. sl S B B
BLOCK DIAGRAM TO®E pags oA ade wha

T r__; T A2 []6 11DA4 Az 7 12 [ A4
ON-CHIP L _ a7 IO_DAs 8 9 10 1t
ADDRESS COUNTER :;5;;;232 v&l;;:;%cﬂx» | Voo[]8 9 :A7 JUUd
Ao O <L g
. ‘P DIP PLCC
c ) gs PIN NAMES
. 2 é DECODER
A 1| R | -
. —— . RAS ' | ROW ADDRESS STROBE
Ao 10 SELECTOR aiopdlid) ~ CAS | COLUMN ADDRESS STROBE
RESTORE WE | WRITE ENABLE
o FQuALZER o Ao—As | ADDRESS INPUT
DATA INPUT .
ROW ADD. BUFFER  la 6D ’ Din DATA INPUT

DECODER
&
LATCH

—
VBB GENERATOR
Vss —|

255 MEMORY ARRAY

Dour | DATA QUTPUT
Voo | POWER (+5V)
Vss GROUND




HYS53C256 262,144 X1-Bit CMOS DRAM
o

ABSOLUTE MAXIMUM RATINGS®

Ta Ambient Temperature Under Bias 0to 70 T
Tstc Storage Temperature(Plastic) —55to 125 T
VTERM Voltage on Any Pin Except Vpp Relative to Vsg -1.0to 7.0 A%
Vbbb Voltage on Vpp Relative to Vsg -10to0 7.0 A%
Tour Data Out Current 50 mA
Pr Power Dissipation 1.0 w

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

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

SYMBOL s
| Iy | Input Leakage Current(any input pin)| Vss<ViN<VDp — 10 uA
o | " | Output Leakage Current for Vss<Dour<Vpp _ 10 uA
1o High Impedance State RAS, CAS at Vi
-70 - 70
: . . —80 - 60
Ippi Vobp Supply Current, Operating tre=trc(min.) o P mA 1,2
-12 - 45
RAS, CAS at Viy, HY53C256 - 3
Ipp2 Vpp Supply Current, TTL Standby other inputs>Vss HYSIC256L — mA
-70 - 70
Vpp Supply Curren —80 - 60
Ibps __DD PPy b trc =trc(min.) mA 2
RAS-only Refresh : -10 — 50
—12 - 45
-70 - 45
Voo Supply C ' ~-80 — 40
Ippe | PP DUPPY Curment Minimum Cycle mA | 12
Fast Page Mode ‘ -10 - 35
-12 - 30
1 Vpp Supply Current, RAS>Vpp0.2V, CAS= |HY53C256 - 2 mA
PB5 ) CMOS Standby Vin, other inputs>Vss  |HYS3C256L]  — 1
) -70 - 70
Vop Supply Curren -80 - 60
Ipps 7DD Subply ~Ume y tre=trc(min) mA 2
CAS-Before-RAS Refresh -10 — 50
-12 - 45
A% Input Low Voltage(all inputs) ) -1 0.8 A"
Vi Input High Voltage(all inputs) 24 Vpp+1 \%
Vo. | Output Low Voltage | IoL=4.2mA - 04 v
Vou {Output High Voltage Ion=—5mA ] 24 — vV
NOTES : ‘
1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with the output open.
2. Ipp is dependent upon the ber of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in Fast Page

Mode.
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HY53C256 262,144 X 1-Bit CMOS DRAM
S

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

1| tras | RAS Pulse Width
2| tre Read or Write Cycle Time 130 | — | 145 — | 175 — | 205 | — | ns
3] trp RAS Precharge Time 50 | — 550 — | 65 — | 75| — | ns
4| tasr Row|Address Setup Time 0] — 0] — 0| — 0| — | ns
5] tran Row Address Hold Time 15 — 15 — 15 — 20 — ns
6| traL Column Address to RAS Lead Time 35 — (40| — | 4| -~ | 55 — | ns -
7| traD RAS to Column Address Delay Time 20 35 20 40 20 55 25 65 ns 1
8| tasc Column Address Setup Time 0 - 0 - 0 — 0 - ns
9 | tcan Column Address Hold Time 15 — 15 — 20 —_ 25 — ns
10| trep | RAS to CAS Delay 251 55 | 2560 | 25|75 30 | 90 | ns 2
11| trac Access Time from RAS , — |70 | — |8 | — [100]| — |[120] ns | 345
12| taa Access Time from Column Address — 35 — 40 - 45 — 55 ns | 56,12
13| tcac Access Time from CAS — | 15 -1 2 — 1 25 — | 30 | ns | 512
14 | tcasr) | CAS Pulse Width in Read Cycle 15 | 75K | 20 | 75K | 25 | 75K | 30 | 75K | ns
15| trsur) | RAS Hold Time in Read Cycel 15| — 20 | — 25 | — 30 | — ns
16 | trcs Read Command Setup Time 0 - 0 - 0 — 0 - ns
17 | trcu | Read Command Hold Time Referenced to CAS 51 — 5] — 51 — 5| — | ns
18 | trru Read Command Hold Time Referenced to RAS 5 — 5] — 5| — 5| — | ns
19| tcre | CAS to RAS Precharge Time 15| — | 15| —{ 15 —| 20 — 1 ns
20| torr Output Buffer Turn Off Delay 0 15 0] 20 25 0| 30 | ns 8
21{ ton Data Hold Time From CAS 0| — - 0] — 0| — | ns 8
22| twp Write Pulse Width 15 | — 5{ —{ 20| —| 25| — | ns
23| tep CAS Precharge Time 15 — 15| — 20 | — 25| — | ns
24| tar Column Address Hold Time FromRAS| 55 | — | 60 | — | 70| — | 80 | — | ns
25| tcascw) | CAS Pulse Width in Write Cycle 20| —| 25| —] 3| —| 3| — | ns
26 | trsu(w).| RAS Hold Time in Write Cycle 25 — 25 - 30 - 35 - ns
27| twer | Write Command Hold Time romRAS | 85 | — | 60 | — | 70| — | 80 | — | ns
28| twcs Write Command Setup Time 0 — 0 — 0 - 0 - ns 9,10
29 | twcn Write Command Hold Time 15 - 15 — 20 - 25 — ns
30 | tps Data In Setup Time 0 - 0 —_ 0 — 0 - ns 11
31| tpu Data In Hold Time 5] — | 15| — | 2 -] 25| — | ns 11
32| tpyr | Data In Hold Time Referenced o RAS | 55 | — | 60 | — | 70 | — | 80 { — | ms
33| trwe | Read-Modify-Write Cycle Time 155 { — {175 — | 210 | — {245 | — | ms
34| trrw | Read-Modify-Write Cycle, RAS Pulse Width 95 | — |10 | — [ 135 | — [ 160 | — | nbs
35| tRwp |RAS to WE Delay in RMW Cycle 70 | — | 80| — | 100 | — [120{ — [ ns
36| tcwp | CAS to WE Delay 151 —{ 20| — | 25| — | 30| — | ns
37| tawp Column Address to WE Delay 35 ~ 40 - 45 — 55 - ns 9
38| tcap | Access Time from Column Precharge — {4 | — |5 | — 55|~ |65 | ns | 12
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HY53C256 262,144 X 1-Bit CMOS DRAM

39| tec Fast Page Mode Read or Write Cycle Time | 50 - 55 — 60 | — 70 — ns
40 | tpem Fast Page Mode Read-Modify-Write Cycle Time 75 — 85 — 95 - 110 — ns
41 | trwe Write Command to RAS Lead Time 20 —_ 25 — | 30 — 35 — ns
42| tcwe | Write Command to CAS Lead Time 20| — 12| — | 3| —| 3| —!|ns
43 | trpc RAS 10 CAS Precharge Time 0 —_ 0 — 0 - 0 - ns
44 | tcsr CAS Setup Time, CAS-before-RAS Refresh 10 — 10 — 10 -1 10 —_ ns
45| tcur | CAS Hold Time, CAS-before-RAS Refresh 20| — 2] —| 3| —| 4] — | ns
46| tcsu | CAS Hold Time 70 | — |8 | — {100]| — 120 — | ns
47 | t1 Transition Time(Rise and Fall) 3 25 3 25 3 25 3 25 ns 13
48 | try Refresh Interval(256 Cycles) —_ 4 — 4 — 4 — 4 ms 14
NOTES :

. Operation within the tr Ap(max.) limit ensures that trac(max.) can be met. trap(max.) is specified as a reference point only. If traop is greater than the specified
trap(max.) limit, the access time is controlled by tas and tCcac-

trep(max.) is specified for reference only. Operation within trcp(max.) limits insures that tgac(max.) and taa(max.) can be met. If (gep is greater than the
specified trcp(max.), the access time is controlled by tpa and tcac. ’

3. Assumes that lRan<IRAD(max.). If trRAp is greater than tgap(max.), lRAc will increase by the amount that tRap exceeds tgap(max.).

4. Assumes that tgcp<trep(max.). If (rep is greater than tgep(max.), tRac will increase by the amount that trep exceeds trep(max.).

5. Measured with a load equivalent to two TTL inputs and 100 pF in parallel.

6. Assumes that tRaAp>tRAD(max.).
7
8.
9.

~

. Either tgry or tRcH must be satisfied for a Read Cycle to occur.
. 1OFF and toN define the time at which Doy reaches an open circuit condition and are not referenced to the output voltage levels.
. twCSs (RWD- tAWD @nd tcwp are not restrictive operating pararﬁelers.
10. twcs(min.) must be satisfied in an Early Write Cycle.
11. tpg and tpy are referenced to the latter occurrence of CAS or WE.
12. Access time is determined by the longer of taa, (CAC OF tCAP.
13. t1 is measured between Vi (min.) and Vi (max.). AC measurements assume tr =5 ns.
. An initial 200ps pause and & 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.

'

CAPACITANCE" .
(Ta=25C, Vppr=5V+ 10%, Vss=0V, unless otherwise noted.)

A
Cing Address, Din —_ 6 pF
Cinz RAS, CAS, WE — 8 pF
Cout Dour — 8 pF

NOTE. :
1. Capacitance is measured at the: worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAMS

READ CYCLE
tace)
tras()
= Vi — tar(2e)
RAS Vi — ?

tRP(3)

tRAH(S) traL®)
tasR(4) L‘ 14— tcare) —»)

"= e AL Y
Ao—he ADDRESS ADDRESS /
1 B
tRAD() tascie) —| tRsH(RY1S) {
ViH — 3
C .
B — N / /
trco(io) teasmyig tcrris)
‘ )< lRCSﬂG)—"l tRRH(18) ~o] |<—
— ViH ——
WE Vi __/ ‘222222222222; teacs) 42222222
<e——— tRCH(17) ——
! taaaz)
trac() toFF(20)
VoH —
Dour Vou — HIGH-Z VALID DATA OUT E———
tesHus) — toHeny———

EARLY WRITE CYCLE

tRee) — -

tRAs()

S Vi — tareae) J \-
Vi — -

tre(a)

—1tRAH(S) —>|

tcanie) »| -

VH —— a )
Ap—A ROW COLUMN :
Vi _mDDRESS . ADDRESS / /

I
O—lxscm)—" tRsHW)26) *>)
J— Vin — . }
CAs Ve —
trco(i0) - tc tcrPpg) [4——
tcsHas)
- twehize)
—twes2e) -
WE Vi — ] ’
twer2?)
o tonE)—e
tps(30) |e———-f

I

7

ou v 7T |///////////////// (oo

I toHRE2)

Dour Vor —— HIGH-Z
VoL ——

35




HYS3C256 262,144 X 1-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE
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FAST PAGE MODE WRITE CYCLE
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L

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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RAS-ONLY REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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HYS53C256 262,144 X 1-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY53C256 is a CMOS dynamic RAM op-
timized for high data bandwidth, low power ap-
plications. It is functionally similar to a tradi-
tional dynamic RAM. The HY53C256 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 St-
robe(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
tras 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 tzp/tcr 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 out becomes valid only when trac, taa
and tcac are all satisfied. As a result, the access
time is dependent on the timing relationships
between trac, tas and tcac. For example, the ac-
cess time is limited by tas when trac(min.) 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
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-
curs last. In the CAS-controlled write cycle

3-12

when the leading edge of WE occurs prior to
the CAS low transition, the output(Dour) pin
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.

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(Ao
through A;) with RAS at least every 4 ms.
Any read, wrtie, 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 cycle and before RAS
falls, CAS-before-RAS refresh is activated.
The HY53C256 will use the output of an inter-
nal 8-bit counter as the source of row address
and ignore external address inputs.
'CAS-before-RAS is a “refresh-only” mode
and no data access or device selection is al-
lowed. Thus, Dour will remain in the
High-Z state during the cycle. ‘

A CAS-before-RAS counter test mode is pro-
vided to ensure reliable operation of the inter-
nal refresh counter. The user can use the coun-
ter test mode to write consecutive data patterns
(256 write cycles) and then verify the written
data by applying 256 consecutive read cycles.

DATA RETENTION MODE

The HYS53C256 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 HY53C256
power consumption is reduced to the low Ipps
level. Overall Ipp consumption when operating
in this mode can be calculated as follows :

I= (trc) X (I active)+ (trx—trc) X (Ipps)

trx

Where trc=Refresh Cycle Time
trx=Refresh Interval/256




HY53C256 262,144X 1-Bit CMOS DRAM

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. Maintai-
ning 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 at the occurrence of a
valid column address rather than at the falling
edge of CAS, eliminating tasc and t; 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, access is taa or tcar controlled. If the
column address is valid prior to the rising edge
of CAS, the access time is determined by the
CAS rising edge(specified by tcar as shown in
figure 1). If the column address is valid after
the rising edge of CAS, the access is timed from
the occurrence of the valid address and is spe-
cified by tas. In both cases, the falling edge of
CAS latches the address and enables the out-
put.

Fast page mode provides a sustained data
rate of over 20 MHz for applications that re-
quire high data rates like bit-mapped graphics
or high-speed signal processing. The following

‘equation can be used to calculate the maxi-
mum data rate :

512

Data Rate= t—nc F511 Xt

DATA OUTPUT OPERATION

The HY53C256 data output pin(Dour) has a
three-state capability and is controlled by CAS.
When CAS is high(> V), the output is in the
High-Z state. Table 1 summarizes the Dour sta-
tes possible for various memory cycles.

POWER ON

After application of the Vpp an initial pause of
200ys 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 in-
terval).

During power on, the Vpp current require-
ment of the HY53C256 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 Vpp
or be held at a valid Viu during power on to
avoid current surges.
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HYS53C256 262,144 X1-Bit CMOS DRAM
L ]

TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES

Read Cycle Data from Addressed Memory Cell
CAS-Controlied Write Cycle(Early Write) High-Z

WE-Controlled Wirte Cycle(Late Write) Active, not valid
Read-Modify-Write Cycle Data from Addressed Memory Cell
Fast Page Mode Read Cycle 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 Cycle High-Z

CAS-before-RAS Refresh Cycle Data Remains as in Previous Cycle
CAS-only Cycle High-Z

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION

oS RS /X /S

—>l |<— tean ——I «— lcan

L
A VALID COLUMN ) VALID COL.
Ao—hg ADDRESS ADDRESS
{
I tcap ! taa
Dour HIGH-Z _ZVALDY fUALD\
m IGH-. DATA / " LDATA /
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HY53C256 262,144 X 1-Bit CMOS DRAM

PACKAGE INFORMATION

¢ 16 PIN PLASTIC DUAL IN LINE PACKAGE-300 MIL

MAX.
UNIT : INCH(mm) ——
O 1 1 ) 1. 01 MIN

j D

0.270(6.858)
0.250(6.350)

LT T3 L]

0.755(19.177)

0.775(19.685)
S| (7.626)
g8
&lo

0.270(6.858)
! 0.250(6.350) ‘

0.140(3.556)

0.120(3.048)
™
|/

—

o 0021(0533)
12540) 0.015(0.381)

* 18 PIN PLASTIC LEADED CHIP CARRIER—-330 MIL

0.535(13.589)
MAX.
0.520(13.208) UNIT : INCH(mm) ——
| 0.493(12.522) MIN-

0487(12.370)
Tamom

jm el

]
5
),

0.050

’ l (1.270)

0287(7.290)

0.293(7.442)

fe——
fum |
A\

0.335(8.509)
0.320(8.128)

‘ ] —
o|” '__e_Jj'_
]

oo o §
: S ~la
0032(0812) ! 5 § §
0026(0661) | = B §
N [ -
H cig ?lgg
( s 4 i

'
0.021(0533) 0050
0013(0.331)

5

1 i
0465(11.811) (1.270)
l‘ 0.422(10.719) |

0265(6.731)
0222(5639) R0035
R (0.889)

MIN 0015 (0.381) ¢
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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-
ried 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

“MOS DRAM.
M121202B-JAN92

FEATURES

* Low power dissipation for HY53C464L
— Operating Current, 100ns : 50mA (max.)
— TTL Standby Current : 2mA (max.)
— CMOS Standby Current : ImA (max.)
* Read-Modify-Write Capability

* 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 pin
PLCC

* Fast access time and cycle time (ns)

cycle times as fast as 50 ns. Because of static . . V53064 10JHYSICA64 1)
circuitry, the CAS clock is not in the critical ¥ax.RAS Access 100 120
.  t
timing path. The flow-through column address N:me (_:%CA
latches allow address pipelining while relaxing Tiﬂ:i', teac coess 25 30 35 40
many critical system timing requirements for Min_Fast Page Mode % s 6 ’s
fast usable speed. These features make the Cycle Time, trc
HY53C464 design is optimized suited for gra- Min Cycle Time, trc| 130 145 175 205
phics, digital signal processing and high perfor-
mance computing system. PIN CONNECTIONS
The HY53C464 L offers a maximum data re- ‘
tention power of 5 mW when operatinginCMOS O_'EE T Ve Fvss
standby mode and performs RAS-only or CAS- oz 7huos
before-RAS refresh cycels. This mode is ente- vot]s  1e[TAS
red by holding RAS at a voltage greater than weCle 15910,
Vop-0.2 when it is inactive. ”ASCls 1474
— — — _ As[]6 13 ] A
BLOCK DIAGRAM I T T
T ; T T As[]7 12[] A
N i\ Aq [j 8 1 ] As
A oomtsscoomen |1 e | ||| B | vl 0P
Ao O GENERATOR
, c B ‘ P DIP
8
Qa |e] 8
g ;3 H COLUMN ADDRESS PIN NAMES
83 & DECODER
g S:: ":- | [O100 AAS ROW ADDRESS STROBE
< ENSE AMP & 4 " o —
A1 wseecron - || ayreen DS CAS COLUMN ADDRESS STROBE
RESTORE WE WRITE ENABLE
EQuALIZER OE OUTPUT ENABLE
row aoo [~ 1+ Ao—A, | ADDRESS INPUT
DECQPERY 2 | MEMORY ARRAY 1/00—1/Os| DATAINPUT OUTPUT
L Voo POWER (+5V)
: Vss GROUND

Voo —»
Vss—a] VBB GENERATOR




HY53C464 65,536 X 4-Bit CMOS DRAM : .

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature Under Bias 0to 70 c
TstG Storage Temperature(Plastic) ' —55 to 125 T
VTERM Voltage on Any Pin Except Vpp Relative to Vss —1.0to 7.0 A"
Vobp Voltage on Vpp Relative to Vsg -1.0t0 7.0 v
Tout Data Out Current : 50 mA
Pt Power Dissipation 1.0 W

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

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

SYMBOL | ~ PARAMETER
| T | Input Leakage Current(any input pin)| Vss<Vin<Vpp — 10 MA
Mo | O}nput Leakage Current for Vss<Vour<Vop _ 10 uA
High Impedance State RAS, CAS at Viy
-70 - 70
Ippy Vbpp Supply Current, Operating trc=trc(min.) ——?g - ::: mA 1,2
-12 - 45
Ipp: | Vop Supply Current, TTL Standby - l;:esr ﬁ‘ﬁm“;\‘fs‘:‘ g::gﬁL = 2 mA
-70 —_ 70
Ipp3 \_]_?3 Supply Current, trc=trc(min.) —% — ke mA 2
RAS-only Refresh -10 - 50
-12 - 45
=70 — 45
Ipp4 Voo Supply Current, Minimum Cycle —80 - 40 mA 1,2
Fast Page Mode -10 — 35
-12 - | 3
Tons Vpp Supply Current, mzv.m-.o.zv, CAS= |[HY53C464 — 2 mA
CMOS Standby Vin, other inputs>Vss  [HY53C464L —
-70 - 70
Vop Supply Current, ; -80 — 60
Tooe CAS-Before-RAS Refresh ) tre=trc(min) -10 — 50 mA 2
—12 - 45,
Vie Input Low Voltage(all inputs) ) -1 0.8 \Y
Vin Input High Voltage(all inputs) 24 Vop+1 \Y
VoL Output Low Voltage IoL=4.2mA — 04 \"%
Vou Output High Voltage Ion=-5mA 24 — A%
NOTES : .
1. Ipp is dependent upon output loading when the device output is selected. Specified Ipp(max.) is measured with the output open.
2. Ipp is dependent upon the ber of address iti Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in Fast Page
Mode. .



HY53C464 65,536 X 4-Bit CMOS DRAM
|

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

1) tras RAS Pulse Width 70 | 75K 80 | 75K | 100 | 75K | 120 | 75K ns

21 trc Read or Write Cycle Time 130 — 145 - 175 - 205 — ns

3| trp RAS Precharge Time 50 | — 55| — | 65 | — 75| — | ns

4| tesu CAS Hold Time 70 | — 80 | — ) 100 | — | 120 - ns

5| teas CAS Pulse Width 25 | — 30| — | 3] —| 0| — | ns

6| trep RAS to CAS Delay 25 | 45 25 | 50 25 | 65 30 | 80 ns 1

7| trcs Read Command Setup Time 0 - 0 — 0 - 0 - ns

8 | tasr Row Address Setup Time 0 — 0 — 0 —_ 0 — ns

9 | trRAH Row Address Hold Time 15 = 15 - 15 — 20 - ns
10 | tasc Column Address Setup Time 0 — 0 — 0 —_ 0 — ns
11} tcan Column Address Hold Time 15 — 15 — 20 — 25 — ns

12 | trsur) | RAS Hold Time in Read Cycle 25 — 30 — 35 - 40 — ns

13 | ‘tcre CAS to RAS Precharge Time 15| — 15| — 15| — | 20 — | ns

14 | trcu Read Command Hold Time Referenced to CAS 5 — 5 — 5 — 5 — ns
15| trrH Read Command Hold Time Referenced to RAS 5 — 5 — 5 — 5 — ns

16 | tron | RAS Hold Time Referenced to OE 0| — 0| — 0| — 0! — | ns

17 | toac Access Time from OE — 15 — 20 | — 25 - 30 ns
18 | tcac Access Time from CAS — 25 — 30 - 35 - 40 ns 34
19| trac | Access Time from RAS — | 70 | — | 8 | — | 100 — |12 | ns | 356
20 | taa Access Time from Column Address — 35 — 40 — 45 — 55 ns 34,7
21| uz OE or CAS to Low-Z Output 0| — 0| — — — | ns | 13
2| tuz OF or CAS to High-Z Output 0| 15 0| 20 0| 25 0| 3 | ns | 13
23| tar Column Address Hold Time from RAS 55 — 60 — 70 — 80 — ns -
24| traDp RAS to Column Address Delay Time 20 35 20 40 20 55 25 65 ns 8
25| trsuw) | RAS Hold Time in Write Cycle 25| — 30 | — 350 — | 40| — | ns
26 | tcwr | Write Command to CAS Lead Time 25 ) — | 30| — | 3| — ] 4| — | ns
27| twcs Write Command Setup Time 0 - 0 — 0 — 0 — ns 9,10
28 | twcu Write Command Hold Time 15 — 15 — 20 — 25 — ns
29| twe Write Pulse Width 15 — 15 - 20 — 25 - ns
30| twcr Write Command Hold Time from RAS 55 —-— 60 - 70 — 80 — ns 11
31| trwr Writ Command to RAS Lead Time 25 — 30 — 35 — 49 | — ns
32| tps Data In Setup Time 0 — 0 - 0 — 0 — ns 11
33| tou Data In Hold Time 15 — 15 — 20 — 25 — ns 11
34| twou | Write to OE Hold Time 20| — | 20| — | 250 — ]3| )8 | 10
35| toep | OE to Data Delay Time 20| — | 25 — | 30| - | 3 —1{mn | 1
36| trRwe Read-Modify-Write Cycle Time 195 — ] 225 — | 265 — | 305 — ns
37| trrw Read-Modify-Write Cycle, RAS Pulse Width 125 - 145 - 175 — | 205 — ns
38! tcwp CAS to WE Delay 50 — 60 - 70 — 80 — ns 9
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|HYs3C46470 HYS3C46412| *
39| trwp |RAS to WE Delay in Read-Modify-Write Cycle 95 160 - ns 9
40 | tcrw | CAS Pulse Width(RMW) 80 | — | 95 | — |10 | — [125 | — | ns
41 | tawp Column Address to WE Delay 60 - 70 — 80 — 85 —_ ns 9
42 | tpc Fast Page Mode Read or Write Cycle Time 50 — 55 —_ 65 — 75 - ns
3 top CAS Precharge Time 15| — |15 — | 20| — | 25| — | ns
44| trar | Column Address to RAS Lead Time 3 | — | 40 | — | 45| — | 55| — | bs
45 | tcap Access Time from Column Precharge — 45 — 50 — 55 - 65 ns 4
46 | tpHR Data In Hold Time Referenced to RAS 55| — 60 - 70 - 80 — ns
47 | tcsr CAS Setup time, CAS-before-RAS Refresh 10 - 10 - 10 — 10 — ns
48 | trpc RAS to CAS Precharge Time 0| — 0| — 0| — 0| — | ns
49 | tcur CAS Hold Time CAS-before-RAS Refresh 20 — 25 - 30 —_ 40 — ns
50 | tpem Fast Page Mode Read-Modify-Write Cycle Time 105 — 120 — 140 — 165 — ns
51 tr Transition Time(Rise and Fall) 3 25 3 25 3 25 3 25 ns 12
52 trr Refresh Interval(256 Cycles) - 4 — 4 - 4 - 4 ms 14
NOTES.:

. trep(max.) is specified for reference only. Operation within trcp(max.) limits insures that trac(max.) and tpp(max.) can be met. If trcp is greater than the
specified trcp(max.), the access time is controlled by tas and tcac.

Either tRry or tRCcH must be satisfied for a read cycle to occur.

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

Access time is determined by the longer of taA , tcaC or tCAP.

Assumes that iR AD<tRAD (max.). If trAD is greater than trap(max.), trac Wil increase by the amount that tRap exceeds tRAp (max.).

Assumes that trep <trep(max.). If trep is greater than trep(max.), trac will increase by the amount that tgep exceeds trop(max.).

Assumes that IRAD > tRAD{(max.).

Operation within the tg Ap{max.) limit ensures that tg Ac(max.) can be met. tgAp (max.) is specified as a reference point only. If trAp is greater than the specified
trap{max.) limit, the access time is controlled by tys and tcac.

9. twes: tRWDs tAWD and tcwp are no restrictive operating parameters.

10. twcs(min.) must be satisfied in an Early Write Cycle.

11. tpg and tpy are referenced to the latter occurrence of CAS or WE.

12. tT is measured between Viy(min.) and Vi (max.). AC-measurements assume tr =5ns.

13. Assumes a three-state test load(5 pF and a 380 Ohm Thevenin equivalent)

14. An initial 200us pause and 8 m-con(aining 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.

P NS, P W

CAPACITANCE®
(TA=25T, Vop=5V+ 10%, Vss=0V, unless otherwise noted.)

Cini Address, Diy — 6 pF
Cinz RAS, CAS, WE, OE — 8 pF
Cour Dout — 8 pF

NOTES :
1. Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAMS
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OE CONTROLLED WRITE CYCLE
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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RAS-ONLY REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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CAS-BEFORE-RAS REFRESH _COUNTER TEST CYCLE
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HY53C464 65,536 X4-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY53C464 is a CMOS dynamic RAM op-
timized for high data bandwidth, low power ap-
plications, It 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 bringing RAS

low. Any memory cycle, once initiated, must

not be ended or aborted before the minimum
tras 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 tzp/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 specified by tar.
Data out becomes valid only when toac, tas 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, tcac 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-
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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 1/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 toep 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(Ao
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-before-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

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

I= (trc) X (I active) + (tax —trc) X (Ipps)

trx

Where trc=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 tr 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
mode, access is taa Or tcar 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 Rate= trc+255 Xtpc

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 I/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 dri-
vers. The output drivers, when otherwise enab-
led, 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 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 Vpp an initial pause 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 Inp will exhibit current transients. It is re-
commended that RAS and CAS track with Vpp
or be held at a valid Viy during power on to
avoid current surges.
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e

TABLE 1. DATA OUTPUT OPERATION

FOR VARIOUS CYCLE TYPES

Read Cycle

Data from Addressed Memory Cell

CAS-Controlled Write Cycle(Early Write)

High-Z

WE-Controlled Wirte Cycle(Late Write)

‘OE 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 High-Z
CAS-Before-RAS Refresh Cycle Data Remains as in Previous Cycle
CAS-only Cycle High-Z

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
— —1tcan —»| tcan |*+—
At ) S ¢ (b X
r"—_ tcAp————» lAAI -
Dout HIGH-Z J VAUD VALID \_
~ X DATA/ \ DATA /
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PACKAGE INFORMATION

¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE—300 MIL

ke kB B0 e T B e o

©

IS A S O Ry B e e
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1
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0.062(1.575)

- 0021(0.533)
0.050(1.270)

0.015(0.381)
0.100 BSC -

|

* 18 PIN PLASTIC LEADED CHIP CARRIER —330 MIL

0535(13.589)
0520(13.208)
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LITTQ
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1
0021(0533)
04013‘(3.331> 0.465(11.811) MIN 0.050(1270)
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| 0.100(2.540)

MIN 0015(0.381)

MAX,
UNIT : INCH(mm) ——
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e 0300BSC__,
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-~ 3-11° —_
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. SEMICONDUC

-‘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
in the critical timing path. The flow-through
column latch allows address pipelining while
relaxing many critical system timing require-
ments for fast usable speed. These features
make the HY51C1000 ideally suited for cache
based mainframe and mini computers, gra-
phics, digital signal processing, and high per-
formance microprocessor systems.

When RAS is > Vpp—0.2V, CMOS standby
operation mode is active, and power drops to
1.5 mW (typically).

BLOCK DIAGRAM

CAs  WE

T od T

M131202B-APR91
FEATURES
* Low power dissipation
- Operating current, 100ns : 75mA (max.)
- -TTL standby current  : 2.5mA (max.)
- CMOS standby current : 1.5mA (max.)
* Read-Modify-Write capability
. m-only, Hidden, CAS-before-RAS
refresh capability
* Common I/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)

1C1000-10 | HYSICIO00-12

Max RAS Access

Time, trac 100 120

¥ax CAS Access 2 25 30

ime, tcac

Min Fast Page Mode

Cycle Time, tpc 4 % 63

Min Cycle Time, tpc 160 190 220

PIN CONNECTIONS

RAS CLOCK
GENERATOR

9
ON-CHIP
ADDRESS COUNTER

WRITE CLOCK
GENERATOR

L

©
©

COLUMN ADDRESS
DECODER

ADDRESS
BUFFER

on 512evessscel

ADDRESS PRE-DECODER

SENSE AMP &
/0 SELECTOR

4'/1\

DATA OUTPUT

BUFFER

RESTORE

— = f
ADDRESS|

EQUALIZER

LATCH >

ROW ADD.

qﬁl’A INPUT
BUFFER

DECODER | i» MEMORY ARRAY

&
LATCH

—

Voo —|
Ve VBB GENERATOR
SS |

DnE] 1t O 18 (1 Vss
WE ﬁ 2 17 D Dout
RAS[]3 16[] TAS Dy
Ne [« 15[]a, MEJ
A []s 14[] A ,ﬁ‘? E
A []s B A
A7 12[Jas A g
] Ai[]s 1] As Al
Voo O 9 10 [ Aq V/.[\y?g di
P-DIP
PIN NAMES
—hODouv —
RAS | ROW ADDRESS STROBE
CAS | COLUMN ADDRESS STROBE
g WE | WRITE ENABLE
|=—o0n Ao-As | ADDRESS INPUT
Din DATA INPUT
Dour | DATA OUTPUT
Voo POWER (+5V)
Vss GROUND
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HY51C1000 1,048,576 X1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

TA' ] Ambient Temperature 0 to 70 °C
Tsto Storage Temperature (Plastic) —55 to 125 °C
VTERM Voltage on Any Pin Except Vpp Relative to Vss -10to 7.0 \'
Vop Voltage on Vpp Relative to Vss -1.0to 7.0 \'
Toutr Data Out Current 50 mA
Py Power Dissipation . 1.0 ‘ \\Y

NOTE: Stresses greater than those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.

DC CHARACTERISTICS
(Ta=0°Cto 70°C, Vpp=5V=+ 10%, Vss=0V, unless otherwise noted.).

S
|1i] | Input Leakage Current (any input pin) | Vss<Vin<Vpp - 10 nA
1ol Output Leakage Current for Vss<Dour< Vpp 10 A
10 High Impedance State RAS, CAS at Vi -
—80 — 95
Ippr Vpp Supply Current, Operating tre =trc (min.) -10 - 75 mA 1,2
-12 - 70
RA§, CAS at Vin,
Ipp2 Vpp Supply Current, TTL Standby other inputs > Vss - 2.5 mA
- 80 - 95
. Vpp Supply Current, _ .
Tops RAS-only Refresh tre =trc (min.) -10 _ 5 mA 2
-12 - 70
—80 - 50
Ipps | Yoo Supply Current, Minimum Cycle -10 - 40 mA 12
Fast page mode
-12 — 35
Vpp Supply Current, RAS>Vpp -0.2V, CAS=
Toos | cMOS Standby Vi, other inputs > Vs - 15 mA
. - 80 - 95
Ipps Vpp Supply Current, tre=t in. _ _
CAS-Before RAS Refresh RC=1rc {min.) 10 s mA 2
-12 - 70
ViL Input Low Voltage (all inputs) -0.5 0.8 \4 3
Vig Input High Voltage (all inputs) 2.4 Vpp +1 \' 3
VoL Output Low Voltage IoL=4.2mA - 0.4 A\
Vou Output High Voltage Ion=-5mA 24 - A\
NOTES :
L. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open.
2. Ipp is dependent upon the ber of address transitions. Specified Ipp (max.) is d with a i of two itions per address cycle in
Fast page mode. !
3. Specified V. (min.) is steady state operation. During transitions, Vi may undershoot to —1.0V for a period not to exceed 20ns. All AC parameters are

measured with Vi (min.)= Vgs and V) (max.) < Vpp,.
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AC CHARACTERISTICS
(Ta=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.)

RAS Pulse Width 80 85K 100 85K 120 85K ‘ ns

-

hd s
> |
n

2 trC 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

S tRAH Row Address Hold Time 15 — 15 - 15 - ns

6 tCAR Column Address to RAS Set-up Time 40 - 45 - 55 - ns

7 tRAD RAS to Column Address Delay Time 20 40 20 55 20 65 ns 1
8 tasc Column Address Set-up Time 0 - 0 - 0 — ns

9 tcaH Column Address Hold Time 15 - 20 - 25 - ns

10 tRCD RAS to CAS Delay 25 60 25 75 25 90 ns 2
11 trRaC 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 | teac Access Time From CAS - 20 - 25 - 30 ns 6,12
14 tCASR) ‘CAS Pulse Width in Read Cycle 20 - 25 - 30 — ns

15 | trsur) |RASHold 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 5 - 5 - 5 - ns 7
18 tRRH Read Command Hold Time Referenced to RAS 5 — 5 — 5 - ns 7
19 terRp CAS to RAS Precharge Time 5 — 5 - 10 — ns

20 torr Output Buffer Turn Off Delay 0 20 0 25 0 30 ns 8
21 ton Output Data Hold Time From CAS 0 - 0 - 0 - ns 8
22 twp Write Pulse Width 10 - 10 - 15 - ns

231 tep ‘CAS Precharge Time 10 - 10 - 15 - ns

24 1 tar Column Address Hold Time From RAS 60 - 70 - 80 - ns

25 | tcasw) |CAS Pulse Width in Write Cycle 25 - 30 - 35 - ns

26 | trsuw) |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 twen Write Command Hold Time 15 - 20 - 25 - ns

30 tps Data-In Set-up Time 0 - 0 - 0 - ns 11
31 tby Data-In Hoid Time 15 - 20 - 25 - ns 11
32 | tomr Data-In Hold Time Reference to RAS 60 - 70 - 80 - ns’

33 [ trwe RMW Cycle Time 190 - 220 = 255 - ns

34 | trrw  |RMW Cycle RAS Pulse Width 110 - 130 - 155 - ns

351 trwp |RASto WE Delay in RMW Cycle 80 - 100 - 120 — ns 9
36 | tewp |CAStoWE Delay 20 - 25 - 30 - ns 9
37 | tawp Column Address to WE Delay 40 - 45 - 55 - ns 9

38 | tcap Access Time From Column Precharge - 40 _ 50 _ 60 ns 12
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L~

39 tec Fast page mode Read or Write Cycle time ’ 45 - 55 - 65 k _k T ﬁs

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| tcw |Write Command to CAS Lead Time 25 | - 25 [ - [ 30 ] - | ns

43 | trpc RAS to CAS Precharge Time 0 - 0 — 0 - ns

44 | tes CAS Set-up Time (CAS Before RAS Cycle) 10 - 10 - 10 - ns

45 tCHR CAS Hold Time (CAS Before RAS Cycle) 20 - 30 — 30 — ns

46 tesu CAS Hold Time 80 — 100 - 120 - ns

47 tt Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 13,14
48 tR1 Refresh Interval (512 Cycle) - 8 - 8 - 8 ms 15

NOTES :

1. Operation within the tg Ap(max.) limit insures that troc(max.) can be met. trop(max.) is specified as a referenced point only. If tAp is greater than the
specified tRaAp(max.) limit, then the access time is controlled by tcaa and tcac.

2. trcp(max.) is specified for reference only. Operation within trcp(max.) and trap(max.) limit insure that tgac(max.) and tcaa(max.) can be met.
If tRCD is greater than the specified tep(max.) then the access time is controlled by tcaa and tcac.

3. Assume tIRAD<StRAD(max.) If tgap is greater than tgap(max.) then tgac will increase by the amount that top exceeds tRAp(max.)

4, Assume trcp<trep(max.) If trep is greater than trep(max.) then trac will increase by the amount that trcp exceeds trep(max.)

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

6. Assume tRAD>tRAD(max.)

7. Either tRrH or tRcH must be satisfied for a read cycle.

8. toFF and toy define the time at which the data output achieves the open circuit dition and is not refe d to the output voltage levels.

9. twCSss tWHC, tWHR» tRWDs tAWD: tCWD, are not restrictive operating parameters. .

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

11.tpg and tpy are referenced to the latter occurence of CAS or WE.

-12. Access time is determined by the longer of tcaA, tCAC OF tCAP

13.t1 is measured between Vyy (min.) and Vg (max.)

14, AC measurements assume tr=5ns. .

15. An initial pause of 200ps is required after po p and followed by a mini of 8 initialization cycles(any bination of cycles containing a RAS clock
such as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks.

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

Cint Address. Dy = 6 pF
Cinz RAS, CAS, WE — 8 pF
Cout Dout — 8 pF

NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAM
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READ-MODIFY-WRITE CYCLE
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)
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CAS-BEFORE-RAS- REFRESH COUNTER .TEST CYCLE
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FUNCTIONAL DESCRIPTION

The HY51C1000 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 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
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 tcas 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.

344

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 output (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 As) with RAS at least every 8 ms pe-
riod. 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 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 HY51C1000 offers a CMOS standby
mode that is entered by causing the RAS clock
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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 :

I= (trc) X (I active) + (trx—trc) X (Ipps)
trx

Where trc=Refresh Cycle Time
tex =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-
lly, 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 t; 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 .4 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 tcas. 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

Data Rate = 0

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.

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

Read 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 ys 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 Vpp current (Ipp) requirement of the
HY51C1000 during power on is dependent upon
the input levels of RAS and CAS. If RAS=V;
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.

3-45




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

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
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L

PACKAGE INFORMATION
* 18 PIN PLASTIC DUAL IN LINE PACKAGE - 300 MIL

|
I o I o I e M e

' . MAX
_?_@_*___’____4@‘ | UNIT £ INCH(mm) <=5

I_II_JI:II_JLi_JI_Jl_IL_I
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* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL

—

ooooo |l cooooo
V
|
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0.3050(7.7470)

=

~ 0.2950(7.4930) ]
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3-47




MEMO



DESCRIPTION

The HY51C4256 is a high speed, low power
262,144X4 CMOS dynamic random access
memory. Fabricated with HYUNDAI CMOS
technology, HY51C4256 offers a fast page
mode for high data bandwidth, fast usable
speed, CMOS standby current and extended
RAS-only refresh for low standby power.

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
sequencial access of all 512(X4)bits within a

256KX4-&tCM08 DRAM.
M151201C-JANG2

FEATURES

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

- CMOS standby current : 1.5mA (max.)

« Read-Modify-Write capability

* RAS-only, Hidden, CAS-before-RAS
refresh capability

* Fast Page mode operation for a sustained data
rate up to 20 MHz

* 512 refresh cycles/8 ms

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

* Fast access time and cycle time (ns)

row simply by changing the column address.
Because the column address access time is as —
. i Max RAS Access
fast as 50ns, a continuous data rate exceeding Time, trac 50 10 120
20 MHz can be achieved. Max CAS Access N s
. . 30
The HYS51C4256 offers high performance Time, tcac
while relaxing many critical system timing re- Min Fast Page Mode 5 p 7
. Cycle Time, t
quirements. These features make HY51C4256 yele Time, tre
ideally suited for graphics, digital signal process- Min Cycle Time, tre 160 190 20
ing, and high performance systems.
When RAS is > Vpp—0.2V, CMOS standby
. . . PIN CONNECTIONS
operation mode is active, and power drops to
1.5 mW (typically). voo AT T 301 vee
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ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0t 70 °C
Tsto Storage Temperature (Plastic) —-55 to 125 °C
VTERM Voltage on Any Pin Except Vpp Relative to Vss -10t0 7.0 A%
Vob Voltage on Vpp Relative to Vss -10to 7.0 v
Tour Data Out Current 50 mA
Pr Power Dissipation . 1.0 w

NOTE: Stresses above those listed under “Absolute Maximum Ratings” might cause permanent damage to the device.

DC CHARACTERISTICS
(Ta=0°Cto 70°C, Vpp=5V=+ 10%, Vss=0V, unless otherwise noted.)

|Tue | Input Leakage Current (any input pin) | Vss<Vin<Vpp - 10 p.A
II l Output Leakage Current for Vss<Dout< VoD _ 10 A
Lo | High Impedance State RAS, CASat Viy L
- 80 - 95
Ipp1 Vpp Supply Current, Operating tre =tgc (min.) -10 - 75 mA 1,2
-12 - 70
| ‘ RAS, CAS at Vi, _
Ipp2 Vpp Supply Current, TTL Standby other inputs > Vss 2.5 mA
- 80 - 95
Vpp Supply Current, _ . _ _
Ipp3 _RAS-only Refresh tre =trc (min.) 10 75 mA 2
-12 - 70
-80 - 50
Vpp Supply Current, .. _ _
Ibpa Fast Page Mode Minimum Cycle 10 40 mA 1,2
-12 - 35
Inps Vpp Supply Current, RAS= VDD.' 0.2v, CAS= - 1.5 mA
CMOS Standby Vin, other inputs = Vss
- 80 - 95
Iops Vop Supply Current, tre=trc (min -10 - 75 mA 2
CAS-Before-RAS Refresh RcS 1R (min)
-12 - 70
Vi Input Low Voltage (all inputs) -0.5 0.8 v 3
Vi Input High Voltage (all inputs) ) 24 | Vpp+l Y 3
VoL Output Low Voltage | lo=4.2mA ’ - 0.4 v
Vou Output High Voltage Ion= —5mA 24 - \"
NOTES:

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

2. Ipp is dependent upon the number of address transitions. Specified Ipp (max.) is measured with a maximum of two transitions per address cycle in
fast page mode.

3. Specified V,_ (min.) is steady state operation. During transitions, V,_may undershoot to —1.0V for a period not to exceed 20 ns. All AC parameters are
measured with Vi (min.)= Vg and Vi (max.) < V.
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.

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

1 tRAS RAS Pulse Width 80 85K | 100 | 85K | 120 | 85K ns

2 tRe Random Read or Write Cycle Time 160 - 190 - 220 - ns

3 trp RAS Precharge Time 70 - 80 - 90 - ns

4 tesu CAS Hold Time . 80 - 100 - 120 - ns

5 | tcas |CAS Pulse Width 30 - 35 - 40 - ns

6 | trep  |RAS to CAS Delay 25 50 | 25 65 30 80 ns 2
7 tres Read Command Set-up Time ‘ 0 - 0 - 0 - ns

8 tASR Row Address Set-up Time 0 - 0 - 0 — ns

9 tRAH Row Address Hold Time 15 . 15 - 20 - ns

10 tasc Column Address Set-up Time 0 - 0 - ] - ns

11 tcan Column Address Hold Time 15 - 20 - 25 - ns

12 | tgsuw) |RAS Hold Time in Read Cycle 30 - 35 - 40 - ns

13 | tere CAS to RAS Precharge Time 15 - 15 - 20 - ns

14 tRCH Read Command Hold Time Referenced to CAS S - 5 - 5 - ns 7
15 { trRH Read Command Hold Time Referenced toRAS | 5 - 5 - 5 - ns 7
16 | tron |RASHold Time Referenced to OE 0 - 0 - 0 - ns

17 toac Access Time from OF - 20 - 25 - 30 ns

18 tcac Access Time from CAS - 30 - 35 - 40 ns 12
19 | trac Access Time from RAS - 80 - 100 - 120 ns 3,4,5
20 tcaa Access Time from Column Address - 40 - 45 - 55 ns 5,6,12
21 tLz OE or CAS to Output Low Impedance 0 - 0 - 0 - ns 14,15
22| tuz OE or CAS to Output High- Impedance 0 20 0 25 0 30 ns | 11,1415
23 tAR Column Address Hold Time from RAS 60 - 70 = 80 - ns
24 tRAD RAS to Column Address Delay Time 1 20 40 20 55 25 65 ns 1
25 | trsuw) |RAS Hold Time in Write Cycle 30 - 35 - 40 - ns
26 | tewe Write Command to CAS Lead Time 25 - | 35 - 40 — ns
27 | twes Write Command Set-up Time ) ) 0o | - 0 - 0 - ns 8,9
28 twen Write Command Hold Time 15 - 20 - 25 - ns
29 twp Write Command Pulse Width 15 — 20 - 25 - ns
30 | twcr | Write Command Hold Time from RAS 60 - 70 - 80 - ns
31 | trwL | Write Command to RAS Lead Time 25 - 35 - 40 - ns
32| s Data-In Set-up Time ' 0 - 0 - 0 — | ns 10
33| ton Data-In Hold Time ‘ 15 - | 20 - | 25| = | ns 10
34 | twom |Writeto OE Hold Time 20 - 25 - 30 - ns
35} toro OE to Data Delay 20 — 25 _ 30 _ s
36 trRwe Read-Modify-Write (RMW) Cycle Time 220 - 265 - 305 . ns
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37 tRRW RAS Pulse Width (RMW) 140 - 175 - 205 - ns
38 | tcwn | CASto WE Delay 60 - 70 - 80 - ns 8
39 | trwp |RAS 10 WE Delay 110 - 135 - | 160 - ns 8
40 | tcaw - |CAS Pulse Width (RMW) ’ 9% .| - | o | - | 125 - | ns
41 | tawp |Column Address to WE Delay 70 — 80 - 85 - ns 8
42 tpeM Fast page mode Read-Modify-Write Cycle 50 - 65 - 75 - ns
43 | tep ‘CAS Precharge Time . 10 - 20 - 25 - ns
44 tCAR Column Address to RAS Set-up Time 40 - 45 — 55 - ns
45 tcap Access Time from Column Precharge - 45 - 60 - 70 ns 12
46 | tpur  |Data-In Hold Time Referenced to RAS 60 - 70 - 80 - ns
47 | s CAS Set-up Time (CAS Before RAS Cycle) 10 - 10 - 10 - ns
48 | tgpc  |RAS to CAS Precharge Time 0 - 0 - 0 - ns
49 | teur | CAS Hold Time (CAS Before RAS Cycle) 20 - 30 - 40 - ns
50 tr Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 13
51 tri Refresh Interval (512 Cycle) - 8 - 8 - 8 ms 16

NOTES:

~

el

10.
11.
12.
13.
- 14,
15.
16.

Operation within the tgap (Max.) limit insures that tgic (max.) can be met. tgap (max.) is specified as a reference point only. If tgay, is greater than the

specified tpap (max.) limit, then the access time is controlled by tcaa and tcac.

greater than the specified tgep (max.) then the access time is controlled by tcaa and teac.

Assume trap <tpap (Max.). If trap is greater than tgap (max.) then tgac Will increase by the amount that tgap exceeds tgap (max.).
Assume trep < treo (Max.). If trey is greater than tpep (max.) then trac will increase by the amount that trep exceeds tgep (max.).
Measured with a load equivalent to two TTL loads and 100pF.

Assume tpap = trap (Max.).

Either tggy or trey must be satisfied for a read cycle.

twess trwhs tawns tewp are not restrictive operating parameters.

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

ts and tpy are referenced to the latter occurence of CAS or WE.

tyz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels.
Access time is determined by the longer of tcaa, teacs OF toap.

tr is measured between V,y (min.) and V,_(max.) AC Measurements assume ty =5 ns.

Assume tri-state test load (5 pF and a 380 Ohm Thevenin equlvalent)

At any given temperature and voltage combination, coincid lection/selection is permissible for wired-OR devices.

An initial pause of 200us is rcquu'ed after power-up and followed bya mlmmum of 8 initialization cycle (any bination of cycles c
such as RAS-only Refresh). 8 i ion cycles are required after d period of bias without clocks.

CAPACITANCE

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

trep (max.) is specified for reference only. Operation within tgcp (max.) and trap (max.) limit insires that tgac (max.) and tcaa (max.) can be met. If trep IS

a RAS clock

Cini Address, Data Input 6 pF
Cin2 RAS, CAS, WE, OF - pF
Cout Data . Output —_ pF

NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAMS

READ CYCLE
- trc2)
\ a———tppp——
— Vi — el -
RAS Vit — taR@s) i \
teAPay tacoge) I tRsHRN12) +——tcap(a) —
J—— Viy — \4 t
CAS CAS(S) ———— \
VL — _—j tRaoes) } }
-
tasne | | tRaHE) tascqo) teani
ot <——>t fo—s1
Vin —— / RO! COLUMN
Ao-As Vi — ADDRESS \_| ADDRESS /
|

1
1cany -
o L—-' trcH(e)

trcsm) tRRH(15) | |-

w =TT | X
« TN AT T
o 52':: HIGH-Z - ‘—'Lm_.m VALID DAT:WC,:UT

EARLY WRITE CYCLE

1
trr()
Vin — k . ! a
e N : N

RCDIE) tRSHW25) terpia)
TiS Vig — \ !»AS(S)——’[ } \
Vi —
RAH(9)

tRAHE)
r tcar@s)—— S
tashie) tasciio) fe-+ > tcanm
Vin—17 ROW. COLUMN
Ao-As Vi — ADDRESS ADDRESS / /|
: tra )4————;' |
towiee)

twesz) <« twere)»

/111111 i 1AL LA

® T ’f/’////Rw}}//////////////fﬁ////////////
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WRITE CYCLE (OE CONTROLLED)

o

- N e tRP(@) ——
Vit — ——— tRAs(1)
w_ N \
' tosHie),
terp(13) | e tacoe) tRSHW 25y .-———tcama»——»
ViH— teases) / i \
Vie— _j 1RAD(24) \ -
tcanaa) —
tasrie) 4—*’1%«9» tasc o)+ teanan
- DRE I i g
Vi — ADDRESS ADDRESS
1

w =TT T T T TTTTTTTT7],

V_

Vi =
Vi —

towiize)

trwLis)

—ee TTITITTITTTIT

twon@a)

=/

tps(32)
-

LT

+—tpH(33) —>

)

e~ of

wwoossw X077/ /LI T T

READ-MODIFY-WRITE CYCLE

l{e]
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FAST PAGE MODE READ CYCLE

tRe()
trasa) *
AS Vin — tanza) . /
Vii —— N
W
terpaa) tromaz) <«—tRSHR)(12) —»
- trcoe) «—tcrug) < tcpea) ~<—| tcrr(13)
\ Fo W X le—tcass—>
— Viy — X
CAS v — \ 4——10»3(5)_*2 \d—tcns@g \ / \_
- tschw) tcar(asgy
tasR®) | trari) tasciio) tean()
0'1 T‘ — P tasc(io) | w— <—>'tcnn(11)
A Vin ROW. COLUMN COLUMN COLUMN M// /M
o=he ViL — ADD ADDRESS ADDRESS ADDRESS
‘ - [ I
1 RACH(14)
RCS(7') ton - |.~_> L tresmy . __.| let— tacsm —i -« tRCH(14)
WE V7 /7 W X i
w—
teanzo +———tcAp(as) ——— <——{cAnpo)—> tRAR(S)
toac) toacq) 2 toacz)
oF WL VLN VUL | IV
Ok Vig— / Y, l/ -y / ‘ /
otu'cus)» thz(22) l thz(e2) tcacys) .
tRac «—* < tcacne) > t - o
19
Mtz e tizen P tizeen < thzez >
Vo — VALID VALID VALID
o VoL — DATA OUT DATA OUT N
FAST PAGE MODE EARLY WRITE CYCLE
tre(3)
tRAS(). 0 -
RAS il,': : Swlmga)—» Z
BEAS
N - tpciaz)
[CRP(13) trcoe) -
l<—> -~ itcrug) < thshozs) tcrra3)
ViH —
T teass
AS Vil — _4 Q -— — \4— teass) —» / +—tcas(s) —» / \-
teska I H— tcanas) -
tasrg) | | tRAHE) tasciio) tcann tascoy | tcang tascio) | toampn |
— e e N - -— |<—> -~
Ao-As Vin— ROW COLUMN COLUMN A COLUMN K// / / / /X
Vi — ADD ADDRESS ADDRESS ADDRESS
t t [t towiiee)
< tRaD(24) > CWL(26) T cwL2e) — twesizn—»| H— ey
twesier) —| [ |<*tweHes <twcu(zs)>’ <twehe) >
WE \\?H_ ; ; ; ; ; ; ; ; ; ; >><— twe(zg) ——»- h twp(m)ak; ; ;; ; ; ;X‘H‘tWP(Zm“’ ,
W= - §
I | o |
SN/ /1) I A S A
OE Vii— / /) /
s
1oHR(46)
tDS(az;l 1toH@s) tos@z)| | torEs) tos@a2) ton(ss)
|- - -~ A -
1o Vin — VALID VALID VALID
Vi — DATA IN DATAIN . DATA IN
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Aoc-As

[[e]

l tRas(
Vi ~— Yy \
ViL— tre(3)
tesha
«—trcoEe)—> " >
trcmie2) . (WX25)
tepea)
tcases) - |<—tcnpu3)—>
N - loases) tcas®)
Vi \ & \ v / T
ViH——  RaD@)| = F £
traHE)
t
-~ CAH(11) tascio) toamies
taspe)»1 (-
e -7 e—a | tcan() tascio) > toann
W /s Sos XL/ LI
Vio— D 2Dy Y /
trwo trwi(an
RWD(39)
—] | <+-towLes
trosm |—| [« |+——tcwoee —= <—towoeg —=] | |towwes “'W"’(”)—’ﬂ < towLes)
— 4| le—o
Vmw—-/ R / S \
Vi 4 tawp(an) tawp(ary——» 1— tawp(at)—» .
| 1 — '4— > -— —~ -—
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| - ] |
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- «+— tcap(as)—=| 1QED(ES) +— toaps—e| 10EDES)
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2(e2) ] tcacis) iz
HZ(22
tracys) e tors) o T ohan | of affj
PUN f . - tcaageo)
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—| |- ‘ “"l -
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tizien

RAS-ONLY REFRESH CYCLE

Ao-As
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CAS-BEFORE-RAS REFRESH CYCLE

«—tRPC(as)—» |
tcpaa) 4
i !
ViH ——
CAS Vi — / \ y /
i thz(22)
Vow — 3 -
o el y— HIGH-Z
———]
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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o
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HIDDEN REFRESH CYCLE (READ)

Ao-As

[lle]
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HIDDEN REFRESH CYCLE (WRITE)
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FUNCTIONAL DESCRIPTION

The HY51C4256 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 HY51C4256
reads and writes 4 bits of data at a time by mul-

tiplexing a 18 bit address into a 9 bit row and

a 9 bit column address. The row address is lat-
ched by the Row Address Strobe(RAS). The
column address, however, flows through the
internal address buffer and is latched by the
Column Address Strobe (CAS). Because ac-
cess time is primarily dependent on a valid co-
lumn 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 cannot be ini-
tiated until the minimum precharge time, tge,
and tcp has elapsed.

READ CYCLE

A read cycle is performed by maintaining the

Write Enable (WE) signal high during the

RAS operation. The column address must be
held for a minimum time specified by t,z. Data
out is controlled by the Out Enable(OE) and
CAS(See the write cycle description).

Data out becomes valid only when tgac, tcaa,
toac and tcac are all satisfied. Consequently,
the access time is dependent upon the timing
relationship among trac, toac and tcac are all
satisfied.

WRITE CYCLE

A write cycle is performed by taking WE low
during a RAS operation.

The column address is latched by CAS, The
input data must be valid at or before the falling
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edge of WE or CAS, whichever occurs last. Co-
nsequently, the write cycle can be WE control-
led or CAS controlled depending upon the lat-

_ ter of WE or CAS low transition. In a CAS con-

trolled write cycle(the leading edge or WE oc-
curs prior to or coincident with the CAS low
transition) the input/output (I/O) pin will be
in the high impedance state at the beginning
of the write function. Terminating the write ac-
tion with CAS going high will maintain the I/O
in the high impedance state, terminating with
WE going high allows the output to go active,
and OE must be brought high to allow for in-
puts on the 1/O.

The HY51C4256 incorporates a self-timed
write feature which simplifies the system inter-
face and optimizes data bandwidth. After the
write function has been initiated, the HY51C4256
internally completes the write action and unlat-
ches the address and data latches. Thus, the lat-
ches are ready for the next input/output cycle.
This eliminates the need for long address and
data hold times during the write operation and
allows a subsequent column address to be app-
lied earlier. This minimizes a write pulse width,
write precharge time, and hold time which pro-
vides maximum flexibility in system design.

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 Ag) with RAS at least every 8 ms pe-
riod. Any combination of RAS cycles such
as read, write, read-modify-write, or RAS-
Only refresh cycle will perform refresh.

2. CAS-Before-RAS refresh cycle : If CAS go
low prior to RAS go low, the chip enters
CAS-Before-RAS refresh cycle. The HY 51C4256
will use an internal nine bits counter output
as the source of the row address and will ig-
nore the external address inputs.

This CAS-Before-RAS refresh mode is a ref-
resh only mode and no data access is allowed.
Also, the CAS-before-RAS refresh cycle does
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not cause device selection and the state of the
Data Output pin will remain in a high impede-
nce state.

In order to guarantee the reliable operation
of CAS-before-RAS refresh mode, an internal
counter test mode is provided. The user can use
the counter test mode to write in a data pattern
consecutively (512 write cycles) and, then ve-
rify the data which have been written by 512
consecutive read cycle.

DATA RETENTION MODE

The HY51C4256 offers a CMOS standby
mode that is entered by causing the RAS clock
to swing between a valid V. and an “extra
high” Vi, within 0.2V of Vp. While the RAS
clock is at the “extra high” level, the HY51C4256
power consumption is reduced to the low Ipps
level. Overall I, consumption when operating
in this mode can be calculated as follows :

I= (tuc) X (I active) + (trx—trc) X (Ipps)
trx

Where ty=Refersh Cycle Time
tax = Refresh Interval/512

FAST PAGE MODE OPERATION

Fast page mode operation permits all 512 co-
lumns within a selected row of the device to be
randomly accessed at a high data rate. Maintai-
ning RAS low while successive CAS cycles are
performed retains the row address internally,
eliminating the need to reapply it. The column
address buffer acts as transparent or flow th-
rough latch while CAS is high. Access begins
from the valid column address rather than from
CAS, eliminating t,sc and t; from the critical
timing path. CAS latches the address into co-
lumn address buffer and acts as an output ena-
ble.

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 tcar dependent. If
the column adderess is valid prior to or coinci-

dent with the rising edge of CAS, then the ac-
cess time is determined by the rising edge of
CAS specified by tcar 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 cases, the falling edge of CAS latches the
address and enable the output.

Fast page mode provides a sustanined data
rate over 20 MHz for applications that require
high data rate such as bit mapped graphics or
high speed signal processing. The following
equation can be used to calculate. the data
rate :

512
Data Rate = ¥ s11xte

DATA OUT OPERATION

The HY51C4256 input/output(I/O) is cont-
rolled by OE, CAS, WE and RAS. A RAS low
transition enables data to transfer into and from
a selected row address. A RAS high transition
disables data transfer and will latch the output
data if the output is enabled. After a memory
cycle is initiated by a RAS low transition, a
CAS low transition or a CAS low level enables
the internal I/O data path. A CAS high transi-
tion or a CAS high level disables the 1/0 data
path and disables the output driver if the driver
was enabled. A CAS low transition while RAS
is high has no effect on the I/O data path, nor
on the output driver.

An OE low transiton or an OE low level ena-
bles the output driver when the I/O data path
is enabled. An OF high transition or an OE
high level disables the output driver, but does
not disable the data latch when it has been ena-
bled. A WE low level disables the output driver
when a CAS low level occurs. If the WE low
transition occurs after the CAS low transition
such that the output driver is enable prior to
the WE low transition, it is necessary to use OE
to disable the output driver prior to the WE low
transition to allow data in set-up time(tps). A
WE high transition passes control of the output
drive to OE. ‘
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POWER ON

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

FIGURE 1. FAST PAGE MODE ACCESS TIME

Vin—
Cas Vi— —_/ \

The Vpp current (Ipp) requirement of the HY
51C4256 during power on is dependent upon
the input levels of RAS and CAS. If RAS=V;
during power on, the device would go into an
active cycle and Ipp would exhibit large current
transients. It is recommended that RAS and
CAS track with Vpp, or be held at a valid Vi
during power on.

DETERMINATION

Ao-As Vie—— VALID VALID
Vi —— COLUMN ADDRESS COLUMN ADDRESS

«+—tcap—

Vor

Dour
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HY51C4256 262,144 X4-Bit CMOS DRAM

PACKAGE INFORMATION

* 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL
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SUYUNDRI

SEMICONDUCTOR

'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 mode 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 HY531000 design is optimized for cache
based mainframe and minicomputers, graph-
ics, digital signal processing, and high perform-
ance microprocessor systems.

BLOCK DIAGRAM

RAS o=
CONTROL i
%5 Py Yo o] S— l
REFRESH CONTROL & DATA

ADDRESS COUNTER QUTPUT

BUFFER

COLUMN DECODER
........... DATA

P -0
SENSE AMPS & /O GATING Boreen O

MEMORY ARRAY <-— Voo

ROW DECODER |

«—— Vgg

ADDRESS BUFFER

IV 1Bit CMOS DRAM.

M171202B-JAN92
FEATURES
¢ Low power dissipation
- Operating Current, 100ns : 55mA(max.)
-TTL Standby Current  : 2mA(max.)
- CMOS Standby Current : ImA(max.)

~ » Read-Modify-Write Capability

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

* Common I/O capability

¢ Fast Page mode operation for a sustained 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 Access 60 70 80 100
Time, trac
Max CAS Access 2 20 20 25
Time, tcac
Mi

in Fast Page Mode 40 40 45 55
Cycle Time, tpc
Min Cycle Time, tg 120 130 150 180

PIN CONNECTIONS
/

DIN% 1 18 :]VSS
WE (] 2 17[Jboyr
RAS[] 3 '6[0CAS Dyt @ 2spVss
No[la BA medh  sebesd
s Hfae Meds ZPAe
A(e 13{77A,

A7 12 JAg Ase 180 Ag
As[]8 1 As AA; g ggﬁg
Voo [T} 9 10 Ay VQSE% :ig‘t

P-DIP SOJ

PIN NAMES

RAS ROW ADDRESS STROBE

CAS COLUMN ADDRESS STROBE

WE WRITE ENABLE

AgAg | ADDRESS INPUT

Din DATA INPUT

Dour | DATA OUTPUT

Vpp | POWER(+5V)

Vsg GROUND
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HY531000 1,048,576 X 1-Bit CMOS DRAM

Y

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0to 70 °C
Tste Storage Temperature —55 to 150 °C
V1ErM Voltage on Any Pin Relative to Vgg —-10t0 7.0 v
Vpp Voltage on Vpp Relative to Vgg —1.0to 7.0 v
Tout Short Circuit Qutput Current 50 mA
Pr Power Dissipation 0.6 W

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

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

| Ty | | Input Leakage Current(any input pin) | Vss<Vin <Vbp 10 HA
Mo | Ofxtput Leakage Current for Vss< D;)m <Vpp _ 10 VA
High Impedance State RAS, CAS at Vi
—60 - 85
—70 - 75
Ippt Vpp Supply Current, Operating tre=trc(min.) 80 - p> mA 1,2
-10 - 55
Ipp2 Vpp Supply Current, TTL Standby (l;ﬁs; :wﬁt:tzv{;{s 2 - 2 mA
' -0 | - 85
Vpp Supply Current, . -70 - 75
foos m-on:)y Refresh the=trc(min.) —80 - 65 mA z
—-10 - 55
-60 - 65
Ipps Voo Supply Current, Minimum Cycle - - % mA 1,2
Fast page mode —80 - 45
—10 - 35
lons Vpp Supply Current, RAS >Vop=02V, CAS= _ . mA
CMOS Standby Vi, other inputs>Vss
- 60 - 85
Vpp Supply Current, -70 - 75
fpos C—As-Bel;:re-RTs Refresh tec=tec(min.) —80 - 65 mA 2
-10 ¢ - 55
ViL Input Low Voltage(all inputs) -1 0.8 v
Vin Input High Voltage(all inputs) 24 | Vpp+l v
VoL Output Low Voltage IoL=4.2mA — 0.4 A%
Voi Output High Voltage Ion=—5mA 24 - v
NOTES :

1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open.
2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in Fast page

mode.
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HY531000 1,048,576X 1-Bit CMOS DRAM
L ]

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

1 trRAS RAS Pulse Width 60 (10K | 70 | 10K | 80 | 10K | 100 | 10K | ns

2 trC Random Read or Write Cycle Time 120 - 130 - 150 - 180 - ns

3 trp RAS Precharge Time 50| — |5 | -6 | - |7} — ns

4 tASR Row Address Set-up Time 0 - 0 - 0 - 0 - ns

5 tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns

6 tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns

7 trap | RAS to Column Address Delay Tme 15 (30 ] 15| 3 | 15 40 | 20 | 50 | ns 1
8 tasc Column Address Set-up Time 0 - 0 - 0 - 0 - ns

9 tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns

10| trcp | RAS to CAS Delay 20 | 40 | 20 | 50 | 20 | 60 | 25 | 75 | ns 2
11| trac | Access Time From RAS - 60 | — 70 | — | 80 | — | 100 ns | 345
12 taa Access Time From Column Address - 30 - 35 - 40 - 50 ns 57
13| tcac | Access Time From CAS - {2 | - 20 | — | 20) — | 25| ns | 56
14 tcas CAS Pulse Width 20 | 10K | 20 | 10K | 20 | 10K | 25 | 10K | mns

15| trsy | RAS Hold Time 20 | — 20 — | 2] — | 25 - ns

16 trRcs Read Command Set-up Time 0 — 0 - 0 - 0 - ns

17| tren | Read Command Hold Time Referenced to CAS| 0 - 0 - 0 - 0 — ns

18| trru | Read Command Hold Time Referenced o RAS| 0 | — | 0 | — | 0 | — | © - | ns

19| tcrp | CAS to RAS Precharge Time 5 - 5 — 5 — 5 - ns

20| torr Output Buffer Turn Off Delay (1] 20 | 0 20 0 20 0 20 ns

21| tow | Output Data Hold Time From CAS o | -] o] —-—]Jo]|~-]0! -1ns

22 twp Write Pulse Width 15 - 15 — |. 15 - 20 - ns

23| tcp CAS Precharge Time 0| - |10 - |10 —-]10]| - | ns

24 tAR Column Address Hold Time From RAS 50 — 55 - 60 - 75 - ns

25 twer | 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| twcu | Write Command Hold Time 15 - 15 - 15 - | 20 - ns

28 tps Data-In Set-up Time 0 - 0 — 0 - 0 - ns 11
29 toH Data-In Hold Time 15 - 15 — 15 - 20 - ns 11
30 tDHR Data-In Hold Time Reference to RAS 50 - 55 - 60 - 75 — ns

31| trwe | RMW Cycle Time 45 | — [155| — | 175 — | 210] — | ms

32| trwp | RAS to WE Delay in RMW Cycle 60 | — | 70 — | 8 | — |[10]{ - | ns 10
33| tcwp |CAS to WE Delay - 20 | — (20| — |20 -] 25| = | ns | 10
34| tawp |Column Address to WE Delay 30 | - (35| -4 -]5]|-|n |10
35| tcpa | Access Time From CAS precharge - | 35 - | 35 — | 40 | - 50 | ns | 5,12
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HY531000 1,048,576 X1-Bit CMOS DRAM

36| tpc Fast page mode Read or Write Cycle time - 40 - 45 - 55 - ns

37 tecMm Fast page mode Read-Modify-Write Cycle - 65 — 70 - 85 - ns

38| trwr | Write Command to RAS Lead Time - 12| -2 | -1]25] - | ns

39| tcw. | Write Command to CAS Lead Time - 12 -1 2 — | 25 - ns

40| trpc | RAS to CAS Precharge Time - 0 - 0 - 0 - ns

41| tcsg | CAS Set-up Time(CAS Before RAS Cycle) - 5 - 5 - 5 - ns

42| tcur | CAS Hold Time (CAS Before RAS Cycle) - 15| =15 — |2 | - | ns

43| tcsu | CAS Hold Time - 170 - {8 | - {10 - | ns

4| tr Transition Time(Rise and Fall) 50 3 50 3 50 3 50 ns | 13,14
45| tcrz | CAS to output in Low-Z - 0 - 0 - 0 | — ns 5
46| trer | Refresh Interval(512 Cycle) - 8 - 8 - 8 - 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 :

L

—

11.
12
13.
14,
15,

SXPNAM P W

. Operation within the tg Ap(max.) limit insures that tgac(max.) can be met. trap(max.) is specified as a referenced point only. If trAp is greater than the specified

trap(max.) limit, then the access time is controlled by taa.

Operation within the trcp(max.) limit insures that tg Ac(max.) can be met. tgcp(max.) is specified as a referenced point only. If trcp is greater than the specified

trep(max.) limit, then the access time is controlled by tcac:

Assume tRap<tRap(max.). If trap is greater than tgap(max.) then tgac will increase by the amount that tRap exceeds tgap(max.).

Assume tpep<trep(max.). If trep is greater than tpcp(max.) then tgac will increase by the amount that tycp exceeds tgcp(max.).

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

Assumes that tgep 2trep (max.), tRap Strap (max.)

Assumes that tgcp $trep(max.) and tRop 2tRap(max.)

Either tRpy or tycy must be satisfied for a read cycle.

toFF and toy define the time at which the data output achieves the open circuit dition and is not d to the output voltage levels.

twCs» tRWDs tcwD and tawp are not restrictive operating p They are included in the data sheet as electrical characteristics only : If twcs 2twcs

(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle : if tgywp 2trwp(min),

tcwp >tCWD(mm) and tawp 2tawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets
di is satisfied, the dition of the data out (at access time)is indeterminate.

‘DS and tpy are referenced 1o the latter occurence of CAS or WE

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

ty is measured between Vyy(min.) and Vi (max.).

AC measurements assume ty=>5ns.

An initial pause of 200ps is required after power-up and followed by a minimum of 8 initialization cycles(any

as RAS-only refresh). 8 initialization cycles are required after ded period of bias without clocks.

e

ion of cycles containing a RAS clock such

CAPACITANCE
(TA=25 'C, Vop=5V+ 10%, Vss=0V, unless otherwise noted)

Cii Address, Data In - 5 pF
Cinz RAS, CAS, WE - 7 oF
Cout . Data Out - 7 pF

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter.
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HY531000 1,048,576 X 1-Bit CMOS DRAM

TIMING DIAGRAM
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HY531000 1,048,576 X 1-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE
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HY531000 1,048,576 X1-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE
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HY531000 1,048,576 X 1-Bit CMOS DRAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tre3)

N t saalindd }
BAS Vi — [
Ve — . | tepi2a)
tenera-> T tecovo o] teoman tepoy [+—> trwi(3s) L — \

o W \ N 7 N R

Vip — t
RAH(5)
'_- L-tcms; ~ |-—tcm91

tasaia) o | [q— [ tascie teweagy

tuscce)_..i et — - tCW'-(39>’|
‘CWL(QQ!

. Vin — coL coL / /// /Dd’gm Z// /// //
Rorhe g — anD ADDDQ 4 4 / ADD v/ %0 1/
trode = AWoE2) | | twezz) — I---tncsua; tweiz2 — (—tRcsoe) ‘

RCS(16) ~ towoui < towoga™ <tewopas| P2
w wZ |/ :l( // [N/
WE iy — «-tmb(u)—’\ / /l S // J \ y. /
| t tor <« tawoy o] 1
tones AND(34) o] tDH29) (34) DH(29)
tpsi28— j 29 toses™| [+ toses |
Vin — 1 4 // /
SRS AT, O N0, U ),
»| tcacon - tcacus teacay
taan2) (R = topags) —+»  |w-toFF20)

tRaC(1) N «—tOFFi20) taa(z)

—
Von — @q VALID VALID VALID
Dour g . —HIGHZ——] DATA OUT >_' DATA OUT >_Q DAMOUT
— | [+ tcLzu5) —| | tcizus > | =+ toizieg :

- RAS-ONLY REFRESH CYCLE

tRci2

trP(3):
SL .
H
Vi — N

tasRa) | w—e|

3
I

a—tRAHS) —>

- aooess ]|>(/////////////////////////////////7//

tereng
vhe— "
™/
Doy VO T - HIGH-Z
Voo —

3-72



HY531000 1,048,576 X1-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH CYCLE
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HY531000 1,048,576 X 1-Bit CMOS DRAM

- HIDDEN REFRESH CYCLE (WRITE)
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HY531000 1,048,576 X 1-Bit CMOS DRAM

CAS-BEFORE-RAS.-:REFRESH COUNTER TEST CYCLE
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HY531000 1,048,576X 1-Bit CMOS DRAM

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 HY 531000
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 latched 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 tep/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 time specified by tax. 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, tcacand tasa. For example, the
access time is limited by taa 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.
Consequently, the input data must be valid at

or before the falling edge of WE or CAS, which- v

ever occurs last. In a CAS controlled write
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cycle (the leading edge of WE occurs priors to
or coincident with the CAS low transition)the
output(Dour) pin will be in the high impedance
state at the beginning of the write function.

Terminating the write action with RAS or
CAS going high will maintain the data output
(Dour) in the high impedance state.

REFRESH CYCLE

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

1. 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 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
pattern consecutively(512 write cycles) and
ﬂlenvenfymedatawluchhasbeenwnttenby
512 consecutive read cycles.

The HY 531000 offers a CMOS standby mode
that is entered by causing the RAS clock to
swing between a valid V, and an “extra high”
Vin 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 I, consumption when operating
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in this mode can be calculated as follows :

(tre) X (I active) + (trx—trc) X (Iops)

trx

Where tre=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. 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 t\sc and t; 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 tas or teap 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

D = ot
ata Rate= < 023 %t

DATA RETENTION MODE

The HY531000 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.

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

Read Cycle

Data from Addressed
Memory Cell

Fast Page Mode Read Cycle| Data from Addressed
Memory Cell

Fast Pa&s Mode Write Cyclel High Impedance
(Early Write)

Fast Page Mode Read-
Modify-Write Cycle

RAS-Only Refresh Cycle
CAS-Before-RAS Refresh

Data from Addressed
Memory Cell

High Impedance

Data remain the previous

Cycle cle’s state
(high impedance or low
impedance

CAS-Only Cycle High Impedance

POWER ON

An initial pause of 200 ps is required after the
application 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(greater than the
refresh interval).

The Vpp current (Ipp) requirement of the
HY531000 during power on is dependent upon
the input levels of RAS and CAS. If RAS=V;
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 Vi level
during power on.
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FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
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PACKAGE INFORMATION

¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL

|
(11 110

: UNIT : INCH(mim) o2
43¢ ————}-——_4@7_ ' N

("o :
L_JL_JL_TUI_]L_JI_JL!L_J

0.885(22.479)
0865(21.971)
0300 BSC __,,
(7.620)
0205(7.493) __|
' 0275(6.986)
l &
0n o
A { T
F] Q i ﬂp\
g 3 | ey
28 o @LO
¢ 3% 311 o
S o § g |- g
o8
Biane ™ g8
0.050(1.270) 0065(1.650) 0021(0.533) - °°
0.030(0.762) 0.050(1.270) 0016(0408) (100 BSC
(2540)

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

’ SN A
| ! 11t
& | kL
|
N I mEmp - l

MAX
UNIT : INCH(mm) ——
MIN

0.0200(0:5080)
T[T 00160(0.4064)
—|  |o O0R00BSC 00320(08128)
. 1 (2700 — ||~ oo2s0(a6604)
©
gé 1 . |
73 A | A | 4
b= PR U
t 06700(17.2466) g g 02720(6.9088) U
06710(17.0434) " § g " Tozsc0es40) 1§ g
oo
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DESCRIPTION

The HYS31000A is a high speed, low power
1,048,576 X1 bit CMOS dynamic random ac-
cess memory. Fabricated with the HYUNDAI
CMOS process, the HY531000A offers a fast
page mode for high bandwidth fast usable
speed, CMOS standby current and inherently
high CMOS reliability.

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

The HY531000A design is optimized for
cache based mainframe, minicomputers,
graphics, digital signal processing and high pe-
rformance microprocessor systems.

-NYUNDAL

PRELIMINARY

V5310004

. IMX[-Bit CMOS DRAM =
M1E1200A-JAN92

FEATURES

* Low power dissipation for The HY531000A
- Operating Current, 60ns : 85mA(max.)
-TTL Standby Current  : 2mA(max.)
-CMOS Standby Current : ImA(max.)
Read-Modify-Write Capability

* RAS-only, Hidden, CAS-Before-RAS
Refresh Capability

* Common I/O capability

¢ Fast Page mode operation for a sustained data
rate up to 25 MHz

* 512 refresh cycles/8ms

* High reliability 300 mil P-DIP, 18 pin 20/26 pin
SOJ and 400 mil ZIP

* Fast access time and cycle time (ns)

Max RAS Access

60 70 80
Time, trac
Max CAS Access

20 20 20
Time, tcac
Min Fast Page Mode|

40 40 45
Cycle Time, tpc
Min Cycle Time, trc 110 130 150

PIN CONNECTIONS

On [ 18] Jvgg
BLOCK DIAGRAM S I e
RAS (] 3 16 (] CAS [\%NECIO 26 Vss
WEd?2 250D
NC (4 15(1Aq RASC3 24:1(%§JT
NC o4 23h NC
- A5 4[] Ag NCES 22P Ag
RAS O+ conTROL A 13
[y (LX) S— , 1 106 13704
o— - A7 12{7 Ag
REFRESH CONTROL & DATA
ADDRESS COUNTER outPuT b0 Dgyr A l]s 1 as
BUFFER v A
oo (] 9 10 3
COLUMN DECODER 1 ':‘ Aa Vop
ooooooooooo DATA .
INPUT  J=—o0 Dy (P-DIP)
SENSE AMPS& /0 GATNG [=— girrenR PIN NAMES

&
i

RAS ROW ADDRESS STROBE

‘e—— Vpp

MEMORY ARRAY CAS COLUMN ADDRESS STROBE

WE WRITE ENABLE

ROW DECODER |

Ag-Ag ADDRESS INPUT

DI DATA INPUT

Dour * | DATA OUTPUT

Vop POWER(+5V)
Vss GROUND
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000A 1,048,576 X1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

SYMBOL T eamaMEmeR
Thias Ambient Temperature Under Bias 0 to 70 T
Tst Storage Temperature(Plastic) —55 to +150 ke
VTERM Voltage on Any Pin Except Vpp Relative to Vgg —10t0 7.0 \Y4
Vobp ‘Voltage on Vpp Relative to Vss —1.01t0 7.0 v
Iout Data Out Current 50 mA
Pr Power Dissipation 0.6 w

NOTE : Operation at or above Absolute

DC CHARACTERISTICS

(TAa=0°C to 70°C, Vop=5V £ 10%, Vss=0V, unless otherwise noted.)

Ratings can ad ly affect device reliability.

SYMBOL ' PARAMETER
| Iii| | Input Leakage Current(any input pin) | Vss<Vin<Vpp
| ILo! | Output Leakage Current for \EE_SD_OE_TSVDD o
High Impedance State RAS, CAS at Vi
—60 85
Ipp1 Vpp Supply Current, Operating trc=trc(min.) -70 75 1,2
—80 65
E‘TS, EATS at Vig
Ipp2 Vpb Supply Current, TTL Standby ) 2 mA
other inputs>Vss
Voo Supply C —%0 i
Tops R_j'z_%ﬂip;efr:;em’ tre=trc(min.) -70 75 | mA 2
-80 65
Vpp Supply Current, . —60 70
Iopa Minimum Cycle =70 55 mA 1,2
Fast Page Mode
-80 45
Vpp Supply Current, RAS 2 Vpp—0.2V,
Ipps | CMOS Standby CAS=Vy, other 1 mA 1,2
inputs>Vgs
Vpp Supply Current, X —60 8
Tops CAS-Before-RAS Refresh tec=trc{min.) —70 L mA 2
—80 65
Vio Input Low Voltage(all inputs) -1 0.8 \"
Vin Input High Voltage(all inputs) 24 |(Vpp+l| V
VoL Output Low Voltage IoL=4.2mA ] 04 v
Von | Output High Voltage Ton=—5mA 24 v
NOTES :

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

2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is

mode.
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HYS531000A 1,048,576 X 1-Bit CMOS DRAM

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

1| tras RAS Pulse Width 60 | 10K 70 | 10K 8 | 10K | ns
2 tRc. Random Read or Write Cycle Time 110 130 150 ns
3( trp RAS Precharge Time 40 50 60 ns
4] tasr Row Address Set-up Time 0 0 0 ns
5| traH Row Address Hold Time 10 10 10 ns
6| tra. | Column Address to RAS Lead Time 30 35 40 ns
7| traD RAS to Column Address Delay Time 15 30 15 35 15 40 | ns 1
8| tasc Column Address Set-up Time 0 0 0 ns
"9 tcan Column Address Hold Time 15 ’ 15 15 ns
10| trep | RAS to CAS Delay 20 40 20 50 20 60 | ns 2
11} trac Access Time From RAS 60 70 80 ns 3,4,5
12| taa Access Time From Column Address 30 35 40 ns 5,6,12
13| tcac | Access Time From CAS 20 20 20 | ns | 612
14 | tcas CAS Pulse Width 20 10K 20 10K 20 | 10K | ns
15( trsy | RAS Hold Time 20 20 20 ns
16 | tres Read Command Set-up Time 0 0 0 ns
17 | trcH Read Command Hold Time Referenced to W 0 0 0 ns 7
18 | trrRH Read Command Hold Time Referenced to RTS' 0 0 0 ns 7
19| tcre | CAS to RAS Precharge Time 5 5 5 ns
20| torr Output Buffer Turn Off Delay 0 20 0 20 0 20 ns -
21| ton Output Data Hold Time From CAS 0 0 0 ns
2| twp | Write Pulse Width 15 15 15 ns
23| tcp CAS Precharge Time 10 10 10 ns
24| tar Column Address Hold Time From RAS 50 55 60 ns
25| twcr | Write Command Hold Time From RAS 50 55 60 ns |
26| twcs Write Command Sel;up Time 0 0 0 ns | 9, 10 -
27| twcu | Write Command Hold Time 15 15 15 ns | ool
28| tps DAta-In Set-up Time 0 0 0 ns 11
29 ) tpu Data-In Hold Time 15 . 15 15 ns 11
30| tpur Data-In Hold Time Reference to RAS ' 50 55 60 ns
31| trwe RMW Cycle Time 135 155 175 ns
32| tgwp | RAS to WE Delay in RMW Cycle 60 70 80 ns 9
33| tcwp |CAS to WE Delay 20 20 20 ns
34| tawp | Column Address to WE Delay 30 35 40 ns
35| tcap | Access Time From CAS precharge 35 35 40 | ns 12
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36| tpc Fast page mode Read or Write Cycle time 40 40 45 ns
37| tpcm - | Fast page mode Read-Modify-Write Cycle |65 65 70 ns
38| tgwr | Write Command to. RAS Lead Time 20 20 20 ns
39| tcw. | Write Command to CAS Lead Time 20 20 20 ns
40| tgpc | RAS to CAS Precharge Time 0 0 0 ns
41| tcsr | CAS Set-up Time(CAS Before RAS Cycle) 5 5 5 ns
42| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 15 15 ns
43| tcsu | CAS Hold Time 60 70 80 ns
44| tr Transition Time(Rise and Fall) 31 50 3 50 3|5 | ns | 13,14
45| tcrz | CAS to output in Low-z 0 0 0 ns
46 | trer Refresh Interval(512 Cycle) 8 8 8 | ms
47| trasp | RAS Pulse width (Fast Page Mode) - 60 | 100K | 70 | 100K | 80 | 100K | ns
48| tcpr | CAS Precharge Time(CBR counter Test Cycle)| 40 40 40 ns
NOTES :

1. Operation within the tg Ap(max.) limit insures that tgAc(max.) can be met. tgAp(max.) is specified as a referenced point only. If tgAp is greater than the specified
tRAp(max.) limit, then the access time is controlled by taa and tcac.
2. trcp(max.) is specified for reference only. Operation within trcp(max.) and trap(max.) limit insure that tgac(max.) and ta4 (max.) can be met. If trcp
is greater than the specified tcp(max.) then the access time is controlled by tas and tcac.
3. Assume tRAD<tRAD(max.) If trap is greater than trap(max.) then tgac will increase by the amount that tRap exceeds tRAp(max.)
4. Assume tRep<trep(max.). If trep is greater than trep(max.) then trac will increase by the amount that (gcp exceeds tRep(max.)
5. Measured with a load equivalent to two TTL loads and 100pF.
6. Assume tRAD>RAD(max.)
7. Either tRRy 0T tRCH must be satisfied for a read cycle.
8. toFF and tgy define the time at which the data output achieves the open circuit dition and is not refe d to the output voltage levels.
9. tWCs» tWHC tWHR> tRWD» tAWD: tCWD are not restrictive operating parameters.
10. twcs(min,) must be satisfied in the early write cycle.
11. tpg and tpy are referenced to the latter occurenced of CAS or WE.
12. Access time is determined by the longer of tAA, tcAC or tCAP.
13. t1 is measured between Vyyy(min.) and Vi (max.).
14. AC measurements assume ty=>5ns

15. An initial pause of 200ys is requlred after p: p and foll d by a mini of 8 initialization cycle(any t of cycles ining a RAS clock such
as RAS-only refresh). 8 initialization cycles are required after ded period of bias without clocks.

(Ta=25°C, Vop=5V£ 10%, Vss=0V, unless otherwise noted)

e
Cmi Address, Data In 5 pF
Cmz RAS, CAS, WE - 7 pF
Cour Data Out - 7 pF

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAM

READ CYCLE
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READ-MODIFY-WRITE CYCLE

RAS

CAS

Ao—Ag

Dout
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FAST PAGE MODE READ CYCLE
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RAS Vin— %S traL) N
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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HY531000A 1,048,576 X1-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY531000A is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar to
a traditional dynamic RAM. The HY531000A
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 St-
robe (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 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 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
taa are all satisfied. Consequently, the access
time is dependent upon the timing relationship
among the trac, tcac and tas. For example, the
access time is limited by tas 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.
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

392

cycle (the leading edge of WE occurs priors to
or coincident with the CAS low transition)the
output(Dour) 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 output (Dour)

in the high impedance state.

REFRESH CYCLE

To retain data, 512 RAS refresh cycles 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 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-
before-RAS refresh cycle the HY531000A will
use an internal nine-bit counter cutput as the
source of the row address and will ignore the
external address input.

This CAS-before-RAS refresh mode is a
refresh 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 impedance state.

In order to guarantee the reliable operation
of the CAS-before-RAS refresh mode, a
internal counter test mode is provided. The
user can use the counter test mode to write
in a data pattern consecutively(512 write
ycles)and then verify the data which has
been written by 512 consecutive read cycles.

DATA RETENTION MODE

‘The HY531000A offers a CMOS standby mode
that is entered by causing the RAS clock to
swing between a valid Vi and an “extra high”
Vw within 0.2V of Vpp. While the RAS clock
is at the “extra high” level, the HY531000A
power consumption is reduced to the low Ippe
level. Overall Ipp consumption when operating
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in this mode can be calculated as follows :

(tae) X (I active)+ (trx—trc) X (Inps)

trx

I=

Where tyc =Refresh Cycle Time
tax = 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. Main-
taining RAS low while sucessive CAS cycles
are performed retains the row address internal-
ly, 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 t-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 taa or tcar dependent. If
the column address is valid prior to or coinci-
dent by (:-ar 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 tss, For both ca-
ses, the falling edge of CAS latches the address
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 spced signal processing. The following
equation can be used to calculate the data
rate -

1024

D = —
ata Rate= = 3%t

DATA OUTPUT OPERATION

The HY531000A data output (Doyr), which
has tri-state capability, is controlled by CAS.
During a CAS the high state (CAS at V), the
data output is in the high impedance state. The
following table summarize the Doyr state for
various types of cycles.

. oaE  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 Pa&f Mode Write Cycle High Impedance
(Early Write)

Fast Page Mode Read- Data from Addressed
Modify-Write Cycle Memory Cell

RAS-Only Refresh Cycle

CAS-Before-RAS Refresh Data remain the previous
Cycle ciy:;:le’s state

(High impedance or low
impedance

High Impedance

High Impedance

CAS-Only Cycle

POWER ON

An initial pause of 200 us is required after the
application 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 pe-

riods of bias without clocks(greater than the re-
fresh interval).

The Vpp current ( Ipp.) requirement of the
HY531000A during power on is dependent upon
the input levels of RAS and CAS. If RAS=Vgs
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 Viy level
during power on.
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FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION

= A/ \

VALID VALID
Ar—As COLUMN ADDRESS » COLUMN ADDRESS
a—1car —» e——tha——n
r wno  \ b VALID
Dour \ DATA / =\ DATA >_
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HYS531000A 1,048,576 X1-Bit CMOS DRAM
[ T R S SR R R R SRR e e e

* 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL

[
O o001 010

NIT : INCH(mm)
___}_@;__-___4_*_____._._@; | UNIT : mm MIN
/‘ .

A
\

0885(22.479)
‘ 0.865(21971)

0.300 BSC _,
(7620)

0.285(7.493)
0.275(6.086)

-

+— MIN 0.025(0.635)

|

|
l
l

B

0050(1.270) 0065(1.650) 0021(0533) il
0.030(0.762) 0050(1.2703 0016(0408) 400 BSC

(2540)

0.145(3683)
0.135(3.429) |

0.140(3.556)
0.120(3.048)
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* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE

h
h
h
g
g

BB
h
h
H

]
|
I
I
I
!
-+
|
i
|
|
|
|
0.3400(8.636)
0.3320(8433)

02950(7.493)

0.3050(7.747)

O
e
0
0
0
0
O
R
g

UNIT INCl.-|( )] MAX
: mm) ——
MIN

0.0200(0.5080)
" | 0.0160(0.4064)
0.050085C
o e 00320(08128)
1 (12r0) o 00260(06604)
g3 i A
83
$3 I | J -
°CT T 06790(17.247) ) %g 02720(6909) kD
06710(17.043) 8 © 02600(6604) - @’g
% g s
3 8
o 9
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HY531000A 1,048,576 X4-Bit CMOS DRAM

* 20 PIN ZIGZAG-IN-LINE PACKAGE —400MIL

- « 0.120(30480)

0.112(28448)
I 4
! ze |l ]2
2144898 42
S N ol | B sellfsee |
i e
| 28 I
@ | _ L LEE g
i : i JC 4
i H ! N T |
! | ! gg I S
~lleggmemm i oo - 57 | ~l-simees
| 1006(263144) | — ~— 0,100(2.5400) BSC

1.024(26.0096)
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SEMICONDUCTOR

DESCRIPTION

The HY531000AL 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 mode for high bandwidth fast usable
speed, CMOS standby current and inherently
high CMOS reliability.

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

The HY531000AL design is optimized for
cache based mainframe and minicomputers,
graphics, digital signal processing, high perfor-
mance microprocessor systems and note book
pc.

PRELIMINARY

" M1F1200A-JAN92

FEATURES
* Low power dissipation for The HY531000AL

- Operating Current, 60ns : 85mA (max.)
-TTL Standby Current  : 2mA(max.)
- CMOS Standby Current : 200pA(max.)
- Battery Back Up Current : 300uA(max.)

* Read-Modify-Write Capability

* RAS-only, Hidden, CAS-Before-RAS
Refresh Capability

* Common /O capability

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

* 512 refresh cycles/64ms

* High reliability 300 mil P-DIP, 18 pin 20/26 pin
SOJ and 400 mil ZIP.

* Fast access time and cycle time (ns)

Max RAS Access
60 70 80
Time, trac
Max CAS Access
] 20 20 20
Time, tcac
Min Fast Page Mode
i 40 40 45
Cycle Time, tpc
BLOCK DIAGRAM Min Cycle Time, trc 110 130 150
PIN CONNECTIONS
ow]t 8
(N 1 Ve
% O conTROL : — s
WEO ’&CLOCKS.____* l WE []2 17 [ bour
RAS ] 3 16{] CAS DN 1 26 b Vss
REFRESH CONTROL & wed2 @ D,
ADDRESS COUNTER OTRUT %—-,o bour N4 15[0a FTSE% % 5’523-‘”
BUFFER A5 i NC 54 23h NC
COLUMN DECODER !:l he NeQs 22 A
DATA mOe B0
SENSE AMPS& /O GATING |+ i © O A7 120 Aod9 185 Ag
A A 7
AO:)—»E % A3[]8 11 As ':;Ew \Sgﬁg
dr 15h
S ELIINE Voodo 1003 BT afge
. b & MEMORY ARRAY < Voo -
: g - Ve (P-DIP) (SO
Ago— PIN NAMES
RAS ROW ADDRESS STROBE

CAS COLUMN ADDRESS STROBE

WE WRITE ENABLE

AgAg | ADDRESS INPUT

DN DATA INPUT

Dour | DATA OUTPUT

Voo POWER(+5V)

Vss GROUND




HY531000AL 1,048,576 X 1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Taias Ambient Temperature Under Bias 0 to 70 T

Tste Storage Temperature(Plastic) —55 to +150 ie

VTERM Voltage on Any Pin Except Vpp Relative to Vsg —1.0t0 7.0 \'

Vpp Voltage on Vpp Relative to Vgs —10t0 70 \%

Tout Data Out Current 50 mA

Pr Power Dissipation 0.6 w
NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability.

DC CHARACTERISTICS

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

Input Leakage Current(any input pin) | Vss<ViN<VpD
|Io | | Output Leakage Current for ‘_’S_SSD_gU_TSVDD 10 oA
High Impedance State RAS, CAS at Viy
—60 85
Ipp1 Vpp Supply Current, Operating trc=trc(min.) —-70 75 1,2
—80 65
ooz | Vop Supply Current, TTL Standby | > CAS at Vi 2 | ma
other inputs>Vss
Vpp Supply Current, ) —60 85
Ipps RAS-only Refresh trc=trc(min.) —70 75 mA 2
—80 65
Vpp Supply Current, —% 70 .
Ipps Minimum Cycle —70 55 mA 1,2
Fast page mode
—80 45
Vpp Supply Current, _
Toos | 108 Standby RAS=CAS= vcc—0.2v 200 HA
Vop Supply Current A —&0 8
Tone CAS-Before-RAS Refresh tre=tac(min.) —70 73 mA 2
-80 65
Battery Back Up
Current
CAS=CBR cycling or 02V,
WE=Vpp—0.2V,
Add=Vpp—0.2V or 0.2V
Vpb Supply Current, 1/O=Vpp—02V or 02V or open| 300 MA 1
Ipp7 Battery Back Up tre=125ps, tras=tras(min.)
~300ns
Same as above
400 HA
except tras=300ns~1ps
ViL Input Low Voltage(all inputs) -1 0.8 v
Vin Input High Voltage(all inputs) 24 |Vpp+l| V
VoL | Output Low Voltage IoL=4.2mA 0.4 v
Vou Output High Voltage Ion=—5mA 24 \%
NOTES :

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

2. Ipp is dependent upon the

mode.
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HY531000AL 1,048,576 X 1-Bit CMOS DRAM
.

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

1] twas | RAS Pulse Width 60 | 10K | 70 | 10K | 80 | 10K | ns

2 In:- - .l{(;;idom Read or Write Cycle Time 110 130 150 ns

3| e | RAS Precharge Time 40 50 60 s

4| (AR V R(;;V.demss Set-up Time 0 0 0 ns

5| wan | Row Address Hold Time 10 10 10 ns

6| (RAL (‘()Iﬁmn Address to RAS Lead Time 30 35 40 ns

7 ';(AI) N E/Ts' to Column Address Delay Time 15 30 15 35 15 40 ns 1

8| tase Column Address Set-up Time 0 0 0 ns

9| « -A", (‘(;lumn Address Hold Time 15 15 15 ns

10| teep | RAS to CAS Delay ' 20| 4 | 20| 50| 20| 60 | ns | 2
11| wac | Access Time From RAS 60 70 80 | ns | 3,45
12| taa Acccls; Time From Column Address 30 35 40 ns | 5,6, 12
13| teac Access Time From CAS 20 20 20 ns 6, 12
14| tas | CAS Pulse Width 20 | 10K | 20 [ 10K | 20 | 10K | ns

15| twsn | RAS Hold Time 20 20 20 ns

16 | tues Rcud' Command Set-up Time 0 0 0 ns

17| twen Read Command Hold Time Referenced to CAS 0 0 0 ns

18 | trun Read C‘bmmand Hold Time Referenced to RAS 0 0 0 ns

19| tone mlo RAS Precharge Time 5 5 5 ns
20| tn | Output Buffer Tum Off Delay 0| 20 0] 20| o 20| ns 8
21| ton | Output Data Hold Time From CAS 0 0 0 ns 8
22| twp Write Pulse Width 15 15 15 ns
23| tp | CAS Precharge Time 10 10 10 ns
24| Column AAddress Hold Time From RAS 50 55 60 ns
25| twew Write (;()mmand Hold Time From RAS 50 55 60 ns
26| twes Write Command Set-up Time 0 0 0 ns 9, 10
27 | twen | Write (‘?)mmand Hold Time ) 15 15 15 ns
28| | Duteln Set-up Time 0 0 0 ns | 1
29 | thn l)ulswl;h; Hold Time 15 15 15 ns 11
300 thue I)um-ln_Hold Time Reference to RAS 50 S5 60 ns
31| tewe | RMW Cycle Time 135 155 175 ns
32| tww» | RAS to WE Delay in RMW Cycle 60 70 80 ns
33 tewn CAS to W Delay 20 20 20 ns
34| tawn | Column Address to WE Delay 30 35 40 ns
35| tear Access ’i‘ime From CAS precharge 35 35 40 ns 12
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HY531000AL 1,048,576 X 1-Bit CMOS DRAM

36 | tpc Fast page mode Read or Write Cycle time 40 | 40 45 ns
37! tpcm | Fast page mode Read-Modify-Write Cycle 65 65 70 ns
38| trwr | Write Command to RAS Lead Time ‘ 20 20 20 ns
39| tcwr | Write Command to CAS Lead Time 20 20 20 ns
40| tgpc | RAS to CAS Precharge Time 0 0 0 ns
41 | tesr CAS Set-up Time(CAS Before RAS Cycle) 5 5 5 ns
42| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 15 15 ns
43| tcsy | CAS Hold Time 60 70 80 ns
M|t Transition Time(Rise and Fall) 3| 50 3 50 3 50 | ns | 13,14
45| tcrz | CAS to output in Low-z 0 0 0 ns
46| trer | Refresh Interval(512 Cycle) 64 64 64 | ms
47| trasp | RAS Pulse width (Fast Page Mode) 60 | 100K | 70 | 100K | 80 | 100K | ns
48 | tcpr | CAS Precharge Time(CBR counter Test Cycle)| 40 40 40 ns
NOTES :

-

. Operation within the trap(max.) limit insures that tgpc(max.) can be met. trAp(max.) is specified as a referenced point only. If tg A is greater than the specified
trap(max.) limit, then the access time is controlled by tas and tcac.

2. tgcp(max.) is specified for reference only. Operation within trcp(max.) and tgap(max.) limit insure that tgac(max.) and taA (max.) can be met If trcp
is greater than the specified trcp(max.) then the access time is controlled by tps and tcac.

3. Assume traD<tRAD(max.) If tRaD is greater than trap(max.) then trac will increase by the amount that tgap exceeds tap(max.)

4. Assume lRCDETRCD(mﬂX‘)- If trep is greater than trcp(max.) then trac will increase by the amount that trcp exceeds trcp(max.)

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

6. Assume tRAD>tRAD(max.)

7. Either trRryj or trcH must be satisfied for a read cycle.

8. toFF and toy define the time at which the data output achieves the open circuit dition and is not refé d to the output voltage levels.

9. twCSs tWHC> tWHR> tRWDs tAWD» tCWD are not restrictive operating parameters.

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

11. tpg and tpy are referenced to the latter occurenced of CAS or WE.

12. Access time is determined by the longer of taA, tCAC or tCAp.

13. tr is measured between Vjy(min.) and V (max.).

14. AC measurements assume t7==5ns

15. An initial pause of 200ps is requlred after power-up and followed by a minimum of 8 initialization cycle(any bination of cycles ining a RAS clock such
as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks.

CAPACITANCE
(TA=25°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted)

Cint Address, Data In 5 pF
Civz RAS, CAS, WE - 7 oF
Cour Data Out - 7 pF
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TIMING DIAGRAM'

READ CYCLE
trc(2)
Vih — tarcz
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HY531000AL 1,048,576 X1-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE

RAS

Ao~Ag

Din

Dourt
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HY531000AL 1,048,576 X1-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE

tacH(7) —| trcHq?) —=| ' |=<—tackm)

taasp(e7)————fp————————| [*—trre) >
RS ViH— b +———traLe) — z
RAS N
Vi —— 4|
tcrpg) testag) +— tRsHis—>
— PC(36)
tcr3)
=— tRCD(10)4-~#| *+—— lcas(1g)—| "je——| | *—teasuy —> ——T1casgy —>
A Vi — 4 \ l'“'!
CAS v — \ A N\ \
8 l l
tRAH(S) ltc‘“"’l | tcan) teare)
|
tashg)*| | —>l 1 tascig) [ tascie—> 'l'—-
Vin —— R coL coL 7 CcoL sa// ///////
Ao—ho Vi — ADD. ADD ADD x ; ; ;, ADD / ; /
| |
—{—’{ F“—tncsus) — l-»tkcsua, —»| |=—tAcsgs) ——o| [« tArHag)

VIH*/:::: ::z:
WE Vip — <——tcacHs)—e <— tcacpa —» v

- tany) —»

tRac(1)
<—toFF(20) «—toFF(20)
-—— -— PE—
Dour Vou—, HIGH-2
Voo—

FAST PAGE MODE EARLY WRITE CYCLE

tre)
tRASP(47)
4 i

RAS ViH — !N . . ?

Vit — \

1csHEs)
tcappig) = . tecias)
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ViH — By )
o /N / i
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp@)
\a7)
RAS Vip —— /
Vie — %
" tchppg)»| |[4— | t CP(23)
o - tRCD(10) o] PO ™ s | trwLas)
V — -
WAL N N /
tra(s)
— tcaH®) |- ] t < towae)»
tashi)| |q— ——I - Q,L‘C_m towLiag) M ’- CAHD 1 towiee)
w= 855 ) N A i
Ro~he Vi — /NAD ADD, /, ADD AL/ /A 1///
trcd lawDE2 =" | twpizz) -»| |4 tRcsne) tweizz —| | l4—trcsoe)
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Vi — 4 / / f/ /
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SRR

CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)

Ao-As

Div
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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HY531000AL 1,048,576 X1-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY531000AL is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar to
a traditional dynamic RAM. The HY531000AL
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 St-
robe (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 depen-
dent on a valid column address, the delay time

between RAS and CAS can be long without - k

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 tge/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
tcas are all satisfied. Consequently, the access
time is dependent upon the timing relationship
among the trac, tcac and taa. For example, the
access time is limited by tas 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.
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
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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. Ter-

‘minating the write action with RAS or CAS

going high will maintain the data output (Dour)
in the high impedance state.

REFRESH CYCLE
To retain data, 512 RAS refresh cycles are re-

quired in an 64 ms period. The refresh operation

can be performed two ways :

1. Clocking each of 512 row address(A, th-
rough Ag) with RAS at least every 64 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-
beforeRAS refresh cycle the HY531000AL 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
refresh 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 impedance state.

In order to guarantee the reliable operation
of the CAS-before-RAS refresh mode, a
internal counter test mode is provided. The
user can use the counter test mode to write
in a data pattern consecutively(512 write
ycles)and then verify the data which has
been written by 512 consecutive read cycles.

DATA RETENTION -MODE

The HY531000AL offers a CMOS standby mode
that is entered by causing the RAS clock to
swing between a valid Vy_ and an “extra high”
Viu within 0.2V of Vpp. While the RAS clock
is at the “extra high” level, the HY531000AL
power consumption is reduced to the low Ipps
level. Overall Inp consumption when operating
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in this mode can be calculated as follows :

(tre) X (I active) + (tax —trc) X (Ippe)

trx

I=

Where txc=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. Main-
taining RAS low while sucessive CAS cycles
are performed retains the row address internal-
ly, 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 t; 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 tas Or tcap dependent. If
the column address is valid prior to or coinci-
dent by tcar 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 tsa, For both ca-
ses, the falling edge of CAS latches the address
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

Data Rate= = e

DATA OUTPUT OPERATION

The HY531000AL 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 Doyr state for
various types of cycles.

‘ ;"?B(’f)u[,ks,r ATE c

Data from Addressed
Memory Cell

CAS Controlled Write Cycle| High Impedance
(Early Write) R4 gh Imp

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 Cycle, High Impedance
(Early Write)

Fast Page Mode Read-
Modify-Write Cycle Memory Cell

RAS-Only Refresh Cycle High Impedance
CAS-Before-RAS Refresh Data remain the previous

Read Cycle

Data from Addressed

Cycle cycle’s state
(High impedance or low
impedance)

CAS-Only Cycle High Impedance

POWER ON

An initial pause of 200 ps is required after the
application 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 pe-

riods of bias without clocks(greater than the re-
fresh interval).

The Voo current ( Ipp ) requirement of the
HY531000AL during power on is dependent upon
the input levels of RAS and CAS. If RAS=Vjs
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.

3-111




HY531000AL 1,048,576 X1-Bit CMOS DRAM

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION

= N\ /L

VALID VALID
Ao—Aqg X COLUMN ADDRESS COLUMN ADDRESS

-a—1caP —» -

b F vALD \ : 7 VALID
our DATA 4 \ DATA
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* 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL
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* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE

h
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* 20 PIN ZIGZAG-IN-LINE PACKAGE—400MIL
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~MYUNDAI

SEMICONDUCTOR -

DESCRIPTION

The HY534256 is a high speed, low power
262,144 X4 bit CMOS dynamic random access
memory. Fabricated with the HYUNDAI
CMOS process, the HY534256 offers a fast
page mode for high bandwidth operation, fast
usable speed, CMOS standby current, and
inherently high CMOS reliability.

All inputs and outputs are TTL compatible.
Fast page mode operation allows random or
sequential access of up to 512(X4)bits within
a row with cycle times as fast as 40ns.

The HY 534256 design is optimized for cache
based mainframe and minicomputers, graph-
ics, digital signal processing, and high perform-
ance microprocessor systems.

BLOCK DIAGRAM

5 o ~ OUTPUT =
2 fomal — e
TE o—v AOCK! K ] CLOCK
. . REFRESH CONTROL &
1 ADDRESS COUNTER
! JOLUMN DE{
CO CODER o
i i; ........... 112
o 18}
| sense amps & vo GatnG f+—>| ‘surren -0 110y
Ao e -
. o
B
Al i
. . -—
s MEMORY ARRAY Voo
: g § : " vss
: )
Ago e

256K} 4-Bit CMOS DRAM
M181202B-JAN92

FEATURES

* Low power dissipation
- Operating current, 100ns : 60mA (max.)
-TTL standby current : 2mA(max.)
-CMOS standby current : ImA(max.)

* Read-Modify-Write capability

* RAS-only, Hidden, CAS-before-RAS refresh
capability

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

* 512 refresh cycles/8 ms

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

* Fast access time and cycle time (ns)

Max RAS Access
Time, tRaC

Max CAS Access
Time, tcac

Min Fast Page Mode
Cycle Time, tpc
Min Cycle Time, trc 120 130 150 180

20 20 20 25

PIN CONNECTIONS

¥oof 1 20| vgg
12  19[] VO3
we(l3 18{1 vo2
— —_ /0o d 1 26p V.
msla v TAs - oy §O 25p 10y
h o= WE { 24p 10
nel]s 6f]J0E  geda 23b G2
) AOI:G ‘5D‘\8 NC Q5 22p &t
Az e[l E
Aogg 1801 A
A 13 8
2 I: 8 :l As Ay 10 17b A7
Az ]9 120 As A2 g1 18P Ag
Az d12 15 Ag
Voo 1o tn A Vop 13 140 A4
P-DIP SOJ
RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE

AgAg | ADDRESS INPUT
1YOg/O3 | DATA INPUT/OUTPUT

Vpp POWER(+5V)
Vss GROUND
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HY534256  262,144X 4-Bit CMOS DRAM
L. ]

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0to 70 °C
Tste Storage Temperature —55 to 150 °C
VTERM Voltage on Any Pin Relative to Vgg -10t0 70 \"4
Vpp Voltage on Vpp Relative to Vss —1.0 to 7.0 v
Tour Short Circuit Output Current 50 mA
Pr * Power Dissipation 0.6 w

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

DC CHARACTERISTICS
(Ta=0°C to 70 T, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.)

7
| Ty | | Input Leakage Current(any input pin) | Vss<ViNn <Vpp 10 pA
| To | O}xtput Leakage Current for Vﬁg EP_T <Vpp _ 10 uA
High Impedance State RAS, CAS at Viy
—60 - 90
‘ -70 - 80
Ippi Vpp Supply Current, Operating trc=trc(min.) %0 — 70 mA 1,2
—10 - 60
Iopz | Vop Supply Current, TTL Standby (';:esr ﬁﬁtsi\\//sl: - 2 mA
—60 - 90
Ioos :’E)_Supply Current, tre=tre(min =70 - 80 A »
RAS-only Refresh —80 - 70
-10 - 60 ’
—60 - 70
Iops | PP Supply Current, Minimum Cycle -7 - O 1 ma 12
Fast Page Mode —80 - 50
—-10 - 40
lons Vpp Supply Current, —RT82VDDTO.2V, CAS= _ . mA
CMOS Standby Vin, other inputs>Vsg
’ —60 - 90
Ippe E Supply—C—LT et trc=trc(min.) -7 - 8 mA 2
CAS-Before-RAS Refresh —80 - 70
-10 - 60
ViL Input Low Voltage(all inputs) -1 0.8 \%
ViH Input High Voltage(all inputs) 24 Vpp+1 \Y
VoL Output Low Voltage Iop=4.2mA - 0.4 \%
Vou Output High Voltage Iop=—5mA 24 - \Y4
NOTES :

L. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open.
2. Ipp is dependent upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in fast page mode.
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AC CHARACTERISTICS
(Ta=0 T to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.)

1 trRAS RAS Pulse Width 60 | 10K | 70 | 10K | 80 10K | 100 | 10K | ns

2 tRC Random Read or Write Cycle Time 120 - 130 - 150 - 180 - ns

3 trp RAS Precharge Time 50 - 50 - 60 - 70 - ns

4| tcsy | CAS Hold Time 60 | — | 70| — |8 | - |10] - | ns

5 tcas CAS Pulse Width 20 |10K| 20 [ 10K | 20 | 10K | 25 | 10K | ns

6 | trcp | RAS to CAS Delay 20 | 40 | 20 | 50 | 20 | 60 | 25 | 75 | ns | 2
7 trCs Read Command Set-up Time 0 - 0 - 0 - 0 - ns

8 tASR Row Address Set-up Time 0 - 0 — 0 - 0 — ns

9 | tran | Row Address Hold Time 0| — 110 - ]1w0| —-1]15] -] ns

10 tasc Column Address Set-up Time 0 - 0 — 0 - 0 - ns

11 tcAH Column Address Hold Time 15 — 15 - 15 - 20 — ns

12| trsn | RAS Hold Time _ 20| - | 20| — |2 | -2 | — | ns

13| tcrp | CAS to RAS Precharge Time 5 — 5 - 5 - 5 - ns

14| tren | Read Command Hold Time Referenced to CAS| 0 -] o0 - 10 -1 0 - | ns 8
15| trru | Read Command Hold Time Referenced o RAS| 0 | — | 0 | — | 0 | — | 0 | — | ns | 8
16| tron | RAS Hold Time Referenced to OE 1w | -1} - |15 —]2 ]| -] ns

17| toac | Access Time from OE — 2| -2 |-]2]|-1]2/]| ns

18| ftcac | Access Time from CAS — |20 - ]2 | - ]2 | - |25 | s |56
19| trac | Access Time from RAS — e | — | 70| - [8 | - [100] ns [345
20 taa Access Time from Column Address - 30 — 35 - 40 - 50 ns 5.7
21 tiz 'OE or CAS to Output Low Impedance 0 - 0 - 0 - - ns 3
22 tHz OE or CAS to Output High Impedance 0 20 0 20 0 20 0 20 ns 11
23 tAR Column Address Hold Time from RAS 50 - 55 - 60 - 75 - ns

24 tRAD RAS to Column Address Delay Time 15 30 15 35 15 40 20 50 ns 1
25 tcwr | Write Command to vaead Time 20 - 20 — 20 - 25 - ns

26 twcs | Write Command Set-up Time 0 - 0 - 0 - 0 - ns 9
27 twCH Write Command Hold Time 15 - 15 - 15 - 20 — ns

28 twp Write Command Pulse Width 15 - 15 - 15 - 20 - ns 11
29| twer | Write Command Hold Time from RAS 50 | — 15| — 60| — | 75| - ns

30 tRwL Write Command to RAS Lead Time | 20 - 20 - 20 - 25 - ns

31| tps Data-In Set-up Time 0 - 1o - 0 -1 0 | - ns 10
32| tpH Data-In Hold Time 15 - 15 - 15 - 20 - ns 10
33| twon | Write to OE Hold Time 20| — 12| -2 | —-|2]| - ns

34| toep | OE to Data Delay 20| — |2 | — 12| —-|2 | — | ns

35 trwc | Read-Modify-Write(RMW) Cycle Time 175 - 185 — | 205 - 245 - ns
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36 tcwp | CAS to WE Delay 50 - 50 - 50 - 60 - ns

37| trwp | RAS to WE Delay 90 | — {100 — | 110 | — | 135 | — ns

38| tawp | Column Address to WE Delay 60 - 65 - 70 - 85 - ns

39 tpc Fast Page Mode Read or Write Cycle Time 40 - 40 - 45 - 55 - ns

40 tpcm | Fast Page Mode Read-Modify-Write Cycle Time | 95 - 95 - 100 - | 115 - ns

41| tcp CAS Precharge Time 0| —-—[10| -]10| —-—]10] -] ns

42| tpar | Column Address to RAS Lead Time 30 | -3 -4 -]s0]| -]ns

43 tcpa Access Time from Column Precharge - 35 - 35 - 40 - 50 ns 12
4 tDHR Data-In Hold Time Referenced to RAS 50 - 55 - 60 - 75 - ns

45| tcsg | CAS Set-up Time(CAS Before RAS Cycle) | 5 - 5 - 5 - 5 — | ns

46| trpc | RAS to CAS Precharge Time 0 - 0 - 0 - 0 — | ns

47| tcur | CAS Hold Time(CAS Before RAS Cycle) | 15 | — | 15 | — | 15 | — | 20 | — | ns

48 tr Transition Time(Rise and Fall) 3 50 3 50 3 50 3 50 ns 13
49| trer | Refresh Interval(512 Cycle) - 8 - 8 - 8 - 8 ms

50| ‘trasp | RAS Pulse Width(Fast Page Mode) 60 |100K| 70 [100K| 80 |100K| 100 |100K| ns

51| tcpr | CAS Precharge Time (CBR Counter Test Cycle)l 40 | — | 40 | — | 40 | — [ 50 | — | ns
NOTES : ’

. Operation within the tgAp(max.) limit insures that tg s c(max.) can be met. {g A\p(max.) is specified as a referenced point only. If RAD is greater than the specified
trap(max.) limit, then the access time is controlled by tcac:

Operation with in the tcp(max.) limit insures that tgoc(max.) can be met. tgcp{max.) is specified as a referenced point only. If trcp is greater than the specified
trep(max.) limit, then the access lime is controlled by tcac.

Assume t(RAp<tRAD(Max.). If tRAD is greater than tgap(max.) then tgac will increase by the amount that tRap exceeds tgap(max.).

Assume tgep<trep(max.). If trep is greater than tgep(max.) then tgac will increase by the amount that tRep exceeds tRcp(max.).

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

Assumes that trep 2trep (max.), trRap Strap (max.)

Assumes that tgep Strep(max.) and tRap 2trap(max.}

Either tgry or trCcH must be satisfied for a read cycle.

twess tRWD» tcwD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs 2twcs
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ; if trwD 2trwp{(min),

tcwD Ztcwp(min) and tawp 2tawp(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 satisfied, the condition of the data out (at access time)is indeterminate.

10. tpg and tpy are referenced to the latter occurence of CAS or WE

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

12. Access time is determined by the longer of ta, tCAC» OF tCPA-

13. Vyp(max.) and AC measurements assumen ty=>5ns

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

N

LRNR P I

ion of cycles ining a RAS clock such

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

Cn1 - Address, Data input - 5 pF
Cinz RAS, CAS, WE, OE - 7 =
Cins Data Out - 7 pF

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAMS
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WRITE CYCLE (OE CONTROLLED)
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FAST PAGE MODE™ READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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HY534256 262,144 X4-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH CYCLE
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HY534256 262,144 X4-Bit CMOS DRAM

HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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HY534256 .262,144X4-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY534256 is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar
to a traditional dynamic RAM. The HY534256
reads and writes 4 bits of data at a time by
multiplexing a 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, 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 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 tgas timing specification. This
ensures proper device operation and data inte-
grity. Additionally, a new -cycle cannot be initi-
tiated until the minimum precharge time, tgrp,
and tcp has elapsed.

READ CYCLE

A read cycle is performed by maintaining the
Write Enable (WE) signal high during the
RAS operation. The column address must be
held for a minimum time specified by t,z. Data
out is controlled by the Out Enable(OE) and
CAS(See the write cycle description).

Data out becomes valid only when tgac, taa,
toac and tcac are all satisfied. Consequently,
the access time is dependent upon the timing
relationship among trac, toac and tcac are all
satisfied. :

WRITE CYCLE

A write cycle is performed by taking WE low
during a RAS operation.

The column address is latched by CAS, The
input data must be valid at or before the falling
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edge of WE or CAS, whichever occurs last.
Consequently, the write cycle can be WE
controlled or CAS controlled depending upon
the latter of WE or CAS low transition. In a
CAS controlled write cycle(the leading edge or -
WE occurs prior to or coincident with the CAS
low transition)the input/output (I/0) pin will
be in the high impedance state at the beginning
of ‘the write function. Terminating the write
action with CAS going high will maintain the
I/O in the high impedance state, terminating
with WE going high allows the output to go
active, and OE must be brought high to allow
for inputs on the 1/O.

The HY534256 incorporates a self-timed
write feature which simplifies the system
interface and optimizes data bandwidth. After
the write funcition has been initiated, the
HY534256 internally completes the write
action and unlatches the address and data
latches. Thus, the latches are ready for the next
input/output cycle. This eliminates the need for
long address and data hold times during the
write operation and allows a subsequent
column address to be applied earlier. This
minimizes a write pulse width, write precharge’
time, and hold time which provides maximum
flexibility in system design.

REFRESH CYCLE

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

1. 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.

2. CAS-before-RAS refresh cycle : If CAS go
low prior to RAS go low, the chip enters
CAS-before-RAS  refresh  cycle. The
HY534256 will use an internal nine bits
counter output as the source of the row
address and will ignore the external address
inputs.

This CAS-before-RAS refresh mode is a
refresh only mode and no data access is
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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 impedance state.

In order to guarantee the reliable operation
of CAS-before-RAS refresh mode, an internal
counter test mode is provided. The user can use
the counter test mode to write in a data pattern
consecutively (512 write cycles) and, then
verify .the data which has been written by
512 consecutive read cycles.

DATA RETENTION MODE

The HY534256 offers a CMOS standby
mode that is entered by causing the RAS clock
to swing between a valid V. and an “extra
high” Vy; within 0.2V of Vpp. While the RAS
clock is at the “extra high” level, the HY 534256
power consumption is reduced to the low Ipp;s
level. Overall Ipp consumption when operating
in this mode can be calculated as follows :

i= (tae) X (I active) + (trx—trc) X (Ipps)
trx

Where tgc =Refersh Cycle Time '
trx =Refresh Interval/512

FAST PAGE MODE OPERATION

Fast page mode operation permits all 512
columns within a selected row of the device to
be randomly accessed at a high data rate.
Maintaining RAS low while sucessive CAS
cycles are performed retains the row address
internally, eliminating the need to reapply it.
The column address buffer acts as 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 latches the address
into column address buffer and acts as an
output ¢nable.

During this operation, read, write, and read-
modify-write, or read-write-read cycles are
possible at random or sequential address within
a low. Following the entry cycle into fast page
mode, access time is taa or tcap dependent. It

the column address is valid prior to or
coincident 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 tas, For both
cases, the falling edge of CAS latches the
address and enable the output.

Fast page mode provides a sustanined data
rate over 25 MHz for applications that require
high data rate such as bit mapped graphics or
high speed signal processing. The following
equation can be used to calculate the data
rate :

512

Data Rate= mtkc+511Xtm

DATA OUTPUT OPERATION

The HY534256 input/output(I/O) is

‘controlled by OE, CAS, WE and RAS. A RAS

low transition enables data to transfer into and
from a selected row address. A RAS high
transition disables data transfer and will latch
the output data if the output is enabled. After
a memory cycle is initiated by a RAS low
transition, a CAS low transition or a CAS low
level enables the internal I/O data. A CAS high
transition or a CAS high level disables the I/O
data path and disables the output driver if the
driver was enabled. A CAS low transition while
RAS is high has no effect on the I/O data path,
nor on the output driver.

An OE low transiton or an OE low level
enables the output driver when the I/O data
path is enabled. An OE high transition or an
OE high level disables the output driver, but
does not disable the data when it has been
enabled. A WE low level disables the output
driver when a CAS low level occurs. If the WE
low transition occurs after the CAS low
transition such that the output driver is enable
prior to the WE low transition, it is neccessary
to use OE to disable the output driver prior to
the WE low transition to allow data in set-up
time(tos). A WE high transition passes control
of the output drive to OE.
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POWER ON

An initial pause of 200 ys is required after the
application 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
initialization cycles are required after extended
periods of bias without clocks(greater than the
refresh interval). k

The Vpp current (In,) requirement of the
HY534256 during power onisdependent upon
the input levels of RAS and CAS. If RAS=V
during power on, the device would go into an
active cycle and Ipp would exhibit large current
transients. It is recommended that RAS and
CAS track with Vp or be held at a valid Viu
during power on.

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
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PACKAGE INFORMATION
e 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL
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DESCRIPTION

The HY534256A  is a high speed, low power
262,144 X4 bit CMOS dynamic random access
memory. Fabricated with the HYUNDAI
CMOS process, the HY534256A offers a fast
page mode for high bandwide operation, fast
usable speed, CMOS standby current, and
inherently high CMOS reliability.

All inputs and outputs are TTL compatible.
Fast page mode operation allows random or se-
quential access of up to 512 X4 bits within a row
with cycle times as fast as 40ns.

The HYS34256A  design is optimized for ca-
che based mainframe, minicomputers, gra-
phics, digital signal processing and high perfor-
mance microprocessor systems.

BLOCK DIAGRAM

s ” ml o OUTPUT o
CAS o—e Mnx [ e : v
Cac — CLOCK
REFRESH CONTROL &
I ADDRESS COUNTER
COLUMN DECODER
........... Vo
1o l/oé
[ sense amps & vo cating J+—) aurren 1103
Aco» q
MEMORY ARRAY “—— Voo
iL VSS

M1C1200A-JAN92

FEATURES

* Low power dissipation

- Operating current, 60ns :
-TTL Standby current  : 2mA(max.)

-CMOS Standby Current : 1mA {max.)

¢ Read-Modify-Write capability

* RAS-only, Hidden, CAS-Before-RAS refresh
capability

¢ Fast Page mode operation for a sustained data
rate up to 25 MHz

¢ 512 refresh cycles/8ms

* High reliability 300 mil 20 pin P-DIP,
20/26 pin SOJ and 400 mil ZIP.

¢ Fast access time and cycle time (ns)

90mA (max.)

Max RAS Access

60 70 80
Time, trac
Max CAS Access
20 20 20
Tinlev tcac 1
Min Fast Page Mod
a8 % 40 40 45

Cycle Time, tpc
Min Cycle Time, trc 110

130 150

PIN CONNECTIONS

0o 1 20 Vss
1704 E 2 195 /O3
wells B[] vor .
RAS[Ja 17[] cAS :;%S;
nel]s ]l o g%
e 15[ as OF
Ay E 7 ul] A
A fs 131 ag A
mle  12[1as x
Voo o 1A ﬁf
(P-DIP)
PIN NAMES ] ] —
~ RAS ROW ADDRESS STROBEJ ";02 3] [[::: c.,'?)s3
As COLUMN ADDRESS STROBE | ,,?,f % o] oo
WE WRITE ENABLE RAs [ 9] % :/CE
oF OUTPUT ENABLE 2‘; % 2] a
AyAg | ADDRESS INPUT vee [ Y4 A
VOg/O3 | DATA INPUT/OUTPUT as [17] :: z
Vb | POWER(+5V) * 2] G 4g -
Vss GROUND (z1p)
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HY534256A 262,144 X4-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Thias Ambient Temperature 0to 70 c
Tsrc Storage Temperature —55 to +150 c
VTERM Voltage on Any Pin Relative to Vss -1.0t0 70 \"
Vop : Voltage on Vpp Relative to Vgg —10t0 70 \%
Tout Short Circuit Output Current ; 50 mA
Pr Power Dissipation 0.6 w

NOTE : Operation at or above Absolute N

Ratings can adversely affect device reliability.

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

[T ! | Input Leakage Current(any input pin) | Vss<VINSVDD ' 10
[Io | | Output Leakage Current for Vss<Dour<Vpp 10 uA
High Impedance State RAS, CAS at Vi
—60 90
Ippy Vpp Supply Current, Operating trc=trc(min.) -70 80 mA 1,2
—80 70
RAS, CAS at V;
Iop: | Vop Supply Current, TTL Standby H 2 | mA
other inputs>Vss
Vpp Supply Current, —%0 X
pp Supply Curren
I —_— trc=trc(min.) -70 80 mA 2
PP RAS-only Refresh ReTIRe
. —80 70
Vpp Supply Current, —® 70
Uy urren
Iope |0 PRy Minimum Cycle -70 60 | mAa | 1,2
' Fast page mode
—80 50
Vpp Supply Current, RAS>Vpp—0.2V, CAS=Vy
Iops | — —-— ~. 1 mA
CAS-Before-RAS Refresh Other inputs>Vss
Voo Supply Current —%0 %
DD Supply Curren
I —_ —_— trc=trc(min.) =70 80 mA 2
PP | CAS-Before-RAS Refresh RETRE
—80 70
ViL Input Low Voltage(all inputs) g i -1 | 08 v
Vin Input High Voltage(all inputs) 24 |Vppt1 \"
VoL Output Low Voltage IoL=4.2mA 04 A%
Vou Output High Voltage Ion=—5mA 24 v
NOTES :
L. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open.
2. Ipp is dependent upon the ber of address Specified Ipp(max.) is d with a of of two per address cycle in Fast page

mode.
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HY534256A 262,144 X 4-Bit CMOS DRAM
B

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

1| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 8 | 10K | ns

21 trc Random Read or Write Cycle Time 110 120 150 ns

3| trp RAS Precharge Time 40 50 60 ns

4| tcsu | CAS Hold Time 60 70 80 ns

5| tcas CAS Pulse Width 20 10K 20 | 10K 20 10K | ns

6| trcp | RAS to CAS Delay 15 40 | 20 50 20 60 | ns

71 trcs Read Command Set-up Time 0 0 ns

8 | . tasr Row Address Set-up Time 0 0 ’ ns

9| tran Row Address Hold Time 10 10 10 ns
10 | tasc Column Address Set-up Time 0 0 0 ns
11| tcan Column Address Hold Time 15 15 15 ns
12| trsy | RAS Hold Time 20 20 20 ns
13| tcre | CAS to RAS Precharge Time S 5 5 ns
14| trcn | Read Command Hold Time Referenced to CAS 0 0 0 ns
15| trry Read Command Hold Time Referenced to RAS 0 0 0 ns
16 | tron | RAS Hold Time Referenced to OF 10 10 15 ns
17| toac | Access Time from OE 20 25 20 | ns 34,5
18| tcac | Access Time from CAS 20 20 20 | ns 5,7
19| trac Access Time from RAS 60 70 80 ns 3
20| taa Access Time from Column Address 30 35 40 ns 11
21| tiz OE or CAS to Output Low Impedance 0 0 0 ns
2| tuz OE or CAS to Output High Impedance 0 20 0 20 0 20 | ns
23 | tar Column Address Hold Time from RAS 50 55 60 ns
24 | trAD RAS to Column Address Delay Time ' 15 30 15 35 15 40 ns 1
25| tcwL | Write Command to CAS Lead Time 20 20 20 ns
26| twcs Write Command Set-up Time 0 0 0 ns 9
27| twen | Write Command Hold Time 10 15 15 ns
28| twp Write Command Pulse Width 10 15 15 ns 11
29| twcr | Write Command Hold Time from RAS 50 55 60 ns
30| trwr Write Command to RAS Lead Time 20 20 20 ns
31| tos Data-In Set-up Time - (1] 0 0 ns 10
32| tpu Data-In Hold Time 10 15 15 ns 10
33| twon | Write to OE Hold Time 20 20 20 ns
34| toep | OE to Data Delay 20 20 20 ns
35| trwc | Read-Modify-Write(RMW)Cycle-Time 165 185 205 ns
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36| tcwp | CAS to WE Delay ' ‘ 50 50 50 ns
37| trwp | RAS to WE Delay 20 100 110 ns
38| tawp | Column Address to WE Delay 60 65 70 ns
39| tec Fast Page Mode Read or Write Cycle Time 40 40 45 ns
40 | tpcy | Fast Page Mode Read-Modify-Write Cycle Time | 95 95 100 ns
41| tep CAS precharge Time 10 10 10 ns
42 | traL Column Address to RAS Lead Time 30 35 40 ns
43| tcpa | Access Time from Column Precharge 35 : 35 40 | ns 12
44| tpyr | Data Hold Time Referenced to RAS 50 55 60 ns
45! tcsg | CAS Set-up Time(CAS Before RAS Cycle) 5 5 5 ns
46 | trpc RAS to CAS Precharge Time 0 0 0 ns
47| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 15 15 ns
48 | tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 13
49| trer | Refresh Interval(512 Cycle) 8 8 8 | ms
50 | trasp | RAS Pulse width(Fast Page Mode) 60 100K 70 100K 80 100K | ns
51| tcpr CAS Precharge Time(CBR Counter Test Cycle)] 40 40 40 ns
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NOTES :

1. Operation within the tgAp(max.) limit insures that troAc(max.) can be met. tgAp(max.) is specified as a referenced point only. If t Ap is greater than the specified
tRAD(max.) limit, then the access time is controlled by tas and tcac.

2. trep(max.) is specified for reference only. Operation within tgcp(max.) and trop(max.) limit insure that trac(max.) and taa (max.) can be met. If tRep
is greater than the specified trcp(max.) then the access time is controlled by tx5 and tcac.

3. Assume tRAD<IRAD(max.) If trap is greater than trap(max.) then trac wilt i by the that tRAD ds trap(max.)

4. Assume trepSIRCD(max.). If tRep is greater than trep(max.) then trac will i by the that trcp ds tcp(max.)

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

6. Assume that trcD2tRCD(max.), tRADSIRAD(Max.)

7. Assume that tcpZ!RCD(max.) and trap>(max.)

8. Either tgRrH or tRcH must be satisfied for a read cycle.

9. twCs: tRWD» tcwD and tAwp are not restrictive operating p They are included in the data sheet as electrical characteristics only : If twcs>twcs(min),
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle : if (Rwp>tRwp(min), tcwp>tcwp
(min) and (AWDZ'AWD(miﬂ)w 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 satisfied, the condition of the data out(at access time) is indeterminate.

10. tpg and tpy are referenced to the latter occurence of CAS or WE

11.'tyz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels.

12. Access time is determined by the longer of tpAA, tCAC OF LCAP-

13. Vi(max.) and AC measurements assumen tT=5ns

14. An initial

15. An initial pause of 200ys is required after power-up and followed by a mini of 8 initialization cycles(any bination of cycles ining a RAS clock such
as RAS-only refresh). 8 initializati cycles are required after ded period of bias without clocks.

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

Cini Address, Data input 5 pF
Cinz RAS, CAS, WE, OE - 7 pF
Cout Data Out - 7 pF l

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAM
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EARLY WRITE CYCLE
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WRITE CYCLE (OE CONTROLLED)
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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HY534256A 262,144 X4-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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HY534256A 262,144X4-Bit CMOS DRAM

FUNCTIONAL DESCRIPTION

The HY534256A is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar
to a traditional dynamic RAM. The HY534256A
reads and writes 4 bits-of data at a time by
multiplexing a 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, 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 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 tgas timing specification. This
ensures proper device operation and data inte-
grity. Additionally, a new cycle cannot be initi-
tiated until the minimum precharge time, tgp,
and t¢p has elapsed.

READ CYCLE

A read cycle is performed by maintaining the
Write Enable (WE) signal high during the
RAS operation. The column address must be
held for a minimum time specified by t,;. Data
out is controlled by the Out Enable(OE) and
CAS(See the write cycle description).

Data out becomes valid only when trac, taa,
toac and tcac are all satisfied. Consequently,
the access time is dependent upon the timing
relationship among trac, toac and tcac are all
satisfied.

WRITE CYCLE

A write cycle is performed by taking WE low
during a RAS operation.

The column address is latched by CAS, The
input data must be valid at or before the falling
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edge of WE or CAS, whichever occurs last.
Consequently, the write cycle can be WE
controlled or CAS controlled depending upon
the latter of WE or CAS low transition. In a
CAS controlled write cycle(the leading edge or
WE occurs prior to or coincident with the CAS
low transition)the input/output (I/O) pin will
be in the high impedance state at the beginning
of the write function. Terminating the write
action with CAS going high will maintain the
I/O in the high impedance state, terminating
with WE going high allows the output to go
active, and OE must be brought high to allow
for inputs on the 1/0.

The HY534256A incorporates a self-timed
write feature which simplifies the system
interface and optimizes data bandwidth. After
the write funcition has been initiated, the
HYS534256A internally completes the write
action and unlatches the address and data
latches. Thus, the latches are ready for the next
input/output cycle. This eliminates the need for
long address and data hold times during the
write operation and allows a subsequent

‘column address to be applied earlier. This

minimizes a write pulse width, write precharge
time, and hold time which provides maximum
flexibility in system design.

REFRESH CYCLE

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

1. Clocking each of 512 row address(A,
through A;) 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.

2. CAS-before-RAS refresh cycle : If CAS go
low prior to RAS go low, the chip enters
CAS-before-RAS  refresh  cycle. The
HY534256A will use an internal nine bits
counter output as the source of the row
address and will ignore the external address
inputs.

This CAS-before-RAS refresh mode is a
refresh 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 impedance state.
- In order to guarantee the reliable operation
of CAS-before-RAS refresh mode, an internal
counter test mode is provided. The user can use
the counter test mode to write in a data pattern
consecutively (512 write cycles) and, then
verify the data which has been written by
512 consecutive read cycles.

DATA RETENTION MODE

The HY534256A offers a CMOS standby
mode that is entered by causing the RAS clock
to swing between a valid V;. and an “extra
high” Vi within 0.2V of Vpp. While the RAS
clock is at the “extra high” level, the HY534256A
power consumption is reduced to the low Ipp;s
level. Overall Ipp consumption when operating
in this mode can be calculated as follows :

I= (trc) X (I active) + (trx—trc) X (Ipps)

trx

Where tac=Refersh Cycle Time
tax=Refresh Interval/512

FAST PAGE MODE OPERATION

Fast page mode operation permits all 512
columns within a selected row of the device to
be randomly accessed at a high data rate.
Maintaining RAS low while sucessive CAS
cycles are performed retains the row address
internally, eliminating the need to reapply it.
The column address buffer acts as 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 latches 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
possible at random or sequential address within
a low. Following the entry cycle into fast page
mode, access time is tax or tcap dependent. It

HY534256A 262,144X4-Bit CMOS DRAM

the column address is valid prior to or
coincident by tcar 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
address and enable the output.

Fast page mode provides a sustanined data
rate over 25 MHz for applications that require
high data rate such as bit mapped graphics or
high speed signal processing. The following
equation can be used to calculate the data
rate -

B 512
Data Rate— tre+ 511 X fpe

DATA OUT OPERATION

The HY534256A input/output(I/O) is
controlled by OF, CAS, WE and RAS. A RAS
low transition enables data to transfer into and
from a selected row address. A RAS high
transition disables data transfer and will latch
the output data if the output is enabled. After
a memory cycle is initiated by a RAS low
transition, a CAS low transition or a CAS low
level enables the internal 1/O data. A CAS high
transition or a CAS high level disables the I/0
data path and disables the output driver if the
driver was enabled. A CAS low transition while
RAS is high has no effect on the 1/0O data path,
nor on the output driver.

An OE low transiton or an OE low level
enables the output driver when the I/O data
path is enabled. An OE high transition or an
OE high level disables the output driver, but
does not disable the data when it has been
enabled. A WE low level disables the output
driver when a CAS low level occurs. If the WE
low transition occurs after the CAS low
transition such that the output driver is enable
prior to the WE low transition, it is neccessary
to use OE to disable the output driver prior to
the WE low transition to allow data in set-up
time(tps). A WE high transition passes control
of the output drive to OE.
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HY534256A 262,144 X4-Bit CMOS DRAM

POWER ON

An initial pause of 200 ps is required after the
application 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
initialization cycles are required after extended
periods of bias without clocks(greater than the
refresh interval).

The Vpp current (Ipp) requirement of the
HY534256A during power on is dependent upon
the input levels of RAS and CAS. If RAS=V
during power on, the device would go into an
active cycle and Ipp would exhibit large current
transients. It is recommended that RAS and
CAS track with Vg, or be held at a valid Viu
during power on.

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION
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HY534256A 262,144 X4-Bit CMOS DRAM

PACKAGE INFORMATION

e 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL
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HY534256A 262,144 X4-Bit CMOS DRAM

« 20/26 PIN SMALL OUTLINE J-FORM PACKAGE — 300 MIL
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* 20 PIN ZIGZAG-IN-LINE PACKAGE—400MIL

UNIT : INCH( )MAX
INIT & mm| MIN

— - 0.120(3.0480)
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1 ]
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SRS SR | S5 14898 oo
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~ SEMICONDUCTOR.

256K X 4:Bit CMOS DRAM

DESCRIPTION

The HY534256AL is a high speed, low power
262,144 X4 bit CMOS dynamic random access
memory. Fabricated with the HYUNDAI
CMOS process, the HY534256AL offers a fast
page mode for high bandwide operation, fast
usable speed, CMOS standby current and
inherently high CMOS reliability.

All inputs and outputs are TTL compatible.

Fast page mode operation allows random or se- ‘

quential access of up to 512X4 bits within a row
with cycle times as fast as 40ns.

The HY534256AL design is optimized for ca-
che based mainframe, minicomputers, gra-
phics, digital signal processing high performa-
nce microprocessor systems and note book pc.

BLOCK DIAGRAM

AAS o—[ TRl
CAS hand [ cn.ocxsl—-———*

REFRESH CONTROL &
ADDRESS COUNTER -

ouTPuT |

ENABLE
CLOCK.

COLUMN DECODER ___|

SENSE AMPS & I/O GATING ||

BUFFER
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[
[l 68‘2

Ao

MEMORY ARRAY

ADDRESS BUFFER

ROW DECODER
4

Ao

—0 /03

<+ Vop

= Vss

M1D1200A-JAN92
FEATURES
* Low power dissipation
- Operating current, 60ns : 90mA(max.)
-TTL Standby current  : 2mA(max.)
-CMOS Standby Current : 200pA(max.)
- Battery Back Up Current : 300pA(max.)

* Read-Modify-Write capability

. R_AS-only, Hidden, CAS-Before-RAS refresh
capability

¢ Fast Page mode operation for a sustained data
rate up to 25 MHz

* 512 refresh cycles/64ms

* High reliability 300 mil 20 pin P-DIP,
20/26 pin SOJ and 400 mil ZIP

* Fast access time and cycle time (ns)

Max RAS Access

60 70 80
Time, trac
Max CAS Access

20 20 20
Time, tcac
Min Fast Page Mode

40 40 45
Cycle Time, tpc
Min Cycle Time, trc 110 130 150

PIN CONNECTIONS

0] 1+ 20 b vss
YOr1[J2 o] O3
Wel[js 18[Jvop
RAS[]a 17 g CA 5333 ° b \63053
e e & R
e 1 D Ag NCd 5 22b &
Az e ;] A7
a[fs 13 i
Aalde 12 g As
Voo 1o 1A
(P-DIP)
PIN NAMES
RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE
AoAg ADDRESS INPUT
1/0p1/03

DATA INPUT/QUTPUT

Vo POWER(+5V)

Vss GROUND

|




HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature 0 to 70 c
Tste Storage Temperature —55 to +150 T
VIERM Voltage on Any Pin Relative to Vsg —=10to 7.0 \'%
Vbbb Voltage on Vpp Relative to Vgg —10t0 7.0 v
Iour Short Circuit Output Current ) 50 mA
Pr Power Dissipation ' ) 0.6 w
NOTE : Operation at or above Absolute Maxi Ratings can adversely affect device reliability.

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

Input Leakage Current(any input pin) | Vss<ViN<VDD
|Iio | | Output Leakage Current for Vss<Dour<Vpp 10 WA
High Impedance State RAS, CAS at Vin
—60 90
Ipp1 Vpp Supply Current, Operating trc=trc(min.) -70 80 mA 1,2
—80 70
RAS, CAS at Viy
Ipp2 Vob Supply Current, TTL Standby 2 mA
other inputs>Vss
Vpp Supply Current, —% %
pp Supply Curren
I — trc=trc(min.) -70 80 mA 2
pp3 RAS-only Refresh RETIRC
—-80 70
Vbp Supply Current, —% 70
u; 'urren
Iops | 0 PRY Minimum Cycle -70 60 | mA | 1,2
Fast page mode
i -80 50
Vpp Supply Current, RAS=CAS= Vcc— 0.2V
Ipps | —— P - 200 yA
CAS-Before-RAS Refresh
Vop Supply Current —% %
DD Supply n
I — — trc=trc(min.) -70 80 mA 2
PP | CAS-Before-RAS Refresh RETRE
—80 70
CAS=CBR cycling or 02V,
OE=WE=Vpp~—0.2V,
 Add=Vpp—0.2V or 0.2V, )
Vpp Supply Current, 1/O=Vpp—02V or 02V or openw 300 uA 1
Ipp7 Battery Back up ) trc=125ps, tras=tras(min.)
~300ns
Same as above
400 A
except tras=300ns~1us
Vo Input Low Voltage(all inputs) -1 0.8 A%
Vi | Input High Voltage(all inputs) , 24 (Vpp+l| V
VoL Output Low Voltage IoL=4.2mA 04 \%
Vou | Output High Voltage Ton=—5mA 24 v
NOTES :
1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. :
2. Ipp is dependent upon the ber of add: iti Specified Ipp(max.) is measured with a maximum of of two transitions per address cycle in Fast page
mode.
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HY534256AL 262,144 X4-Bit CMOS LOW POWER DRAM

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

L =
1| tras | RAS Pulse Width 60 | 10K 70 | 10K | 80 | 10K | ns
2| trc Random Read or Write Cycle Time 110 120 150 ns
3| trp RAS Precharge Time 40 50 60 ns
4| tcsu | CAS Hold Time 60 70 80 ns
5| tcas CAS Pulse Width 20 | 10K 20 10K 20 10K | ns
6| tecp | RAS to CAS Delay 15 | 40 | 20 | 50 | 20 | 60 | ns
7| trcs Read, Command Set-up Time 0 0 ) 0 ns
8| tasr Row Address Set-up Time 0 0 0 ns
9| traH Row Address Hold Time 10 10 10 ns
10 | tasc Column Address Set-up Time 0 0 0 ns
11| tcan | Column Address Hold Time 15 | 15 15 ns
12| trsy | RAS Hold Time 20 20 20 ns 8
13| tcrp | CAS to RAS Precharge Time 5 5 5 ns 8
14 | trcH Read Command Hold Time Referenced to CAS 0 0 0 ns
15| trru | Read Command Hold Time Referenced to RAS 0 ' 0 0 ns
16 | tron RAS Hold Time Referenced to OF 10 A 10 15 ns
17 | toac Access Time from OE 20 25 20 ns 34,5
18| tcac | Access Time from CAS 20 20 20 | ns 5,7
19| trac Access Time from RAS 60 70 80 ns 3
20| taa Access Time from Column Address 30 35 40 ns 1
21| tz OE or CAS to Output Low Impedance 0 0 0 ns
22| tuz OE or CAS to Output High Impedance 0 20 0 20 0 20 | ns
23| tar Column Address Hold Time from RAS 50 55 60 ns
24 | traD RAS to Column Address Delay Time 15 30 15 35 15 40 ns 1
25| tcwL | Write Command to CAS Lead Time 20 20 20 ns
26| twcs Write Command Set-up Time 0 0 0 ns 9
27| twcu | Write Command Hold Time 10 15 15 ‘ns
28 twp Write Command Pulse Width 10 15 15 ns 11
29| twcr | Write Command Hold Time from RAS 50 55 60 ns
30| trwr | Write Command to RAS Lead Time 20 20 20 ns
31 tps Data-In Set-up Time 0 0 0 ns 10
32| tpu Data-In Hold Time 10 15 15 ns 10
33| twon | Write to OE Hold Time 20 20 20 ns
34| togp | OE to Data Delay 20 20 20 ns
35| trwc | Read-Modify-Write(RMW)Cycle-Time 165 185 205 ns
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s

36| tcwnp | CAS to WE Delay 50 50 50 ns 9
37| trwp | RAS to WE Delay %2 100 110 ns 9
38| tawp | Column Address to WE Delay 60 65 170 | ns 9
39 tec Fast Page Mode Read or Write Cycle Time 40 40 45 ) ns
40 | tpem Fast Page Mode Read-Modify-Write Cycle Time 95 95 100 ns
41| tcp CAS Precharge Time 10 10 10 ns
42 | traL Column Address to RAS Lead Time 30 35 40 ns
43 | tcpa Access Time from Column Precharge 35 35 40 ns 12
44 | tpHr Data Hold Time Referenced to RAS 50 55 60 ns '
45| tesr CAS Set-up Time(CAS Before RAS Cycle) 5 5 ns
46| trpc | RAS to CAS Precharge Time 0 0 0 ns
47| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 15 ‘ 15 ns
48! tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 13
49 | trReF Refresh Interval(512 Cycle) ‘ 64 64 64 ms
50| tRAsP | RAS Pulse Width(Fast Page Mode) 60 100K 70 100K 80 100K | ns
51| tcer | CAS Precharge Time(CBR Counter Test Cycle) 40 40 40 ns
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NOTES :

1. Operation within the tgAp(max.) limit insures that tgoc(max.) can be met. tap(max.) is specified as a referenced point only. If trAp is greater than the specified
trap(max.) limit, then the access time is controlled by tas and tcac-

2. trep(max.) is specified for reference only. Operation within tgcp(max.) and tgap(max.) limit insure that tgac(max.) and tas (max.) can be met. If tgcp
is greater than the specified trcp(max.) then the access time is controlled by tps and tCac.

3. Assume tRAD<tRAD(max.) If tRAD is greater than tgap(max.) then trac will i by the that tRAp ds tAp(max.)

4. Assume tRcp<trep(max.). If trep is greater than trcp(max.) then trac will i by the that trcp ds trep(max.)

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

6. Assume that tRcp>tRCD(max.), tRADKRAD(max.)

7. Assume that tcpgtrRcp(max.) and tRAD>(max.) .

8. Either trry or trcH must be satisfied for a read cycle.

9. twCs, tRWD, tcwD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs>twcs(min),
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle : if trywp>trRwp(min), tcwp>tcwp
(min) and tawp>tawp(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 satisfied, the condition of the data out(at access time) is indeterminate.

10. tpg and tpy are referenced to the latter occurence of CAS or WE

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

12. Access time is determined by the longer of taa, tCcAC or tcAp. '

13. Vi (max.) and AC measurements assumen tr=>5ns

14. An initial

15. An initial pause of 200us is required after power-up and followed by a mini of 8 initialization cycles(any bination of cycles ining a RAS clock such
as R_K'S'-only refresh). 8 initialization cycles are required after extended period of bias without clocks.

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

SYMBOL
Cint Address, Data input
Cinz RAS, CAS, WE, OE
Cout Data Out

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter.
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TIMING DIAGRAM
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HY534256AL 262,144 X4-Bit CMOS LOW POWER DRAM
D

EARLY WRITE CYCLE
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HY534256AL 262,144 X4-Bit CMOS LOW POWER DRAM

WRITE CYCLE (OE CONTROLLED)
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tRAsP()
TAS Vin——
R ViL— L
trpr)
tesme
<—trcoe) —>
tecman ————— tasH(1)—————>
tepan | 5
~—ftcrpiz—e
m— Vig — \ & \
CAS Vi~  RaDa) / J/
L tRAH(E)
tascio) tRAL 42y
tasrere| [4—
'»iCAH(") tasciio)+ tcan()
o o 5, A A Y,
Ac-A
o8 Vi AD //ADD y. /
tAwL(a0)
trwp (37— :
=1 | 4-tcwizs) —1t
tresa) —>| e— | e——tcwo(as—s +—tewpi3s)— towL(25) CWD(38— < towLizs)
. | |[—
— Vu—— /77X
we / N_/
Vi, — p
* M— tawn 38y tawo (3——e- -t tawD (38—
— — ——| — —s  —
*— taaor—= tweie twp2g) toaciny twe(2s)
—» -o-:ogc(n) 'o«zml — “_
— Vie —
OE
Vi —
OED(34)
lo| || e——tcpaug—e-| tOED(Y) ~—tcpapar—e| 10EDGY
teacqs; -
HZ(22) teaciie) | «—»
tcac
. -l toncsz tHz(e2) toraa) " t."zfz’
RAC(19) > |
tcaarz0) l ” toasao toHi32)
| |e—
tosan tosian
Vion — }———-—
o Ve — >— out IN } )
— — .z — -tz

" RAS-ONLY REFRESH CYCLE

1
—————tRp()————
J— Vin —— \ 1 )
RAS Vi — N . F
I lgnp(mp
— Vih —
Al

= WL

tasrie)

| | tRANO)

- LD I S

3-162



HY534256AL  262,144X4-Bit CMOS LOW POWER DRAM

CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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FUNCTIONAL DESCRIPTION

The HY534256AL is a CMOS dynamic RAM
optimized for high data bandwidth and low
power applications. The functionality is similar
to a traditional dynamic RAM. The HY534256AL
reads and writes 4 bits of data at a time by
multiplexing a 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, 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 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 tg,s timing specification. This
ensures proper device operation and data inte-
grity. Additionally, a new cycle cannot be initi-
tiated until the minimum precharge time, tgp,
and tcp has elapsed.

READ CYCLE

A read cycle is performed by maintaining the
Write Enable (WE) signal high during the
RAS operation. The column address must be
held for a minimum time specified by t,. Data
out is controlled by the Out Enable(OE) and
CAS(See the write cycle description).

Data out becomes valid only when trac, taa,
toac and tcac are all satisfied. Consequently,
the access time is dependent upon the timing
relationship among trac, toac and tcac are all
satisfied.

WRITE CYCLE

A write cycle is performed by taking WE low
during a RAS operation. :

The column address is latched by CAS, The
input data must be valid at or before the falling
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edge of WE or CAS, whichever occurs last.
Consequently, the write cycle can be WE
controlled or CAS controlled depending upon
the latter of WE or CAS low transition. In a
CAS controlled write cycle(the leading edge or
WE occurs prior to or coincident with the CAS
low transition)the input/output (I/O) pin will
be in the high impedance state at the beginning
of the write function. Terminating the write
action with CAS going high will maintain the
I/O in the high impedance state, terminating
with WE going high allows the output to go
active, and OE must be brought high to allow
for inputs on the I/0.

The HY534256AL incorporates a self-timed
write feature which simplifies the system
interface and optimizes data bandwidth. After
the write funcition has been initiated, the
HY534256AL internally completes the write
action and unlatches the address and data
latches. Thus, the latches are ready for the next
input/output cycle. This eliminates the need for
long address and data hold times during the
write operation and allows a subsequent
column address to be applied earlier. This
minimizes a write pulse width, write precharge
time, and hold time which provides maximum
flexibility in system design.

REFRESH CYCLE

To retain data, 512 RAS refresh cycle are
required in an 64 ms period. The refresh
operation can be performed two ways :

1. Clocking each of 512 row address(A,
through As) with RAS at least every 64 ms
period. Any combination of RAS cycle such
as read, write, read-modify-write, or RAS-
only refresh cycle will perform a refresh.

2. CAS-before-RAS refresh cycle : If CAS go
low prior to RAS go low, the chip enters
CAS-before-RAS  refresh cycle. The
HY534256 will use an internal nine bits
counter output as the source of the row
address and will ignore the external address
inputs.

This CAS-before-RAS refresh mode is a
refresh only mode and no data access is
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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 impedance state.

In order to guarantee the reliable operation
of CAS-before-RAS refresh mode, an internal
counter test mode is provided. The user can use
the counter test mode to write in a data pattern
consecutively (512 write cycles) and, then
verify the data which has been written by
512 consecutive read cycles.

DATA RETENTION MODE

The HY534256AL offers a CMOS standby
mode that is entered by causing the RAS clock
to swing between a valid V; and an “extra
high” Vy within 0.2V of V,p. While the RAS
clock is at the “extra high” level, the HY534256AL
power consumption is reduced to the low Ipp;
level. Overall Ipp consumption when operating
in this mode can be calculated as follows :

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

Where tgc=Refersh Cycle Time
trx= Refresh Interval/512

FAST PAGE MODE OPERATION

Fast page mode operation permits all 512
columns within a selected row of the device to
be randomly accessed at a high data rate.
Maintaining RAS low while sucessive CAS
cycles are performed retains the row address
internally, eliminating the need to reapply it.
The column address buffer acts as 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 latches 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
possible at random or sequential address within
a low. Following the entry cycle into fast page
mode, access time is tas Or tcar dependent. It

the column address is valid prior to or
coincident by tcar 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
address and enable the output.

Fast page mode provides a sustanined data
rate over 25 MHz for applications that require
high data rate such as bit mapped graphics or
high speed signal processing. The following
equation can be used to calculate the data
rate :

o 512
Data Rate= e

DATA OUTPUT OPERATION

The HY534256AL input/output(I/O) is
controlled by OE, CAS, WE and RAS. A RAS
low transition enables data to transfer into and
from a selected row address. A RAS high
transition disables data transfer and will latch
the output data if the output is enabled. After
a memory cycle is initiated by a RAS low
transition, a CAS low transition or a CAS low
level enables the internal I/O data. A CAS high
transition or a CAS high level disables the I/O
data path and disables the output driver if the
driver was enabled. A CAS low transition while
RAS is high has no effect on the /O data path,
nor on the output driver.

An OE low transiton or an OE low level
enables the output driver when the I/O data
path is enabled. An OE high transition or an
OE high level disables the output driver, but
does not disable the data when it has been
enabled. A WE low level disables the output
driver when a CAS low level occurs. If the WE
low transition occurs after the CAS low
transition such that the output driver is enable
prior to the WE low transition, it is neccessary
to use OE to disable the output driver prior to
the WE low transition to allow data in set-up
time(tos). A WE high transition passes control
of the output drive to OE.
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POWER ON

An initial pause of 200 ps is required after the
application of Vpp power supply, followed by
a minimum of eight initialization cycles(any
rombination 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 interval).

The Vpp current (Inp) requirement of the
HY534256AL during power on is dependent upon
the input levels of RAS and CAS. If RAS=V
during power on, the device would go into an
active cycle and Ipp would exhibit large current
transients. It is recommended that RAS and
CAS track with V, or be held at a valid Vi
during power on.

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION

I \
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VL ——
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COLUMN ADDRESS

VALID
COLUMN ADDRESS

-—tcPA—a
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‘ , —\ 4
Dour VoL— { \ALDDAA ) { \auooam
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PACKAGE INFORMATION

* 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL

Rl NNl S BNl

” - - MAX
_@_ I 1 UNIT:INCH(mm)—MN
I A O I B l_Jll_] | I A

0977(24.816)
0957(24.308)
0.300 BSC
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S
| | § |
z o .{-J
| T L
. J T
f I m
38 N
g & | @@%
g5 S o
35 £g o) O
o0
— 8 R
0.049(1.245) 0.065(1.650) 0021(0.533) 01008C 5 &
0029(0.737) 0050(1.270) 0016(0.406) (2.540)
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¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE — 300 MIL

| oy o J mlatelala
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i
|
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0050085C
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* 20 PIN ZIGZAG-IN-LINE PACKAGE —400MIL

MAX
UNIT : INCH(mm) —
MIN
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| |
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F L (1]}
| ' se | |3
A e || 8 ag
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o - . e <A RRL
ol I o) s A
. i S )
| g2 U
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| —» ~--0.100(25400) BSC
1036(26.3144)

1024(26.0096) J
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4M X 1-Bit CMOS DRAM

M191202A-JANS2

DESCRIPTION : FEATURES

The HY514100 is a low power and new * Low power dissipation
generation dynamic RAM organized 4,194,304 - - Operating Current, 100ns : 70mA(max.)
words by 1 bit. The HY514100 utilizes - TTL Standby Current  : 2mA(max.)
HYUNDAI's CMOS process technology as - CMOS Standby Current : 1mA(max.)
well as advanced circuit technology to provide * Read-Modify-Write Capability
wide operating margins and very low power to * RAS-only, Hidden, CAS-Before-RAS Refresh
the user. Capability

The package size provides high system bit * Common 1/O capability
densities and is compatible with widely * Fast Page mode and Test mode capability
available automated testing and insertion * 1024 refresh cycles/16 ms
equipment. * High reliability 300 mil 20/26 pin SOJ.

All inputs and outputs are TTL compatible. o Fast access time and cycle time(ns)

Input and output capacitances are significantly
lowered to allow increased system perform-

ance.
Max RAS Access
. 70 100
Time, trac
Max CAS Access
20 25 25
Time, tcac
BLOCK DIAGRAM Min Fast Page Mode '
. 50 50 60
Cycle Time, tpc
wE Min Cycle Time, trc 130 150 180
— «—O D -
. g oo
ook PIN CONNECTIONS
GENERATOR | gﬁg@EgUT 0Doyr
?t vep ong1 O 260V,
1 ss
RATOR —
mirm | oo wds e
~ Pne?sc)ooen 11 RASO 3 24 [1TAS
11 4
roo- gounm, Aods b
Ao 7T 2200 Ay
Ay o] & | | RerresH - '
:3 e CONTROLLER |
4
As z L ] SENSE_AMP
:e o Rermes 1/0 GATING rodo 18hag
g (10) Mo m Asd10 17hAy
9o xw3 - A2dl11 16 PAg
10 0+ A
ROW | 3012 150 As
prepecoperfLLL N row
T‘ (1) 101 DECODER prrieild VooQ13 140A,
_—
‘ =3 SOJ
AAS cLoex T
RS O———— R
o SUBSTRATE + 0 Vop PIN NAMES
. BIAS w0V
ENERATOR SS —
g RAS ROW ADDRESS STROBE
PARALLEL i
IS CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE

AgAto | ADDRESS INPUT

DN DATA INPUT

Doutr DATA OUTPUT

Vbp POWER (+ 5V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS

Ta ‘Ambient Temperature 0 to 70 c
TstG Storage Temperature —55 to 150 T
Vs Vour Voltage on Any Pin Relative to Vsg —1.0to0 7.0 \Y%
Vop Voltage on Vpp Relative to Vsg —1.0to 7.0 \%
Ios Short Circuit Output Current 50 mA
Pr Power Dissipation 0.6 w

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

RECOMMENDED OPERATING CONDITIONS

(Ta=0°C to 70°C)

Vbbb Supply Voltage 4.5 5.0 55 \'
ViH Input High Voltage 24 - Vpp+1 \%
Vio Input Low Voltage -1.0 . 0.8 \'4

NOTE : All voltages are reference to Vgg.

DC CHARACTERISTICS

(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.)

. 0V<Vn <6.5V, All other
I T Input Leakage Current(any input pin) - 10 A
pin not under test=Vsg
o | Output Leakage Current for Douyr is disable, 10
o High Impedance State OV<Vour<s.5vV
—_— —70 — 90
. RAS, CAS, Address
Ippi Vpp Supply Current, Operating . . —80 - 80 mA 1,2
: cycling, trc=trc(min.)
—10 - 70
Ippz Vpp Supply Current, TTL Standby RAS=CAS=Vi4 - 2 mA
Vbp Supply Current, RAS cycling, CAS=V, I 20
Uy ‘urren cycling, =V,
Ipp3 —DD PPY ¥ g H —80 - 80 mA 2
RAS-only Refresh trc=trc(min.)
-10 - 70
Vpp Supply Current, RAS=Vy, Addre L 0
U] urren = SS
Ione pp Supply L ) —80 - 60 mA 1,2
Fast page mode cycling, tec=tpc(min.)
: -10 - 50
Vop S ly C ——
Inps DD Supply Current, RAS=CAS=Vpp—02V - 1 | maA
CMOS Standby
Vop Supply C / RAS, CAS cycli 0] - | %
Ipps E PP y.lmm’ ’ cycling —80 80 mA 2
CAS-Before-RAS Refresh tre=trc(min.)
—-10 - 70
VoL Output Low Voltage ToL=4.2mA - 04 v
Vou Output High Voltage Ion=-—5mA 24 - \%
NOTES :

1. Ippy and. Ipp4 depend on output loading, specified values are abtained with the output open.
2. Ipp1, IDD3, IDD4 and Ippg depend on cycle rate.
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AC CHARACTERISTICS
(Ta=0°C to 70°C, Voo=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES: 1, 2, 3

1 Random Read or Write Cycle Time
2| trwc | Read-Modify-Write Cycle Time 155 - 180 - 210 - ns
31 tpc Fast Page Mode Cycle Time 50 - 50 - 60 - ns
4 | tprwc | Fast Page Mode Read-Modify-Write Cycle Time 75 - 80 - 90 - ns
5| trac | Access Time from RAS - 70 | - 80 | - 100 | ns 4,9
6| tcac | Access Time from CAS - 20 - 25 - 25 | ns 4,9
7| taa Access Time from Column Address - 35 - 40 - 45 ns 4,9
8| tcpa Access Time from CAS Precharge - 45 - 45 - 55 ns 4
9! tcz CAS to Output in Low-Z 0 - 0 - 0 - ns 4
10 | topr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5
11| ¢ Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3
12| trp RAS Precharge Time 50 - 60 - 70 - ns
13| tras RAS Pulse Width 70 | 10K 80 10K | 100 10K ns
14| trasp | RAS Pulse Width(Fast Page Mode) 70 200K | 80 200K| 100 200K | ns
15| trsy | RAS Hold Time 20 - 25 - 25 - ns
16 | tcsu | CAS Hold Time 70 | - 8 | — | 100 | - ns
17| tcas | CAS Pulse Width 20 | 10K | 25 | 10K| 25 | 10K | ns
18] trep | RAS to CAS Delay Time 20 50 20 55 25 75 ns 9
19 | trap RAS to Column Address Delay Time 15 35 15 40 20 55 ns 10
20 | tcrp CAS to RAS Precharge Time 5 - 5 - 10 - ns
21| tep CAS Precharge Time 10 - 10 - 10 - ns
22 | tasr Row Address Set-up Time 0 - 0 - 0 - ns
23 | tran Row Address Hold Time 10 - 10 - 15 - ns
24| tasc Column Address Set-up Time 0 - 0 - 0 - ns
25| tcan Column Address Hold Time 15 - 15 - 20 - ns
26 | tar Column Address Hold Time referenced to RAS 55 - 60 - 80 - ns
27| trar | Column Address to RAS Lead Time 33| - 0 | - 45 - ns
28 | trcs Read Command Set-up Time 0 - 0 - 0 - ns
29| trcH Read Command Hold Time 0 - 0 - - ns
30| trru Read Command Hold Time referenced to RAS 0 - 0. - 0 - ns
31| twcn | Write Command Hold Time 15 - 15 - 20 - ns
32 ] twcr Write Command Hold Time referenced to RAS| 55 - 60 - 80 = ns
33| twp Write Command Pulse Width 15 - 15 - 20 - ns
34| tgwL | Write Command to RAS Lead Time 20 - 25 - 25 - ns
35| tcwL | Write Command to CAS Lead Time 20 - 25 - 25 - ns
36 | tps Data Set-up Time 0 - 0 - 0 - ns
37| tpu Data Hold Time 15 = 15 - 20 - ns
38| tpur Data Hold Time referenced to RAS 55 - 60 - 80 - ns
39 | trer Refresh Period - 16 . 16 - 16 ms
40 ( twcs Write Command Set-up Time : 0 - 0 - 0 - ns 8
41| tcwp | CAS to WE Delay Time 20 | - 25 - 25 - ns 8
42| twp | RAS to WE Delay Time 70 | - 80 | - 100 - ns 8
43| tawp | Column Address to WE Delay Time 35 - 40 - 45 - ns 8
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44| tcsrk | CAS Set-up Time(CAS Before RAS Cycle) 10| - 0| - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns
46 | trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
47 | tepr CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - 50 - ns
48 | twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
49| twry | Write Command Hold Time(Test Mode In) 10 . 10 - 10 - ns
50| twrp | WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns
51| twrn | WE to RAS Hold Time(CAS Before RAS Cycle)| 10 - 10 - 10 - ns
52| tcpwp | CAS Precharge to WE Delay ' 40 - 45 - 50 -~ ns -
53 | trucp | RAS Hold Time from CAS Precharge 40 - 45 - 50 - ns

AC CHARACTERISTICS IN TEST MODE NotE 11

54 | trc Random Read or Write Cycle Time 135 - 155 - 185 - ns

55| tewc | Read-Modify-Write Cycle Time 160 - 185 - 215 - ns

56| tpc Fast Page Mode Cycle Time 55 - 55 - 65 - ns

57 | tprwc | Fast Page Mode RMW Cycle Time 80 - 85 - 95 - ns

58 | trac | Access Time from RAS - 75 - 85 - 105 | ns 4,9
59 | tcac | Access Time from CAS - 25 - |30 - 30 | ns 4,9
60 | taa Access Time from Column Address - 40 - 45 - 50 ns 4,9
61 | tcpa Access Time from CAS Precharge - 50 - 50 - 60 ns 4
62 | tras RAS Pulse Width 75 10K 85 10K 105 10K ns

63 | trasp | RAS Pulse Width(Fast Page Mode) 75 | 200K| 85 200K | 105 200K | ns

64 | trsu | RAS Hold Time 25 | - 30 | - 30 - ns

65 | tcsu | CAS Hold Time 75 | - 8 | — | 105 | - ns

66 | tcas CAS Pulse Width 25 10K 30 10K 30 10K ns

67 | traL Column Address to RAS Lead Time 35 - 45 - 50 - ns

68 | tewp | CAS to WE Delay Time 25 | - 30 | - 30 | - ns 8
69 | txwp | RAS to WE Delay Time 75| - 8 | — | 105 - ns 8
70| tawp | Column Address to WE Dealy Time 40 - 45 - 50 - ns 8
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HY514100 4,194,304 X 1-Bit CMOS DRAM
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NOTES :

1. An initisl pause of 200us is réquired after power-up followed by 8 RAS cycles 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.

2. AC mensurements assume ty=>5ns.

3. Vig(min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Viy and Vi,

4. M d with a load equivalent to 2 TTL loads and 100pF.

5. topr(mux,) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.

6. Either tg('H or tRrRH must be satisfied for a read cycle.

7. These purameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles.

8. tw(Css IRWI» WD and tawD are not restrictive operating par They are included in the data sheet as electrical characteristic only. If twcs>twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If (rwp>trwp(min.). tcwp>tcwp(min.)
and tAwn>tawp{min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfled, the condition of the data out(at access time) is indeterminate.

9. Operation within the tgcp(max.) limit insures that tg Ac(max.)can be met. tgcp(max.) is specified as a reference point only ; If trcp is greater than the specified
trcp{mux.) limit, then access time is controlled by tcac.

10. Operation within the tgAp(max.) limit insures that tg Aoc(max.) can be met. tgAp(max.) is specified as a reference point only : If tg oD is greater than the specified
trap(mux.) limit, then access time is controlled by tzA.
11. These specifications are applied to the test mode.

CAPACITANCE
(Ta=0°C to 70°C, Vop=5V+10%, f=1MHz)

T SYMBOL 7 PARAMETER
Cini Input Capacitance(Ag-Ajg, DN)
Cin2 Input Capacitance(RAS, CAS, WE)
C ):( 1| Output Capacitance(Dour)

3-177




HY514100 4,194,304 X 1-Bit CMOS DRAM

TIMING DIAGRAM

READ CYCLE
=5a Vi —
RAS v —
== Vi —
CAS

e ——

Vi ——
Ag-A10 H

i —
W Vn ——
WE Ve —
Dour Von —

Voo —

EARLY WRITE CYCLE

TAS Vi —

i —
— Vi ——
CAS Vi —
Ag-Aro Vi

V|L —
—_— oV —
WE

e —
Dy Vi ——

o —

V —
Dour 'OH

Voo ——
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HY514100 4,194,304 X1-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE

- trwei) —>
) - -tap(12) ——>-
7T x:r ——_—- —S‘ tRas(13) Leg ‘
terpzo) - tnsws) = teRpi20)
> - tRcopg—— «— tRwLEs) — -
e R — T
- tesHie) >
- t > - towLas) -
a——tRAD(1g)— | traL2n >
tasri22) | | tRamzs) tascioa) .
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N /) [ s HHHHHH
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- tRwD(42) —>
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w T L
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| |-a—toHan —e

N/ ST Y
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FAST PAGE MODE READ CYCLE

RAS

Ao-Arg

Dour

—tRp(12)—p
Vi — SS
- tRAsP(14)
Vi —
+—taHcPEs) >
teshie) » - tecy >
terp2o) teasun tcpizy ~teren «—tasHis) —»
->I - trcoues | [ -
teas)
ViH = -~ \ <a-tcasorn >
Vii —
1 | |
- taR26) - traL@?y >
tasriz) | | tRame2s tascies tCAH(2S) tasciea) tear2s) tascies) | tcamies)
> | de—p| — > | |a— > |<—<—> 1> |- | —>
Vin — ROW COL COL CoL
vV, — ADD ADD ADD - D
tRCHER9) tRRH30)
a— tRAD(19)— —_—| (- -
trcsize) tRCsize tRCH(29) trcsies
| +—i> |- —| ||| - <« tRCHR2) >
Vg —— /
Vi — {:Zéé::::é:::% teacer z toace tcacs
—tang) —» - tap 1 tan
traCs! +—— tcpap)——»| | @——1icpagy—>
),
Vo — VALID ). VALID VALID
Voo — DATA ¥ DATA \_DATA___
teLze torrcor | tezie torraey | lewze torro)

FAST PAGE MODE EARLY WRITE CYCLE

Ao-Aro

Din

Dour
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, HY514100 4,194,304 X1-Bit CMOS DRAM
P e e e e e

FAST PAGE MODE READ-MODIFY-WRITE

a—tRP(12)—

RAS Vi — ﬂ\‘ tRasP(14) »>

Vi —

- tesH6) > |-
tcre20) tepen tepeen
|| |—!tncoig —> -—p| «—tRsH(15)—P
—_— Vg — \ ‘tms(m, \ <& tcas(ir)-»-
CAS Vi — /
tRaL 27)
tasA(2z) tRanes)  tasciea tcAH@s) tasciea | toares) )
A W A5 o S X/
Aaho Vi _/, ADD ADD / ADD ADD
tewnia towoun towpen, (towLas:
a—tRAD(19)— - - — - - -—
trcs(28) +1 tawpiad tawna) 1 | tawies
-t - —tawpiaz — >
v towwas) towLs) ! >
VIL . [ CPW O+ - CPWD——»
\ - twpias < twp33) | twpisa
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oy W7 VALID VALID VALID
Vi DATA DATA X, DATA / /
> Id—tCLZ(S) | toLzio | toLze)
tcacis) [4—» teacie |- > teace) | 4—T—»
<_J_, “—taag) > taa)—+—»-
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4——————tRAC(S) t—> <———1{cpa®) > “{cPA®) b
Dout Von — y, VALID VALID VALID
Voo — DATA DATA 4 DATA
torr torr torF
i b
RAS-ONLY REFRESH CYCLE
- trRein —>
————RP(12) ————
_ Vi o m—— J
mAS  Vm trnsis - _V
Vg — |
tRPC 61
tenpen -~

[~
—— V- :
CAS Vi, —— J \J
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-

poe TN e L

V()N —
Dour HIGH-Z

NOTE : WE and Ajp="H" or “L"
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R

CAS-BEFORE-RAS REFRESH CYCLE

Vi —
Vi —

Vi —
Vb —

Vi —
Vi —

Vo —
Dourt

<« tRPC(a6) >

tepn

tacq)

- tRPI2) —

tRas(13)

tcsriaa
-—

-—

teHRas)

twRpE0)

’—j///////j//////////////////

twRH(S1
s

L
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-—

NLLLLLLI I

HIGH-Z

Vo

NOTE : Ag-Ajo="H" or “L"

HIDDEN REFRESH CYCLE (READ)

-— tre >
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RAS xl: : .-——-—ﬁ\ e tRAS(13) - \' 013) —||_/
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|<_> trco(is) > |- > .
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> - D e
V —
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w T L N NI
—taan)—> torrF0)
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o teLzg
—_— j—
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HY514100 4,194,304X1-Bit CMOS DRAM

HIDDEN REFRESH CYCLE (WRITE)
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HYS514100 4,194,304 X1-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

Vi —_—_ﬁ
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trRP(12)

)

e 2 Z ZZTTTTTTTITITTTTTIN 2 XTI T T,

[
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HY514100 4,194,304 X 1-Bit CMOS DRAM

TEST MODE IN CYCLE

Dout

Vi
Vi

Vin
Vi

Vi
ViL

Vo
Vou

- tresa: —>

——— RP(12) ———
I - 1 ’L R
RAS(62) > R
— - tRPC(46) d
tepen

« » | tcshuad)

Sl

‘°““‘“’“’J////////////////////Z/[//////)

twTss)

BN\l *_””“‘”’—’J,//////////Z///////////////A

]

torF(i0)

L } HIGH-Z

NOTE : Dpy and Ag-Ajg: “H” or “L"
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HY514100 4,194,304 X1-Bit CMOS DRAM

TEST MODE

The HY514100 is a DRAM organized 4,194,
304 words by 1 bits and it is internally
organized 524,288 words by 8bits. In Test
Mode, data are written into 8 sectors in parellel
and retrieved the same way. Aypr, Awc and
Ayc are not used. If, upon reading, all bits are
~equal(all 1s or 0s), the data output indicates
1. If any of the bits differed, the data output
pin indicates 0. The following figure shows
the block diagram of HYS514100. In Test
Mode, 4M X1 DRAM can be tested as if it
were a 512KX1 DRAM.

BLOCK DIAGRAM IN TEST MODE

WE, CAS-Before-RAS Cycle(Test Mode In)
puts the device into Test Mode. And CAS-
Before-RAS Refresh Cycle or RAS-Only-
Refresh Cycle puts it back into Normal Mode.
In Test Mode, WE, CAS-Before-RAS Refresh
Cycle performs the refresh operation with the
internal refresh address counter. The Test

Mode funtion reduces test time to one-cighth .

of normal in case of N test pattern.

Vpp
Avon, A, Aw o
- s
\o—————
3
———— 3
P ———,
—_— 0
——————————0
—————O
Aior, Aroc, Aoc A Normal
512K block —
A
Avon, Avce, Bac B Test
512K block | —
B
J A B, A c |
512K block _
— [$
Awr Avc, Ao D
Test LT——O~O— 512K block
o 1
DiN ”O/o—’-—o
Normal BAvom Asce, Aoc E
—OC 512K block
_ E
Ao, Avoc, Acc F
¢——O0_ O0— 512K block
T
Ao Ao, Ace G o Jest
b 0. C 512K block [ \0——“:
— G
vl oty M T Normal
0.0 512K block Avore Ao, Ao
A 2
O
e o) 77
—0
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HY514100 4,194,304 X1-Bit CMOS DRAM

PACKAGE INFORMATION

* 20/26 PIN SMALL OUT LINE J-FORM PACKAGE-300 MIL

oooon | mininials <
| t T UNIT : INGH(mm) MAX
! PPN MIN
| i
N | _,%___ _______ | cLeg
| i
oo ©©°
* i L

0.0200(0.5080)
| 00160(0.4064)
0.050085C
-— 00320(0.8128)
L l J (2100 —=f| {|«— o.0260(06604)
©w
a8 n * - P —
1 (QARA T IARARD ", Gp— -
55 . T
} 0.6780(17.2466) g é 02740(69506) __ y
T Oy §f 0.2600(6.6040)
8
o o

0.0400(1.0160)
0.0300(0.7620)
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" SEMICONDUCTOR

DESCRIPTION

The HY514100A is a high speed, and new
generation 4,194,304 words by 1 bit CMOS
dynamic random access memory, fabricated
with the HYUNDAI CMOS process. The
HY514100A offers a fast page mode operation,
fast usable speed, and inherently high CMOS
reliability.

All inputs and output are TTL compatible.
Multiplexed address inputs permit the
HY514100A to be packaged in a standard 20/26
pin SOJ, TSOP, and 20 pin ZIP.

HY514100A design is optimized for cache
based mainframe, and microcomputers,
graphics, digital signal processing, and high
performance microprocessor systems.

WE
A 0——4 ¢ DATA IN [~ DN
CAS r D BUFFER
LOCK
GENERATOR }e—y EB)G'T;F\E gUT 0 Doyt
Vpp
—— l GENERATOR
COLUMN
thztb)ODER 1
1
COLUMN
o B BECODER
A o} T REFRESH |+ —
ﬁ% o-| @ CONTROLLER [
O—»|
A5 Ol E I ] SENSE AMP
:s ol Egﬁﬁssﬁ O GATING
7 0|
o @ (10) TR W
AAQ o~ 8 T |
] - PrebECODER —U—l—% ow
R MEM
(11) 101 pecober ARRA?(RV
RAS CLOCK I
RAS GENERATOR
g SUBSTRATE Vi
BIAS o>
- GENERATOR Ss

X8
PARALLEL
TEST

PRELIMINARY

M1 G1 200A-MAR92
FEATURES
* Low power dissipation
- Operating Current, 80ns  : 85mA(max.)
- TTL Standby Current : 2mA(max.)
-CMOS Standby Current : 1mA(max.)

* Read-Modify-Write Capability

4 RTS-only, Hidden, CAS-Before-RAS Refresh
Capability

* Fast Page mode and Test mode lCapability

¢ Single 5V+ 10% power supply

* 1024 refresh cycles/16ms

* High reliability 300 mil 20/26 pin SOJ, TSOP
and 400mil 20pin ZIP.

* Fast access time and

cle time(ns)N

Max RAS Access

60 70 80
Time, trac |
Max CAS Access

20 20 25
Time, tcac
Min Fast Page Mode

40 45 55
Cycle Time, tpc
Min Cycle Time, trc 120 130 150

PIN CONNECTIONS

D Vgg
D Dour
0 CAS
0 NC
D Ay

Din Y
WE [T
RAS Tl
NCCH
Ao 11

DAg  AoCT
DA,  ACH
DA Ag g
NAs  Ag
DAs  Vpp I
SOJ
PIN NAMES .
p— 1 —
RAS | ROW ADDRESS STROBE Do:; % 2] cas
— I
CAS. COLUMN ADDRESS STROBE Din [ 5} % \\%-
— ms [7
WE WRITE ENABLE ':‘ACS 3] A
AcAtg | ADDRESS INPUT Ao [11] % ;‘C
1
DIy DATA INPUT he % 4] as
Voo |15
Dour | DATA OUTPUT ns [77] % ::
Vop POWER( +5V) A7 [15] @] %
Vss GROUND —
7IP




HY514100A 4,194,304 X1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0 to 70 T
TstG Storage Temperature —55 to 150 c
Vine Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 \%
Vbb Voltage on Vpp Relative to Vgs —1.0to 7.0 » A%
Ios Short Circuit Output Current 50 mA
TsoLDER Soldering Temperature, Time 260, 10 T, sec
Pr Power Dissipation 735 mW

NOTE : Op

at or above Absol

Ratings can

ly affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°C to 70°C)

Vop Supply Voltage 4.5 5.0 55 A\
Viu Input High Voltage 24 - Vpp+1 \'
ViL Input Low Voltage -1.0 - 0.8 \4

NOTE : All voltages are reference to Vgs.

DC CHARACTERISTICS

(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.)

0V<Vin<6.5V, All other
RTY Input Leakage Current(any input pin) . <V - 10
pin not under test=Vgg
o | Output Leakage Current for Dour is disable, 10
Lo High Impedance State 0V<Vour<5.5V
— —60 - 105
RAS, CAS, Address
Ipp1 Vop Supply Current, Operating ) . -70 - 95 1,2
cycling, tre=trc(min.)
—80 - 85
Ipp2 Vb Supply Current, TTL Standby RAS=CAS=Viy = 2
o -60 | - 105
Vpp Supply. Current, RAS cycling, CAS=Vy,
Ipps — K =70 - 95 1
RAS-only Refresh trc=trc(min.)
—80 - 85
—_— —60 - 65
Vpp Supply Current, RAS=Vy, Address
Ipps Fast od fing, tpe=tpe(min.) -70 - 55 1,2
ast page mode cycling, tpc=tpc(min.
pag yeling, tec=tpc P ”
Vpp Supply Curren —_— ———
Ipps Db SUPPly b RAS=CAS=Vpp—0.2V - 1
CMOS Standby
Vop Supply C RAS, CAS cycli L R L
urren N clin,
Ipps | DD Supply Lurrent cyeling —70 95 1,4
CAS-Before-RAS Refresh tre=trc(min.)
—80 - 85
VoL Output Low Voltage IoL=4.2mA - 04
Vou Output High Voltage Ion=—5mA 24 -

3-190



HY514100A 4,194,304 X1-Bit CMOS DRAM

AC CHARACTERISTICS
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES : 3, 4, 5

1| trc Random Read or Write Cycle Time 120 - 130 - 150 - ns
2| trwc Read-Modify-Write Cycle Time 145 - 155 - 180 - ns
3| tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns
4| tprwc | Fast Page Mode Read-Modify-Write Cycle Time 65 - 70 - 85 - ns
5| trac Access Time from RAS - 60 - 70 - 80 ns 7, 12
6| tcac Access Time from CAS - 20 - 20 - 25 ns 7, 12
71 taa Access Time from Column Address - 30 - 35 - 40 ns 7,12
8| tcpa | Access Time from CAS Precharge - 35 - 40 - 50 ns 7
91| tcrz CAS to Output in Low-Z 0 - 0 - 0 - ns 7
10 | torr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 8
11| tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 6
12| trp RAS Precharge Time 50 - 50 - . 60 - ns
13| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 8 | 10K | ns
14| trasp | RAS Pulse Width(Fast Page Mode) 60 | 200K 70 | 200K 80 | 200K | mns
15| trsu | RAS Hold Time 20 | - 20 | - 25 - ns
16| tcsu | CAS Hold Time 60 | - 70 | - 80 - ns
17 | tcas CAS Pulse Width 20 10K 20 10K 25 10K ns
18| trep | RAS to CAS Delay Time 20 40 20 50 20 55 ns 12
19| trab RAS to Column Address Delay Time 15 30 15 35 15 40 °| ns 13
20| tcrp CAS to RAS Precharge Time 5 - 5 - 5 - ns
21| tcp | CAS Precharge Time 10| - 10| - 10| - ns
22 tasr Row Address Set-up Time 0 - 0 - 0 - ns
23| traH Row Address Hold Time 10 - 10 - 10 - ns
24| tasc Column Address Set-up Time 0 - 0 - 0 - ns
251 tcaH Column Address Hold Time 15 - 15 - 15 - ns
26| tar Column Address Hold Time referenced to RAS 50 - 55 - 60 - ns
27 | traL Column Address to RAS Lead Time 30 - 35 - 40 - ns
28| tres Read Command Set-up Time 0 - 0 - 0 - ns
29| trcH Read Command Hold Time 0 - 0 - 0 - ns
30| tgeu | Read Command Hold Time referenced to RAS 0] - 0| - 0| — | ns
31| twcu | Write Command Hold Time 15 - 15 - 15 - | ns
32| twer | Write Command Hold Time referenced to RAS| 50 - 55 - 60 - ns
33| twp Write Command Pulse Width 15 - 15 - 15 - ns
34| twL | Write Command to RAS Lead Time 20 | - 20 | - 25 - ns
35| tcwe | Write Command to CAS Lead Time 20| - 20 | - 5 | - ns
36 | tps Data Set-up Time 0 - 0 - 0 - ns 10
37| tpu Data Hold Time 15 - 15 - 15 - ns 10
38| tpur Data Hold Time referenced to RAS 50 - 55 - 60 - ns
39| trer Refresh Period - 16 - 16 - 16 ms
40 | twcs Write Command Set-up Time 0 - 0 - 0 - ns 11
41| tcwp | CAS to WE Delay Time 20 - 20 | — 25 - ns 11
42| tgwp | RAS to WE Delay Time 60 - 70 - 80 - ns 11
43| tawp | Column Address to WE Delay Time 30 - 35 - 40 - ns 11
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HY514100A 4,194,304 X 1-Bit CMOS DRAM

44| tcsg | CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 30 - ns
46| trpc | RAS to CAS Precharge Time 0 - 0 - 0 - ns
47! tcpr  |CAS Precharge Time (CBR Counter Test Cycle)) 30 - 35 - 40 - ns
48 | twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
49 | twry | Write Command Hold Time(Test Mode In) 10 - 10 - 10 -~ ns
50| twrp | WE to RAS Precharge Time( CBR Cycle) 10 | - 0| - 10 - ns
51| twru | WE to RAS Hold Time(CBR Cycle) 0| - 10| - 10 - ns

AC CHARACTERISTICS IN TEST MODE NoTE 14

# [SYMBOL| . 'PARAMETER Y

52| trc Random Read or Write Cycle Time 125 -

53| trwe | Read-Modify-Write Cycle Time 150 | -

54| tpc Fast Page Mode Cycle Time 45 —

55| tprwc | Fast Page Mode RMW Cycle Time 70 -

56| trac | Access Time from RAS - 65 - 75 - 8 | ns | 7,12
57| tcac | Access Time form CAS - 25 - 25 - 30 ns 7,12
58| taa Access Time form Column Address - 35 - 40 - 45 ns 7,12
59| tcpa | Access Time from CAS Precharge - 4 | - a5 | - 55 | ns 7
60| tras | RAS Pulse Width 65 | 10K | 75 | 10K 8 | 10K | ns

61| trasp | RAS Pulse Width(Fast Page Mode) 65 | 200K | 75 | 200K | 85 | 200K | ns

62| trsu | RAS Hold Time 25 - 25 - 30 - ns

63| tcsu | CAS Hold Time 65 - 75 - 85 - ns

64| tcas | CAS Pulse Width 25 | 10K | 25 | 10K | 30 | 10K | ns

65| traL | Column Address to RAS Lead Time 35 0 - 0 | - 45 - ns

66| tcwp | CAS to WE Delay Time 25 - 25 - 30 - ns 1
67| trwp | RAS to WE Delay Time 65 | — 75 - 85 - ns 11
68| tawp | Column Address to WE Dealy Time 33 | - 0 | - 45 - ns 1t
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vNOTES:

1.

w b

&

=

©

10.
11.

12,

13.

14,

Ipp1s Ipp3 Ipbp4s IDD6: IDD7 depend on cycle rate.
IpD1, IDD4 depend on output loading. Specified values are obtained with the output open.

. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 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.
It depends on user whether column address is changed or not at least once while RTS=V[|_ and CAS=Vy.
AC measurements assume ty=5ns.

. Vi(min.) and Vyj (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyyj and Vyi.

M d with a load equivalent to 2 TTL loads and 100pF. ‘

toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.

Either tRcH or tRRY must be satisfied for a read cycle.

These parameters are referenced to CAS léading edge in early write cycles and to WE leading edge in read-modify-write cycle.

twCss tRWD» tCcwD and tAwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs>twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit(high impedance) through the entire cycle : If twp>trRwp(min.). tcwp2tcwp(min)
and tawp>tawn{min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out(at access time) is indeterminate.

Operation within the tcp(max.) limit insures that tg Ac(max.) can be met. tgcp(max.) is specified as a reference point only : If trcp is greater than the specified
trecp(max.) limit, then access time is controlled by tCAc.

Operation within the tg Ap(max.) limit insures that tg Ac(max.) can be met. trap(max.) is specified as a reference point only : If trAp is greater than the specified
trap(max.) limit, then access time is controlled by taa-

These specifications are applied to the test mode,

CAPACITANCE
(Ta=0°C to 70°C, Vop=5V + 10%, f=1MHz)

Input Capacitance(RAS, CAS, WE) - 7 pF
Cour . Output Capacitance(Doyr) ' _ 7 pF
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HY514100A 4,194,304X 1-Bit CMOS DRAM

TIMING DIAGRAM
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HY514100A 4,194,304 X 1-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE
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HY514100A 4,194,304 X1-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE

RAS

AoAig

Dour

Ag-Aro

S‘ tRASP(14)
tesHe) » - tecia) -
terpr2o) teasim tepzn tepeny a——tRsH(15) —
—>l 4 4———treD(16——> - «—>
teasin
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> | —» ||t . - —s +> || —s
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HY514100A 4,194,304 X1-Bit CMOS DRAM

FAST PAGE MODE READ-MODIFY-WRITE
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HY514100A 4,194,304 X 1-Bit CMOS DRAM
B e = ]

CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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HY514100A 4,194,304 X 1-Bit CMOS DRAM

HIDDEN REFRESH CYCLE(WRITE)
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HY514100A 4,194,304 X 1-Bit CMOS DRAM |

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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HY514100A 4,194,304 X1-Bit CMOS DRAM

TEST MODE IN CYCLE
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R C
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HY514100A 4,194,304 X1-Bit CMOS DRAM

TEST MODE

The HY514100A is a DRAM organized
4,194,304 words by 1 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in parellel
and retrieved the same way. Ar, Ac and Agc
are not used. If, upon reading, all bits are equal
(all 1s or 0s), the data output indicates 1. If any
of the bits differed, the data output pin indicates
0. The figure ‘1 shows the block diagram
of HY514100A. In Test Mode, 4M X1 DRAM
can be tested as if it were a 512K X8 DRAM.

PACKAGE INFORMATION

WE, CAS-Before-RAS Cycle(Test Mode In)
puts the device into Test Mode. And CAS
-Before-RAS Refresh Cycle or RAS-Only-
Refresh Cycle puts it back into Normal Mode.
In Test Mode, WE, CAS-Before-RAS Refresh
Cycle performs the refresh operation with the
internal refresh address counter. The Test
Mode funtion reducess test time to one-eighth
of normal in case of N test.pattern.

* 20/26 PIN SMALL OUT LINE J-FORM PACKAGE-300 MIL

0.0200(0.5080)
1™ 00160(0.4084)
005008SC
- 00320(0.8128)
—~ l I l (12700 —] |i=— ooze0(0ec04)
88 1
€y i l
88 T
38 NHA —AnAA)
S St U
t 06700(17.2466)
- . T 06710(17.0434)
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HY514100A 4,194,304 X1-Bit CMOS DRAM

* 20/26 PIN THIN-SMALL OUTLINE PACKAGE—300 MIL

MAX
IT @ INCH =
UNIT : INCH(mm) MIN

—

0.304(7.722)
0.370(9.398)
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Y
& ~
28 o8
0.020(0.508) g8 8%
i e 0014(0356) | Ss BE
.« "0050(1.270)BSC. -] — g g
_ e T I TETH b BASEPLANE E%ff
=t 1L SEATING PLANE M 71
Re . 0679(17.247) . as | 1o 0023(0:584) o5
N8 0671(17043) T | 8§ 0017(0432)
2y sg
23 '
o Q 2
oo

¢ 20 PIN ZIGZAG-IN-LINE PACKAGE-400 MIL

« 0.120(30480)
0.112(2.8448)

>
L
|
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1
e e T
L
L)
0.400(10.1600) MAX —»

|4— 0.140(3.5560)

|

|

|

|

|

|

|
L
|

|

i

|

|

!

!
!
1
I

«— 0356(9.0424) o

0.120(3.0480)

*————— 0.540(13.7160) ————>
0.520(13.2080)

i S

il v. | H H g8 .J/

| 88 i

Il I 88 | | ,

0.024(0.6096; 28
—l 00 16(04064; | 0050(1.2700)—> <— §§ —>|!I<—8%égggg§))
oo - -
l l —_ «— 0.100(2.5400) BSC
1.036(26.3144)

1.024(26.0096)
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SEMICONDUCTOR -

DESCRIPTION

The HYS514100AL is a high speed, low power
4,194,304 words by 1 bit CMOS dynamic
random access memory, fabricated with the
HYUNDAI CMOS process. The HY514100AL
offers a fast page mode operation, fast usable
speed and inherently high CMOS reliability.

All inputs and output are TTL compatible.
Multiplexed address inputs permit the
HY514100AL to be packaged in a standard
20/26 pin SOJ, TSOP, and 20 pin ZIP.

HY514100AL design is optimized for cache
based mainframe, and microcomputers,
graphics, digital signal processing, and high
performance microprocessor system,

BLOCK DIAGRAM

gzl

PRELIMINARY

FEATURES

* Low power dissipation
- Operating Current, 80ns

: 85mA(max.)

-TTL Standby Current : 2mA(max.)
- CMOS Standby Current : 200uA(max.)
- Battery Back Up Current : 300pA(max.)

¢ Read-Modify-Write Capability

. RTS—only, Hidden, CAS-Before-RAS Refresh
Capability

* Fast Page mode and Test mode Capability

* Single 5V+10% power supply

* 1024 refresh cycles/128ms

* High reliability 300 mil 20/26 pin SOJ, TSOP
and 400mil 20pin ZIP.

» Fast access time and cycle time(ns)

Max RAS Access

60 70 80
Time, trac
Max CAS Access

20 20 25
Time, tcac
Min Fast Page Mode

: 40 45 55

Cycle Time, tpc
Min Cycle Time, trc 120 130 150

DATA IN =0 DiN
0—1 BUFFER
COLUMN
CLOCK
GENERATOR L— DATAOUT ©Doyr
t vep
— GENERATOR
coLUMN
"|Prececonen W
1
oo COLUMN
e B DECODER
A oe] = REFRESH [+ et
A3 o] @ | [controLLer ],
As o+
AS ol | SENSE AMP
et ; = /O GATING
A7 0| UNTI
ﬁ‘; hat § (10) e m
A o~ ] Xz — )
100+ oW —
| PREDECODER J-U—ﬁ ROW MEMORY
(1) DECODER ARRAY
E‘ RAS CLOCK
T GENERATOR
ls;ﬁgrmre -0 Voo
— GENERATOR Vss
PARALLEL
TEST

PIN CONNECTIONS

Ongdt O 6Pvgs ONCI1 O 26 T Vsg
WEQ 2 25 0 Doyr WE (1 2 25 [T Doyt
RASO 3 24 [1CAS RASCH3 24 T TAS
NCO 4 23 AINC NcOI 4 23 I3 NC
Aods 20A; A5 22 [ Ag
A9 180 Ag Ao 9 18I Ag
Aid10 17@;\7 A D10 17 I A7
A2t 16 D Ag A, CTj 1 16 L1 Ag
Asg12 15 D As Az CI12 15 Ag

Voor]13 140As VppCI13 141 Ay

SOJ TSOP
PIN NAMES e——
. Ag (1] [Z]cas
RAS ROW ADDRESS STROBE Dour % 2] vss
— Din] 8 —_
CAS COLUMN ADDRESS STROBE & [7) ] we
—_— 8 A
WE WRITE ENABLE NC [T] 0w b:g
AoAlg | ADDRESS INPUT 2‘2’ % 1z Ay
DN DATA INPUT Voo [ 1] : ’:j
Dour | DATA OUTPUT As [17] E B Ao
Az | Y l

Vob POWER (+5V) \_@ A8
Vss GROUND ZIP
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HY514100AL 4,194,304 X1-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0to 70 c
Tstc Storage Temperature —-55 to 150 c
Vins Vour Voltage on Any Pin Relative to Vgg -1.0to 7.0 A%
Vbp Voltage on Vpp Relative to Vgg —1.01t0 7.0 v
Tos Short Circuit Output Current 50 mA
TsoLDER Soldering Temperature Time 260, 10 T, sec
Pr Power Dissipation 735 mW

NOTE : Operation at or above Absolute Maxi

ly affect device reliability.

Ratings can ad

RECOMMENDED DC OPERATING CONDITIONS

(Ta=0°C to 70°C)

Vop Supply Voltage 4.5 5.0 55 v
Viu Input High Voltage 24 - Vpp+1 \%
ViL Input Low Voltage -1.0 - 0.8 A\

NOTE : All voltages are reference to Vgs.

DC CHARACTERISTICS

(TA—OOC to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted)

‘ 0V <Vin<65V, All other
i i - = - 10
[ IU | | Input Leakage Current(any input pin) pin not under fest=Vss uA
Output Leakage Current for Doyt is disable,
o | . - 10 MA
High Impedance State 0V <Vour<S.5V
—_— —60 - 105
1 Vpp Supply C Operati RAS, CAS, Address 70 95 A | 1,25
in, = — m y 2,
Dbt pp Supply Current, Operating cycling, tre=trc(min.)
‘ —80 | - 85
Ipp: | Vop Supply Current, TTL Standby | RAS=CAS=Viy - 2 mA
— —_— —60 - 105
RA ling, CAS=Vy,
Tnps Vpp Supply Current, S cyc m.g, TH 70 — 95 mA 14
RAS-only Refresh tre=trc(min.)
—80 - 85
Vpp Supply Current, RAS=Vy, Address =60 | - 83
Ipps | DD PPV umEn e ) —70 | - 55 | mA | 1,2,5
: Fast page mode cycling, tpc =tpc(min.)
—80 — 45
Vpp Supply Current, vl e
I RAS=CAS=Vpp—0.2V - 200
PS5 | CMOS Standby oD HA
[ — . -60 - 105
Vpp Supply Current, RAS, CAS cycling
Ipbs : ) —-70 95 mA 1,4
CAS-Before-RAS Refresh trc=trc(min.) 50 — %5 :
CAS=CBR cycling or 02V,
WE=Vpp—0.2V,
Add=Vpp—0.2V or 0.2V
Vpp Supply Current, /O=Vpp—02V or 02V or open, - 300 HA 1
Ipp7 Battery Back up tre=125ps, tras=tras(min.)
~300ns
S
ame as above _ 400 15
except tras=300ns~ 1us
VoL Output Low Voltage IoL=4.2mA - 04 \%
Vor | Output High Voltage Ion=—5mA 24 — v
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HY514100AL 4,194,304 X 1-Bit CMOS DRAM
S,

AC CHARACTERISTICS
(Ta=0°C to 70°C, Vop=5V=+ 10%, Vss=0V, unless otherwise noted.) NOTES:3, 4,5, 6

1} tre Random Read or Write Cycle Time 120 - 130 - 150 - ns
2| trwc | Read-Modify-Write Cycle Time 145 - 155 - 180 - ns
31 tec Fast Page Mode Cycle Time 40 - 45 - 55 - ns
4 | tprwc | Fast Page Mode Read-Modify-Write Cycle Time 65 - 70 - 85 - ns
5| trac | Access Time from RAS - 60 - 70 | - 80 |( ns 8,13
6| tcac | Access Time from CAS - | 2 { - 20 | - 25 { ns | 813
71| taa Access Time from Column Address - 30 - 35 - 40 ns 8, 13
8| tcra Access Time from CAS Precharge Co- 35 - 40 - 50 ns 8
9| tciz | CAS to Output in Low-Z 0 - 0 - 0 - ns 8
10| torr Output Buffer Turn-off Delay 0 20 0 20 0| 20 ns 9
i1 tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 7
12| tgp RAS Precharge Time 50 - 50 - 60 - ns
13| tras RAS Pulse Width 60 10K 70 10K 80 10K ns
14| trasp | RAS Pulse Width(Fast Page Mode) 60 |200K | 70 [200K | 80 | 200K | ns
15| trsu | RAS Hold Time 20 | - 20 | - 25 - ns
16| tcsu | CAS Hold Time 60 | — 0| - 80 | - ns
17| tcas | CAS Pulse Width 20 | 10K | 20 | 10K | 25 | 10K | ns
18| trep | RAS to CAS Delay Time 20 40 20 50 20 55 | ns 13
19| traDp RAS to Column Address Delay Time 15 30 15 35 15 40 ns 14
20| tcrp CAS to RAS Precharge Time 5 - 5 - 5 - ns
21| tcp CAS Precharge Time 10 - 10 - 10 - ns
22| tasr Row Address Set-up Time 0 - 0 - 0 - ns
23 | tran Row Address Hold Time 10 - 10 - 10 - ns
24 | tasc Column Address Set-up Time 0 = 0 - 0 - ns
25| tcan Column Address Hold Time 15 - 15 - 15 - ns
26| tar Column Address Hold Time referenced to RAS 50 - 55 - 60 - ns
27 | traL Column Address to RAS Lead Time 30 - 35 - 40 - ns
28 | trcs Read Command Set-up Time 0 - 0 - 0 - ns
29 | trcy Read Command Hold Time 0 - 0 - 0 - ns 10
30| trRrRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 10
31! twen | Write Command Hold Time 15 - 15 - 15 - ns
32| twer | Write Command Hold Time referenced to RAS| 50 - 55 - 60 - ns
33| twp Write Command Pulse Width 15 - 15 - 15 - ns
34| trwL Write Command to RAS Lead Time 20 - 20 = 25 - ns
35| tcwL | Write Command to CAS Lead Time 20 | - 20 | - 25 - ns
36| tps Data Set-up Time 0 - 0 - 0 - ns 11
37| tpu Data Hold Time 5 - 15 = 15 - ns 1
38| tpyr | Data Hold Time referenced to RAS 50 - 55 - 60 - ns
39 | trer Refresh Period - 128 - 128 - 128 ms
40 | twcs Write Command- Set-up Time 0 - 0 - 0 - ns 12
41| tcwp | CAS to WE Delay Time 20 | — 20 | — 25 - ns 12
42| trwp | RAS to WE Delay Time 60 | — 70 | - 80 - ns 12
43| tawp | Column Address to WE Delay Time 30 - 35 - 40 - ns 12
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44 | tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 - 20 | - 30 - ns
46| tepc | RAS to CAS Precharge Time 0 - 0| - 0 - ns
47| tcpr | CAS Precharge Time(CBR Counter test cycle)| 30 - 35 - 40 - ns
48! twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
49 | twrn | Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns
50 | twrp | WE to RAS Precharge Time( CBR Cycle ) 10 - 10 - 10 - ns
51| twry | WE to RAS Hold Time( CBR Cycle ) 10 - 10 - 10 - ns
AC CHARACTERISTICS IN TEST MODE NoTE 11
52| trc Random Read or Write Cycle Time 125 - 135 - 155 = ns
53| trwc | Read-Modify-Write Cycle Time 150 | — 160 | - 185 - ns
54 | tpc Fast Page Mode Cycle Time 45 - 50 - 60 - ns
55| tprwc | Fast Page Mode RMW Cycle Time 70 - 75 - 90 - ns
56 | trac | Access Time from RAS - 65 - 75 - 85 ns 8,13
57| tcac | Access Time form CAS - 25 | - 25 | - 30 | ns | 813
58| taa Access Time form Column Address - 35 - 40 - 45 ns 8,13
59| tcpa | Access Time from CAS Precharge - a0 | - 45 - 55 | ns 8
60| tras | RAS Pulse Width 65 | 10K 75 | 10K | 8 | 10K | ns
61| trase | RAS Pulse Width(Fast Page Mode) ~ 65 |200K | 75 |200K | 8 |200K | ns.
62| tasy | RAS Hold Time %5 | — 25 | - 30 - ns
63| tcsu | CAS Hold Time 65 - 75| - 85 - ns
64| tcas | CAS Pulse Width 25 | 10K | 25 | 10K | 30 | 10K | ns
65| trar | Column Address to RAS Lead Time 35 - 0 | - 45 - ns
66| tcwp | CAS to WE Delay Time 25 - 25 | - 30 - ns 12
67 | trwp RAS to WE Delay Time 65 - 75 - 85 - ns 12
68| tawp | Column Address to WE Dealy Time 35 - 40 - 45 - ns 12
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B

NOTES :

1. Ipp1. Ipp3. IDD4» IDD6: IDD7 depend on cycle rate.

2. Ippi, Ipp4 depend on output loading. Specified values are obtained with the output open.

3. An initial pause of 200us is required after power-up followed by 8 mcycles 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.

4. It depends on user whether column address is changed or not at least once while R'Ts=v"_ and (TE:V]H.

5. Only tgas(max.)=1ps is applied to refresh of batlery-back up but tRAS(max.)=10us is applied to normal functional operating.

6. AC measurements assume tp=>5ns.

7. Vigi{min.) and V(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vi and Vyr.
8. Measured with a load equivalent to 2 TTL loads and 100pF,

9. toFp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.

10. Either trcH or tRrH must be satisfied for a read cycle.

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

12. tws, tRWDs tcwD and taowp are not restrictive operati They are included in the data sheet as electrical characteristic only. If tyycg>twcsg(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If trwD2trRwp(min.). tcwpxtcwp(min.)
and tAwp>tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out(at access time) is indeterminate.

13. Operation within the tgcp(max.) limit insures that tgac (max.) can be met. trcp(max.) is specified as a reference point only : If trep is greater than the specified
trcp(max.) limit, then access time is controlled by tcAC.

14, Operation within the trAp(max.) limit insures that trpc(max.) can be met. trAp(max.) is specified as a reference point only : If trop is greater than the specified
trap(max.) limit, then access time is controlled by taa.

15. These specifications are applied to the test mode.

CAPACITANCE |
(TAa=0°C to 70°C, Vop=5V + 10%, f=1MHz)

Cmi Input Capacitance(Ag-Ajo, Din) 5 oF
Cinz Input Capacitance(RAS, CAS, WE) - 7 pF
Cour Output Capacitance(Douyr) _ 7 pF
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TIMING DIAGRAM
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READ-MODIFY-WRITE CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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TEST MODE IN CYCLE
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TEST MODE

The HY514100AL is a DRAM organized
4,194,304 words by 1 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in
parellel and retrieved the same way. Aor, Ajoc
and Ag are not used. If, upon reading, all bits
are equal(all 1s or 0s), the data output indicates
1. If any of the bits differed, the data output pin
indicates 0. The figure 1 shows the block diag-
ram of HY514100AL. In Test Mode, 4M X1
DRAM can be tested as if it were a 512KX8
DRAM.

‘PACKAGE INFORMATION

WE, CAS-Before-RAS Cycle(Test Mode In)
puts the device into Test Mode. And CAS-Be-
fore-RAS Refresh Cycle or RAS-Only Refresh
Cycle puts it back into Normal Mode. In Test
Mode, WE, CAS-Before-RAS Refresh Cycle
performs the refresh operation with the internal
refresh address counter. The Test Mode funtion
reduces test time to one-eighth of normal
in case of N test pattern.

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE-300 MIL
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* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL

. , MAX
UNIT : INCH(mm) MIN
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CCUYUNDAI

~ SEMICONDUCTOR

DESCRIPTION

The HY514400 is the new generation dyna-
mic RAM organized 1,048,576 words by 4 bits.
The HY514400 utilizes HYUNDAI's CMOS
process technology as well as advanced circuit
techniques to provide wide operating margins.
Multiplexed address inputs permit the
HY514400 to be packaged in a standard 20/26
pin plastic SOJ.

The package size provides high system bit
densities and is compatible with widely avail-
able automated testing and insertion
equipment. System oriented feature include
single power supply of 5V+10% tolerance,
direct interfacing capability with high per-
formance logic families such as Schottky TTL.

BLOCK DIAGRAM
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AR R

DATA IN DATA OUT OF
[ BUFFER I l BUFFER ~00E

L e ) = A

COLUMN
CLOCK
GENERATOR §o—y
COLUMN ‘I
PREDECODER 10
(10)
QO COLUMN
et B DECODER
Ay 0= = REFRESH
A3 O~ 2 CONTROLLER } |
o
24 o E T ’ SENSE AMP C‘t
5 2 g 110 GATE
Ag O REFRESH
A7 O] @ COUNTER
g o] & (10 3” ........... t ”
Ag O s —T o]
o~ ROW
}=f PREDECODER ROW MEMORY
(10) 10_A becoper ARRAY
:’ RAS CLOCK
RAS 0—+f GENERATOR
SUBSTRATE
«-0 Vi
BIAS .o VDD
— GENERATOR SS
PARALLEL
TEST .

FEATURES

* Low power dissipation
- Operating Current, 100ns : 75mA(max.)

- TTL Standby Current

it CMOS DRAM.

M1A1202A-JANG2

: 2mA(max.)

- CMOS Standby Current : ImA(max.)
¢ Read-Modify-Write Cmbility
* RAS-only, Hidden, CAS-Before-RAS Refresh

Capability

. * Common I/O capability

¢ Fast Page mode and Test mode capability
* 1024 refresh cycles/16 ms

* High reliability 300 mil 20/26 pin SOJ
¢ Fast access time and cycle time(ns)

Max RAS Access

70 80 100
Time, trac
Max CAS Access

20 25 25
Time, tcac
Min Fast Page Mode

50 50 60
Cycle Time, tpc
Min Cycle Time, trc 130 150 180

PIN CONNECTIONS

RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE
AgAg | ADDRESS INPUT
1/Op#/O3 | DATA INPUT/OUTPUT
Vbp POWER (+5v )
Vss GROUND
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e

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0to 70 c

Tstc Storage Temperature —55 to 150 c

Vv Vour Voltage on Any Pin Relative to Vsg —-1.0 to 7.0 v

Vpp - Voltage on Vpp Relative to Vgs —10 to 7.0 \"4

Ios Short Circuit Output Current 50 mA

Pr Power Dissil;ation 0.6 w
NOTE : Operation at or above Absolute Maxi Ratings can ad ly affect device reliability.

RECOMMENDED OPERATING CONDITIONS .
(TAa=0°C to 70°C)

Vobp Supply Voltage 4.5 5.0 5.5 v
Vin Input High Voltage 24 - Vpp+1 v
ViL Input Low Voltage -1.0 - 0.8 v

NOTE : All voltages are reference to Vgg.

DC CHARACTERISTICS
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.)

0V<VN £6.5V, All other

| I | Input Leakage Current(any input pin) . - 10 pA
pin not under test=Vgg
o | Qutput Leakage Current for Dour is disable, 10 '
o High Impedance State 0V<Vgur 255V .
—_ -70 - 95
. RAS, CAS, Address
Ippi Vpp Supply Current, Operating . . —80 - 85 mA 1,2
cycling, trc=trc(min.) - |
-10 - 75
Ipp2 Vop Supply Current, TTL Standby RAS=CAS=Vy - 2 mA
Vpp Supply Currert 'RAS cycling, CAS=V, 0 | - %
Ippy | LDpSupply Cumedt > YOIe ATV gy | - 85 | mA | 2
RAS-only Refresh tre=trc(min.)
-10 - 75
Vpp Supply C RAS=Vy1, Add —70 ~ 80
Uy ‘urren = res ‘
Toos DD SuPPY . o * -80 | - 70 | mAa | 1,2
Fast page mode cycling, tpc=tpc(min.) 10 — P

Vbp Supply Current, — —
Ipps pp SUPPY RAS=CAS=Vpp—0.2V - 1 mA
CMOS Standby ]

— ~70 | - 95 |
Vpp Supply Curren RAS, CAS cyclin, -
Ipps DD SUPPYY —T N .y & ~80 - | 85 mA 2
CAS-Before-RAS Refresh tre=trc(min.) o 75
VoL Output Low Voltage IoL=4.2mA - 04 v
Vou Output High Voltage Iou=—5mA 24 - v
pp— . i _ g ;

1. Ipp) and Ipp4 depend on output loading, specified values are obtained with the output open.
2. Ippt, Ipp3, Ipp4 and Ippg depend on cycle rate.
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L

AC CHARACTERISTICS
(Ta=0°C to 70°C. Voo=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES : 1, 2, 3

1| trc Random Read or Write Cycle Time 130 - 150 - 180 - ns
2| trwc Read-Modify-Write Cycle Time 185 - 210 - 245 - ns
3| tec Fast Page Mode Cycle Time 50 - 50 - 60 - ns
4| tprwc | Fast Page Mode RMW Cycle Time 105 | - | s | - | 125 | - ns
5| trac | Access Time from RAS - 70 | - 8 | - 100 | ns 4,9
6| tcac | Access Time From CAS - 20 - 25 - 25 ns 4,9
71| taa Access Time from Column Address - 35 - 40 - 45 ns 4,9
8| tcpa | Access Time from CAS Precharge - 45 | - 45 | - 55 | ns 4
9| tcrz - | CAS to Output in Low-Z 0 - 0 - (] - ns 4
10| torr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5
11| tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3
12| trp RAS Precharge Time 50 - 60 - 70 - ns
13 | tras RAS Pulse Width 70 10K 80 10K 100 10K ns
14| taasp | RAS Pulse Width(Fast Page Mode) 70 | 200K| 80 200K| 100 200K | ns
15| trsy’ | RAS Hold Time 20 | - %5 | - 25 - ns
16| tcsu | CAS Hold Time 70 | - 80 | - | 100 - ns
17 | tcas | CAS Pulse Width 20 | 10K| 25 | 10K | 25 | 10K | ns
18 | tgep | RAS to CAS Delay Time 20 50 20 55 25 75 | ns 9
19| trap RAS to Column Address Delay Time 15 35 15 40 20 55 ns 10
20| tcre | CAS to RAS Precharge Time 5| - 51 — 0] - ns
21| tcp | CAS Precharge Time 10 | - 0| - 0| - ns
22| tasr Row Address Set-up Time 0 = 0 - 0 E ns
23| tran Row Address Hold Time 10 - 10 - 15 - ns
24| tasc Column Address Set-up Time 0| - 0 - 0 - ns
25 | tcam Column Address Hold Time 15 - 15 - 20 - ns
26| tar  [Column Address Hold Time referenced to RAS| 55 | — 60 | - 80 - ns
27| trar | Column Address to RAS Lead Time B 0 | - 45 - ns
28 | trcs Read Command Set-up Time 0 - 0 - 0 - ns
29 | trcH Read Command Hold Time 0 - 0 - 0 - ns
30| tgrn [Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns
31| twcu | Write Command Hold Time 15 - 15 - 20 - ns
32| twer [Write Command Hold Time referenced toRAS| 55 - 60 = 80 - ns
331 twp Write Command Pulse Width 15 - 15 - 20 - ns
34| trwL Write Command to RAS Lead Time 20 - 25 - 25 - ns
35| tcwe | Write Command to CAS Lead Time 0 | - 25 - | 25 - | ns
136 | tps Data Set-up Time 0 - 0 - 0 - ns 7
37| tou Data Hold Time 15 - 15 - 20 - ns 7
38| tppr | Data Hold Time referenced to RAS 55 | - 60 | — | 80| — | ns
39 | trer Refresh Period - 16 - 16 - 16 ms
40 | twcs | Write Commiand Set-up Time 0 - 0 - 0 - ns 8
41| tcwp | CAS to WE Delay Time 0 | - 55 | — 60 - ns 8
42| tawp | RAS to WE Delay Time 100 | - 1m0 | - | 135 - ns 8
43| tawp | Column Address to WE Delay Time 65 | - 70 | - 80 | - ns 8

3-223



HY514400 1,048,576 X4-Bit CMOS DRAM

44| tcsg | CAS Set-up Time(CAS Before RAS Cycle) 10 10 10 ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns
46 | trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
47| tcpr | CAS Precharge Time(CBR Counter Test Cycle) | 40 - 40 - 50 - ns
48| tron | RAS Hold Time referenced to OE 0| - 0| - 20 - ns
49| tora | OE Access Time - 20 - 20 - 25 ns
50| toep | OFE to Data Delay 20 - 20 - 25 - ns
51| torz Output Buffer Turn-off Delay Time from OE 0 20 0 20 0 20 ns
52| togy | OE Command Hold Time 20 - 20 - 25 - ns
53| twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
54| twry | Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns
55| twrp | WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns
56| twry | WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns
57| tcpwp | CAS Precharge to WE Delay 70 - 75 - 85 - ns
58 | trucp | RAS Hold Time from CAS Precharge 40 - 45 - 50 - ns

AC CHARACTERISTICS IN THE TEST MODE NOTE: 11

HYMS]
5
59 | trc Random Read or Write Cycle Time 135 - 155 - 185 - ns
60 | trwc | Read-Modify-Write Cycle Time 190 - 215 - 250 - ns
61| tpc Fast Page Mode Cycle Time 55 - 55 - 65 - ns
62 | tprwc .| Fast Page Mode RMW Cycle Time 110 - 120 - 130 - ns
63| trac | Access Time from RAS - 75| - 8 | - 105 | ns 4,9
64 | tcac Access Time from CAS - 25 - 30 - 30 ns - 4,9
65| taa Access Time from Column Address - 40 - 45 - 50 ns 4,9
66 | tcpa Access Time from CAS Precharge - 50 - 50 - 60 ns 4
67| tras | RAS Pulse Width 75 | 10K | 85 | 10K | 105 10K | ns
68 | trasp | RAS Pulse Width(Fast Page Mode) 75 200K 85 200K | 105 200K | ns
69| trsu | RAS Hold Time 25 - 30 - 30 - ns
70| tcsu | CAS Hold Time 75 - 85 - 105 - ns
71| tcas | CAS Pulse Width 25 | 10K | 30 | 10K |- 30 10K | mns
72| traL Column Address to RAS Lead Time 35 - 45 - 50 - ns
73| tcwp | CAS to WE Delay Time 55 | — 60 | - 65 - ns
74 | trwp | RAS to WE Delay Time 05 | — | us | - 140 - ns
75 | tawp | Column Address to WE Delay Time 70 - 75 -~ 85 - ns
76 | toea | OE Access Time - 5 | - 25 | - 30 | ns
77 | toep | OE to Data Delay 25 - 25 - 30 - ns
178 | toen | OF Command Hold Time 25 | - 25 | - 0 | - ns
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NOTES :

1. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 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.

2. AC measurements assume ty=>5ns.

3. Vyp(min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Viy and Vyy.

4. M d with a load equivalent to 2 TTL loads and 100pF.

5. toFr(max.) and {oEz defines the time at which the output achieves the open circuit dition and are not refe d to output voltage levels.

6. Either trcy or t(RRH must be sahsﬁed for a read cycle.

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

8. twcss tRWD» tcwD and towp are not restrictive operating p They are included in the data sheet as electrical characteristic only. If twcs > twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tgwp > twp(min.), tcwp > tcwp(min.)
and tawD > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

9. Operation within the trcp(max.) limit insures that tg sc(max.) can be met. tgcp{max.) is specified as a reference point only : If trCp is greater than the specified
trep(max.) limit, then access time is controlled by tcac.

10. Operation within the tg Apy(max.) limit insures that tg Ac(max.) can be met. tgap(max.) is specified as a reference point only : If tRAp is greater than the specified
trap(max.) limit, then access time is controlled by taa.
11. These specifications are applied to the test mode.

CAPACITANCE
(Ta=0°C to 70°C, Vop=5V+ 10%, f=1MHz)

Cmi Input Capacitance(Ag-Ag, Data In) - 5 pF
Cz Input Capacitance(RAS, CAS, WE, OE) - 7 pF
Cour ) Output Capacitance(Data Out) - 7 pF
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- TIMING DIAGRAM
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WRITE CYCLE(OE CONTROLLED WRITE)
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FAST PAGE MODE READ CYCLE
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e~ e e

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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TEST MODE IN CYCLE
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TEST MODE

The HY514400 is a DRAM organized 1,048,
576 words by 4 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in parallel
and retrieved the same way. Ao is not used. If,
upon reading, two bits on one I/O are equal(all
1s or 0s), the I/O pin indicates 1. If they were
not equal, the I/O pin indicates 0. The
following figure shows the block diagram of
HY514400. In Test Mode, 1IMX4 DRAM
can be tested as if it were a 512K X4 DRAM.

FIG. 1 BLOCK DIAGRAM IN TEST MODE
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performs the refresh operation with the internal
refresh address couter. The Test Mode function
reduces test time to one-second in case of N test
pattern.
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PACKAGE INFORMATION

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE-300 MIL
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"I'IYUNB'

_ SEMICONDUCTOR 5 i (Mos e

M1l 200A-MAR92

DESCRIPTION FEATURES

The HY514400A is a high speed and new ¢ Low power dissipation
generation 1,048,576 words by 4 bits CMOS - Operating Current, 80ns : 90mA(max.)
dynamic random access memory, fabricated -TTL Standby Current : 2mA(max.)
with the HYUNDAI CMOS process. The -CMOS Standby Current: ImA(max.)
HY514400A offers a fast page mode operation, * Read-Modify-Write Capability
wide operating margins, and inherently high * RAS-only, Hidden, CAS-Before-RAS Refresh
CMOS reliability. 7 Capability

All inputs and outputs are TTL compatible. * Common 1/O Capability
Multiplexed address inputs permit the * Fast Page mode and Test mode Capability
HY514400A to be packaged in a standard * Single 5V+ 10% power supply
20/26 pin SOJ, TSOP, and 20 pin ZIP. * 1024 refresh cycles/16 ms

HY514400A design is optimized for cache * High reliability 300 mil 20/26 pin SOJ, TSOP
based mainframe, and microcomputers, and 400mil 20 pin ZIP
graphics digital signal processing, and high * Fast access time and cycle time(ns)

* performance microprocessor systems.
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[ e || amem |=® | cye Time, e
g%:tt}’ L1, 7] 'J Min Cycle Time, tgc | 120 130 150
comn | .
GeNeRaTon |
I:wp :I PIN CONNECTIONS
GENERATOR
I .
COLUMN :
PREDECODER | 10)
(10)
Ao~ |
Ayo—~| ©
A;o.. Z REFRESH
A3 O g CONTROLLER
Ay O
Ag O L NSE AMP d
Ag o~ REFRESH 70 Sure
A7 O 2 COUNTER
Asg_: g (10 [ i
Ago—- =] 193 ‘
ROW e
|+| PREDECODER ROW ’ MEMORY
(10) DECODER - ARRAY

s Jowe  PIN NAMES
X8 GENERATOR <0 Vss __
?ég?LLEL RAS ROW ADDRESS STROBE

CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE
AgAg ADDRESS INPUT
I/0g/03 | DATA INPUT/OUTPUT
Vpp POWER(+5V)
Vss GROUND




HY514400A 1,048,576 X4-Bit CMOS DRAM -

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature

Ta 0to 70 C
TstG Storage Temperature —55 to 150 c
Vine Vour Voltage on Any Pin Relative to Vsg —-1.0to 7.0 A%
Vop Voltage on Vpp Relative to Vgg —1.0t0 7.0 \Y%
Ios Short Circuit Qutput Current 50 mA
TsoLDER Soldering Temperature, Time 260,10 T, sec
Pr Power Dissipation 770 mW

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

RECOMMENDED DC OPERATING CONDITIONS

(Ta=

0°C to 70°C)

Vbb Supply Voltage
Vin Input High Voltage 24 Vpp+1 \%
Vi Input Low Voltage =10 0.8 \%

NOTE * Al voltages are reference to Vgg.

DC CHARACTERISTICS .
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.)

. . 0V< VN 6.5V, All other
| Ty | Input Leakage Current(any input pin) . . - 10
pin not under test=Vss
o | Output Leakage Current for Dour is disable, 10
Lo High Impedance State 0V<Vour<5.5V
—_— e —60 = 110
RAS, CAS, Address
Ipp1 Vpp Supply Current, Operating ) . -70 - 100 1,2, 4
cycling, trc =trc(min.) ’
—80 - 90
Ipp2 Voo Supply Current, TTL Standby RAS=CAS=Vy - 2
Vop Supply Current, RAS cycling, CAS=V; il 110
: pb Su; 'urren cyclin, =V,
foos RAS. :)p; fresh t ty ( % ) D - 100 1,4
-only Refres re=trc(min.
Y —80 - 90
Vo Supply Current, RAS=Vy,, Add 0 - 70
u urren = ress
Tops pD SUPPY T _ 0| - | e 1,24
Fast page mode cycling, tpc=tpc(min.)
-80 - 50
Vpp Supply Curren — '
Ipps , Yoo SUPPY b RAS=CAS=Vpp—0.2V - 1 mA
CMOS Standby
Vop Supply C RAS, CAS cycli L S L
Ioos Voo Supply Current, » A5 cyciing —70 100 | mA | 1,4
CAS-Before-RAS Refresh tre=trc(min.)
—80 - 20
VoL Output Low Voltage IoL=4.2mA - 0.4
Vou Output High Voltage Ion=—5mA 24 -
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AC CHARACTERISTICS
(T4=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES: 3, 4, 5

trc Random Read or Write Cycle Time 120 - 130 - 150 - ns

1
2| trwc Read-Modify-Write Cycle Time 175 - 185 - 210 - ns
3| tpe Fast Page Mode Cycle Time 40 | - 45 | - 55 — | ns
4| tprwc | Fast Page Mode RMW Cycle Time 95 - 100 - 115 - ns
5| trac | Access Time from RAS ] - 60 | - 70 | - 80 | ns | 7,12
6| tcac | Access Time From CAS - 20 | - 20 | - 25 | ns | 7,12
7| taa Access Time from Column Address - 30 - 35 = 40 ns 7,12
8| tcpa | Access Time from CAS Precharge - 335 | - 40 | - 50 | ns 7
9| tciz | CAS to Output in Low-Z o| - | o] - 0| - | ns 7
10| torr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 8
11 tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 6
12 tgp RAS Precharge Time 50 - 50 - 60 - ns
13| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 8 | 10K | ns
14| trasp | RAS Pulse Width(Fast Page Mode) 60 | 200K 70 | 200K 80 200K ns
15| trsy | RAS Hold Time 20 - 20 - 25 - ns
16 | tcsu | CAS Hold Time 60 | - 70 | - 80 | ~ | ms
17| tcas | CAS Pulse Width 20 | 10K | 20 | 10K |* 25 | 10K | ns
18| trcp | RAS to CAS Delay Time 20| 40 | 2| 50 | 20 55 | ns 12
19| trap | RAS to Column Address Delay Time 15 30 15 35 15 40 ns 13
20| tcrp CAS to RAS Precharge Time 5 - 5 - 5 - ns
21| tcp CAS Precharge Time 0| - 10| - 10 - ns
22| tasr Row Address Set-up Time 0 - 0 el 0 - ns
23| tran Row Address Hold Time 10 - 10 - 10 - ns
24 | tasc Column Address Set-up Time 0 - 0 - 0 - ns
25| tcaH Column Address Hold Time 15 - 15 - 15 — | ns
26| tar Column Address Hold Time referenced to RAS| 50 - 55 - 60 - ns
27| trar | Column Address to RAS Lead Time 30 | - 35 | — 40 - ns
28 | tres Read Command Set-up Time 0 - 0 - 0 - ns
29 | trcH Read Command Hold Time 0 - 0 - 0 - ns
30| trru |{Read Command Hold Time referenced to RAS 0 - 1] - 0 - ns
31| twcu | Write Command Hold Time 15 - 15 - 15 - ns
32| twcr |Write Command Hold Time referenced to RAS| 50 - 55 - 60 - ns
33| twp Write Command Pulse Width 15 - 15 - 15 - “ns
34| tgwr | Write Command to RAS Lead Time 20 | - 20 | - 25 | - | ns
35| tcwL | Write Command to CAS Lead Time 0 | - 20 | - 25 - ns
36| tps Data Set-up Time 0 - 0 - 0 - ns 10
37| tpu Data Hold Time 15 - 15 — 15 - ns 10
38| tpur | Data Hold Time referenced to RAS 50 | - 55 | — 60 - ns
39| trer Refresh Period - 16 - 16 - 16 ms
40 | twcs Write Command Set-up Time 0 - 0 - 0 - ns 11
41| tcwp | CAS to WE Delay Time 50 | - 50 | - 55 - ns 11
42| tgwp | RAS to WE Delay Time 90 - 100 - 110 - ns 11
43| tawp | Column Address to WE Delay Time 60 | — 65 | - 70 - ns 11
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44| tcsk CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 15| — 20 | - 30 - ns
46 | trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
47| tcpr  |CAS Precharge Time(CBR Counter Test Cycle)] 30 - 35 - 40 - ns
48 | tron |RAS Hold Time referenced to OE 10 - 10 - 10 - ns
49 | toea |OE Access Time - 20 - 20 - 20 ns
50 | toep | OE to Data Delay 20 - 20 - 20 - ns
51 | toez | Output Buffer Turn-off Delay Time from OE 0 20° 0 20 0 20 | ns
52| toen | OE Command Hold Time 20 - 20 - 20 - ns
53| twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
54| twrn | Write Command Hold Time(Test Mode In) - 10 - 10 - 10 - ns
55| twrp | WE to RAS Precharge Time (CBR Cycle ) 10 - 10 - 10 - ns
56| twry | WE to RAS Hold Time( CBR Cycle ) 10 - 10 - 10 - ns

AC CHARACTERISTICS IN THE TEST MODE note : 14

57| trc Random Read or Write Cycle Time 125 - 135 - 155 - ns

58| trwc | Read-Modify-Write Cycle Time 180 = 190 | — 215 - ns

59| tpc | Fast Page Mode Cycle Time 45 | - 50 | - 60 | — | ns

60| terwc | Fast Page Mode RMW Cycle Time. 0w | - | 105 — | 120] — | ns

61| trac | Access Time from RAS - 65 - 75 - 8 | ns | 7,12
62| tcac | Access Time from CAS - 5 | - 25 | — | 30 | ns | 7,12
63| taa Access Time from Column Address - 35 - 40 - 45 ns 7,12
64 | tcpa Access Time from CAS Precharge - 40 - 45 - | 55 ns 7
65| tras | RAS Pulse Width 65 | 10K | .75 | 10K 8 | 10K | ns

66 | trasp RAS Pulse Width(Fast Page Mode) 65 | 200K 75 | 200K 85 200K ns

67| trsy | RAS Hold Time 25 - 25 - 30 - ns

68| tcsu | CAS Hold Time ' 65 - 75 - 85 - ns

69 | tcas | CAS Pulse Width 25 | 10K | 25 | 10K 30 | 10K | ns

70| trar | Column Address to RAS Lead Time 5 | - 40 | — 45 - ns

71| tcwnp | CAS to WE Delay Time 55 | - 55 | - 60 - ns 1
72| trwp | RAS to WE Delay Time . 95 - 105 - 115 - ns 11
73 | tawp | Column Address to WE Delay Time 65 - 70 - 75 - ns 11
74| toea OE Access Time = 25 - 25 - 25 ns

75 | toep OE to Data Delay 25 - 25 - 25 - ns

76 | toen | OE Command Hold Time 25 - 25 | - 25 - ns




HY514400A 1,048,576 X4-Bit CMOS DRAM
e

NOTES :
L Iccn Iecs Iecs Iccs, 1Icc7 depend on cycle rate.
2. Icc1, Iccy depend on output loading. Specified values are obtained with the output open. .
3. An initial pause of 200us is required after power-up followed by 8 RAS cycles 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.
4. It depends on user whether column address is changed or not at least once while RAS=Vy and CAS=Viy.
§. AC measurements assume ty=5ns. .
6. Vig(min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are d between Vyy and V.
7. Mi d with a load equivalent to 2 TTL loads and 100pF.
8. topr(max.) and tggz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.
9. Either trCy or tRrH must be satisfied for a read cycle.
10. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles.
11. twcs, tRWDs tcwD and tawp are not restrictive operating p They are included in the data sheet as electrical characteristic only. If twcs >twcs(min.)
- the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If trwp > tRwp(min.), tcwp > tcwp(min.)
and tawp > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.
12. Operation within the trcp(max.) limit insures that troc(max.) can be met. trcp(max.) is specified as a reference point only : If trcp is greater than the specified
trep(max.) limit, then access time is controlled by tcac.
13. Operation within the tg Ap(max.) limit insures that trpc{max.) can be met. tgop(max.) is specified as a reference point only : If toD is greater than the specified
tRAD(max.) limit, then access time is controlled by taa.
14. These specifications are applied to the test mode.

CAPACITANCE
(Ta=0°C to 70°C, Vop=5V+ 10%, f=1MHz)

Input Capacitance(Ag-Ag, Data In) - 5 pF
Cin2 Input Capacitance(RAS, CAS, WE, OE) - 7 pF
Cout Output Capacitance(Data Out) - 7 pF
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TIMING DIAGRAM

7

READ CYCLE
mo T N
o iy — lm . :_—IRCD(|5).__> ‘is”“s’ tRsH(S)
CAS v, — o y s T
S/, 5 Y1, S0 WA

tRcsies) |<' — V‘Eﬂ

, - taam - >
w TN T
170 Yf:: ‘"G::—_mm,—_' VA‘LID_D:\'II':EZC(:L‘:‘—I'_’
WRITE CYCLE i
- — RPE—

[iﬁp—(zi <——tRCD(18) —»> tcjma)_ tRsH(S) > | — torpizo—

SR Y | ey o S N ey
QR TR B UMY,
= T
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WRITE CYCLE(OE CONTROLLED WRITE)

RAS

Ao-Ag

1/0

trcoy

tras(a trP(12) t )
vy —— | i
ik — ’ \
To— - tcsHue)
| | tRCD(E) —p | = tasHns | a—— torreo) —
\3: o thaois) \ ———t-teasiy) ———» / [
tasrz) | | tRAH2y) tascie tcames) traLen >
. | || —» -— | e—
o ADDRESS ADDRESS
<—lcwuss;—-..l
v +——tawLay ———»
w — LIz ) misme NI
toeH(s2)
] ) e
A W NI
T ":Sfi) <« 10HE7)—
V
V‘: \ VALID DATA IN A

READ-MODIFY-WRITE CYCLE

RAS

170

trwerz) >
tRe(12)
- tRAs(13) > >
Vi ey
H S trR(28) > ‘
Vi
tcrero) -« toswiey > tcRPio)
|<—-> «+——1Recons) n rey BV tRsH(s) > |<—>
VIiH —— - ' ﬂ"
cas(7) >
ViL—
tasmee) | J1RAHEZI  tasces) teanes)
j—| ]| —» -— |[w—»
ViH — ROW COLUMN
ViL ADDRESS ADDRESS
4
lpaL 27 bl
tawo(3) > o—lcwms»—:l
4 9
4% - tewoay »
tRwo(42) - TRWL(34) ———p
ViH a—twP(3) —p
Vip = -— g ————
] toeaw9)
VIH -
Vit ! — toeD(s0)
-
a—{CACE) -
toezs) 1osi3e) toman
- tRAC(S) —- - — >
VyoH—
VALID VALID
VoL — DATA OQUT DATA IN 'y
toLzie)
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FAST PAGE MODE READ CYCLE

treo2)
-—— tRASP(14) -
RAS Vin s A WaRze) ——
viL —— {6 ——
B L T——.
terPie0) tcpzn) <——-tRsmv5)—>l toRpiz0)
) || | #—trcone -~ -
CAS Vin —— tRaD(19) \4—‘0»\5(\7)—» “—‘CAS‘W’_'k ;
ViL tRAHEY) -
- tesHe) » - traL27) ~|
tasAi22) tasciea) tcar@s) tasciea) | | teanies) lAsc(zf) tcaH2s)
| —» -~ | | —p| | | t—p
- ViH ROW MN COLUMN COLUMN
Aohe v —— ADD E[%ﬁESS ADDRESS ADDRESS
T
1 tres trcs(es) tacH29)
tRCs(28) | I 02 | o] |y ! = » » I<—— - —»
W W T T
ViL = tRRH(30) |49
| - 1Aa7) — ——{taan — - tAAT) —p I
- ] - tcrag) ——-
loeaae) Icpa®) toEA@9) 2 . toeAw9)
oe g \— N il
ViL —— ¥ 44 '
teacie) torrio) teacie) toFr(10) teace)
- - - > - e toFFe0)
- tRACS! > toezen tcLze toezesn terze toezsn
v toLze fw - > - = el
170 OH — VALID . VALID VALID E_______.
VoL —— DATA OUT 4 DATA OUT DATA OUT
FAST PAGE MODE WRITE CYCLE
trPu2)
- tRasP(14 — |
— | —
RAS ViH N - tari2e) ———m » \
viL —— 4%
- teca) i >
terrizo) [ «——tRsH(s —p | | ICRPEO)
|| |w—trcoris) 1 <-lcPRy > <
Gas Yw— j a—teasin—w| S — <—teasin—m
v, — ¢
tcsHie) >
tran23) I
tasRr22) tascia tcaHEs) tasciea)| | tcares) tascea)
o~ Kz
ViL
tRaD(19) I twesieo) towas) —>I
-— ——towL3s) ——» twesio -t tewras)—  ——|
—#; - tawLEa)——
twesia0) tweran tweHa1) ‘ticm:m
e e s < -~
we = TN e TN e T
Vi —— 1y
- twer(az)
} toeHs2) X L-’l.toewsm P ! toer(s2)
oe \7/2l U
L
ViL — 1
- toHR(38) OED(50)
toss) toHa?) a—p| tosge)| | towen I‘Dme) toman
<> «——> < |t | |—>
Vi — VALD \ VALID e X7,
70 VL —— ///////// DATA IN DATAIN __N DATA IN ////// / /
. | ]
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S —

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

J—— Vih —— S‘ tRaAsP(14)
M —
- teshne)
- trRWCY( - tRSH(15) >
«—tRCD(18) -p| teen ~a— tcAP(20 —
CAS Vit tRao(19) \4———tc»xsn7)——> «—— tcaspy —» «——toasar)—w
viL —— -
tRAH(23) |
D% I >
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ViH CoL coL
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|
I a— towon—» tRwL(34)
t > tcpwo 1 [
RWD(42) - tcPwp ———p | towwas)
towws) towLias) J —»| |
«— towpan—p — 4— towpiat—»
—— ViH
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<—IAAu7n—’| twe 53 <p o tweas)
Pl
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> | —
— Vi — z‘-
Ok v — toeDs0) / toeD(s0
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<> >
toezss,
toezs  tan) toezisn tanny > )
1 - - >
tosi3e) >~ tos(e)
-« tRACS) -»> tosiae)| | towar, toHEn
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— >} |a— -
Viow ——
1/0 CutEN N IN 'L IN }______
VoL ——
teLze teuze toLze
— | | —| |- E——
RAS-ONLY REFRESH CYCLE
- trRom —
A RP(12) oo
J— Vin —— 5‘
RAS \~— trasia) »
viL ——
tcaeor tRPCa6)
- <y

— Vi ——
CAS
Vi ——
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> <—>|

Ao-A :': : ////I//I/‘ ADDRESS "Illlllllllllllllllllllllllllllllllm

NOTE : OF and WE ="H" or “L"
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)

e PEENETERY s ¥ Nan
== _f e ey
o~ ii%vs = e
= v
O 1111, =S

TEST MODE IN CYCLE

W T ) JA
7 S/
:_;

NOTE : OE and AgAg: “H” or "L"
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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TEST MODE

The HY514400A is a DRAM organized
1,048,576 words by 4 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in parallel
and retrieved the same way. Aqc is not used. If,
upon reading, the 8 bits are equal(all 1s or 0s),
the /O pin indicates 1. If they were not equal,
the 1/O pin indicates 0. The following figure
shows the block diagram of HY514400A. In Test
Mode, 1M X4 DRAM cab be tested as if it were
a 512KX8 DRAM.

BLOCK DIAGRAM IN TEST MODE

Normal
:
Test

;

/O 1 O

Test

Normal

Test

[

g

WE, CAS-Before-RAS Refresh Cycle puts the
device into Test Mode. And CAS-Before-RAS
Refresh Cycle or RAS-Only Refresh Cycle puts

" it back into Normal Mode. In Test Mode, WE,

CAS-Before-RAS Refresh Cycle performs the
refresh operation with the internal refresh
address couter. The Test Mode function
reduces test time to one-second in case of N test

pattern.

Voo

] Acc G Normal 7
Normal 0 512K block S4° 84~
V, Test
/O 3 a — G DD Test 110 3
H Vss
5 512K block [ __ o¥SQ
Test - = 0 ~od

Normal
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PACKAGE INFORMATION

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL

]
]
D)
]
—
]
1
8
8
j

UNIT © INGH(mm) VA%,
MIN

0.3380(8.5850)
0.3300(8.3820)

|
|
|
|
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!
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r
|
I
I
+
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0050088C
|~ T . s
g8 . ! v [ :
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"g 1\ I '
TR A — A
et 06760(17 2466) §§ [ 02mo(ese) ) KR
06710(17.0434) é 3 0.2600(6.6040) 3 %
1S3
5 i
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* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL

|

|
: ] [ UNIT : INCH(mm) MIN
! 32 §¢
e e ds
S AR 1
| 58 5%
!
L l
| 58 5
0020(0.508)

| 0050(1.270)
0042(1.067)

0.0083(0.210)
00047(0.120)

o 0014(0.356) _
0.050( 1.270)BSC I l’*‘

S FrTr ) W BASERLANE — '

PO
-

i —'l
8’: 0678(17247) 1 1 seama PLane J 1. oceatasasy it
§§ 0671(17.043) 8 3 0017(0432) o®
= 58
23 £s
S 83
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* 20 PIN ZIGZAG-IN-LINE PACKAGE—400MIL

T

-« 0.120(3.0480)

0.112(2.8448)

(T}
3R I g e
o a3
g3 [TTTE 48 28
So | 0% g
| 11888 &%
v S 55 38

b ‘ 1 3o
) Y
3 |
gl v
g5 | ol
og N-—0012(0.3048)
So 0009(0.2286)
— ~—0.100(2,5400) 8SC

—»| |« 0024(0.6096) 0050(1.2700)—> <
0.016(0.4064)' (12700 I
' 1.036(26.3144)
1.024(26.0096)
’ | 19
!
I
2 i 20
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PRELIMINARY

DESCRIPTION

The HYS14400AL is a high speed, low power
1,048,576 words by 4 bits CMOS dynamic
random access memory, fabricated with the
HYUNDAI CMOS process. The HY514400AL
offers a fast page mode operation, wide operating
margins, and inherently high CMOS reliability.

All inputs and outputs are TTL compatible.
Multiplexed address inputs permit the
HY514400AL to be packaged in a standard
20/26 pin SOJ, TSOP, and 20 pin ZIP.

HY514400AL design is optimized for cache
based mainframe, and microcomputers,
graphics digital signal processing, and high
performance microprocessor systems.

BLOCK DIAGRAM
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7
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A o=l | r
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EDECOD ROW MEMORY
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SUBSTRATE
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M1J1 2oo MAR2

FEATURES

* Low power dissipation
- Operating Current, 80ns  : 90mA(max.)
-TTL Standby Current : 2mA(max.)
-CMOS Standby Current : 200pA(max.)
- Battery Back Up Current : 300pA(max.)

¢ Read-Modify-Write Capability

* RAS-only, Hidden, CAS-Before-RAS Refresh
Capability

¢ Common I/O Capability

* Fast Page mode and Test mode Capability

* Single 5V+ 10% power supply

* 1024 refresh cycles/128 ms

* High reliability 300 mil 20/26 pin SOJ, TSOP
and 400mil 20 pin ZIP

¢ Fast access time and cycle time(ns)

Max RAS Access
60 70 . 80
Time, tRAC
Max CAS Access
20 20 25
Time, tcac
Min Fast Page Mode
40 45 55
Cycle Time, tpc
Min Cycle Time, trc 120 130 150
PIN CONNECTIONS
b Vss
’] O3
Q VO
CAS
h 68
L re
DA7
NAg
PAs
PAs
SOJ
PIN NAMES

RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE
AxAg ADDRESS INPUT
/Op/O3 | DATA INPUT/OUTPUT
Vop POWER(+5V)
Vsg GROUND




HYS514400AL 1,048,576 X4-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

2

Ta Ambient Temperature 0to 70 T
TstG Storage Temperature - —55 to 150 ko
Vin, Vour Voltage on Any Pin Relative to Vsg - —-1.0t0 7.0 A%
A% Voltage on Vpp Relative to Vss . —10t0 7.0 v
Ios Short Circuit Output Current 50 mA
TsoLDER Soldering Temperature Time 260, 10 T, sec
Pr Power Dissipation 770 mW
NOTE: Operation at or above Absolute N Ratings can adversely affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°C to 70°C)

Vobp Supply Voltage 4.5 5.0 55 v
Viu Input High Voltage 24 - Vpp+1 A%
ViL Input Low Voltage -1.0 C - 0.8 \"%

NOTE : All voltages are reference to Vgs.

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

OV<Ving6.5V, All other
| Iu| | Input Leakage Current(any input pin) == - 10 vA
pin not under test=Vsg
o | Output Leakage Current for Dour is disable, 10
w High Impedance State | OV<Vourgs.5V
— e —60 - 110
. RAS, CAS, Address
Ipp; Vpp Supply Current, Operating i 3 -70 - 100 mA 1,24
: cycling, trc=trc(min.)
—80 - 90
Iopz | Vop Supply Current, TTL Standby | RAS=CAS=Viy - 2 mA
Vpp Supply Current, : RAS cycling, CAS=V, i W 110
U, urren cycl =
Ipp3 _—DD g . young, o -70 - 100 mA 1,4
RAS-only Refresh tre =trc(min.)
—80 - 9%
Vpp Supply Current, RAS=Vy, Add L 70
U, urren = ress
Tons pp Supply > 1L, ) —-70 - 60 mA | 1,24
Fast page mode cycling, tpc=tpc(min.)
—80 - 50
Vpp Supply Current, —— —
I RAS=CAS=Vpp—0.2V - 200
P> | cMOS Standby PP hA
Vo Supply C RAS, CAS cycling L A
U, urren 3 cycl
Iops | DD DUpPY Crrent Y ~70 100 | mA | 1,4
| CAS-Before-RAS Refresh tre=trc(min.)
—80 - 90
CAS=CBR cycling or 02V,
OE=WE=Vpp—0.2V,
Add=Vpp—02V or 0.2V,
Vbp Supply Current, 1/O=Vpp—02V or 02V or open, - 300 pA 1
Ipp7 Battery Back up- trc=125ps, tras=tras(min.)
~300ns
Same as above
- 400 LA 1,5
except tras=300ns~ 1ps
VoL Output Low Voltage IoL=4.2mA - 04 \%
Vou Output High Voltage Iop=—5mA 24 - v
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HY514400AL 1,048,576 X4-Bit CMOS DRAM
S R R

AC CHARACTERISTICS
(Ta=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES : 3,4, 5, 6

1| trc Random Read or Write Cycle Time 120 - 130 - 150 - ns
2| trwc | Read-Modify-Write Cycle Time 175 - 185 - 210 - ns
3| tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns
4 | tprwc | Fast Page Mode RMW Cycle Time 95 - 100 - 115 - ns
51 trac Access Time from RAS - 60 - 70 - 80 ns 8,13
6| tcac | Access Time From CAS - 20 | - 20 | - 25 | ns | 813
7| taa Access Time from Column Address - 30 - 35 - 40 ns 813
8| tcpa Access Time from CAS Precharge - 35 - 40 - 50 ns 8
9| tcrz CAS to Output in Low-Z 0 - 0 - 0 - ns 8
10 | topr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9
11| tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 7
12| trp RAS Precharge Time 50 - 50 - 60 - ns
13| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 80 | 10K | mns
14 | trasp | RAS Pulse Width(Fast Page Mode) 60 | 200K 70 | 200K 80 | 200K ns
15| trsu | RAS Hold Time 20 | - 20 | - 25 - ns
16| tcsu | CAS Hold Time 60 | — 70 | - 80 - ns
17| tcas CAS Pulse Width 20 | 10K 20 | 10K 25 10K ns
18| trep | RAS to CAS Delay Time 20 40 20 55 20 55 ns 13
19| trap RAS to Column Address Delay Time 15 30 15 35 15 40 ns 14
20| tcge | CAS to RAS Precharge Time 5 - 5 - 5 - ns
21| tcp CAS Precharge Time 10 | - 10| - 10 - ns
22| tasr Row Address Set-up Time 0 - ] - 0 - ns
23| trAH Row Address Hold Time 10 - 10 - 10 - ns
24| tasc Column Address Set-up Time 0 - 0 - 0 - ns —
251 tcau Column Address Hold Time : 15 - 15 - 15 - ns
26| tar Column Address Hold Time referenced to RAS | 50 - 55 - 60 - ns
27| traL | Column Address to RAS Lead Time 30 | - 3 | - 40 - ns
28 | tres Read Command Set-up Time 0 - 0 - 0 - ns
29| trcu Read Command Hold Time 0 - 0 - 0 - ns 10
30| trrH Read Command Hold Time referenced to RAS 0 = 0 - 0 - ns 10
31! twen | Write Command Hold Time 15 - 15 = 15 - ns
32| twcr (Write Command Hold Time referenced to RAS| 50 - 55 - 60 - ns
331 twp Write Command Pulse Width 15 - 15 - 15 - ns
34| tgwL | Write Command to RAS Lead Time 20 - 20 - 25 - ns
35| tcwr | Write Command to CAS Lead Time 20 - 20 - 25 - ns
36 | tps Data Set-up Time - 0 - 0 - 0 - ns 11
37| tpu Data Hold Time 15 - 15 - 15 - ns 1
38| tpyr | Data Hold Time referenced to RAS 50 - 55 - 60 - ns
39 | trer Refresh Period - 128 - 128 - 128 ms
40 | twcs ‘Write Command Set-up Time 0 - 0 - 0 - ns 12
41| tcwp | CAS to WE Delay Time 50 | - 5 | - 55 - ns 12
42| tgwp | RAS to WE Delay Time 90 - 100 - 110 - ns 12
43 | tawp | Column Address to WE Delay Time 60 - 65 - 70 - ns 12
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tcsr

CAS Set-up Time(CAS Before RAS Cycle)

10 - 10 - - ns
45| tour | CAS Hold Time(CAS Before RAS Cycle) 15| - 20 | - 30 - ns
46 | trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
47| tcpr  |CAS Precharge Time(CBR Counter Test Cycle)| 30 - 35 - 40 - ns
48| tron |RAS Hold Time referenced to OE 10 - 10 - 10 - ns
49| toea OFE Access Time - 20 - 20 - 20 ns
50| torp | OE.-to Data Delay 20 - 20 - 20 - ns
51| torz Output Buffer Turn-off Delay Time from OE 0 20 0 20 0 20 ns
52| toeu OE Command Hold Time 20 - 20 - 20 - ns
53| twrs | Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
54| twry | Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns
55| twrp | WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns
56| twan | WE to RAS Hold Time(CBR Cycle) 0| - 10| - 10| - | ns

AC CHARACTERISTICS IN THE TEST

MODE Note : 15

# |symBoL

57| trc

58 | trwc | Read-Modify-Write Cycle Time 180 . 190 - 215 - ns

59| tec Fast Page Mode Cycle Time 45 - 50 - 60 - ns

60 | tprwc | Fast Page Mode RMW Cycle Time 100 - 105 - 120 - ns

61 | trac Access Time from RAS — 65 - 75 - 85 ns 8, 13
62| tcac | Access Time from CAS - 25 | - 25 | - 30 | ns | 813
63| taa Access Time from Column Address - 35 - 40 - 45 ns 8, 13
64| tcpa Access Time from CAS Precharge - 40 - 45 - 55 ns 8
65 | tras RAS Pulse Width 65 10K 75 10K 85 10K ns

66| trasp | RAS Pulse Width(Fast Page Mode) 65 | 200K 75 | 200K 85 | 200K ns

67 | trsy | RAS Hold Time 25 - 25 - 30 - ns

68| tcsu | CAS Hold Time 65 - 75 - 85 - ns

69 [ tcas CAS Pulse Width 25 10K 25 10K 30 10K ns

70 | traL Column Address to RAS Lead Time 35 - 40 - 45 - ns

71| tcwp CAS to WE Delay Time 55 - 55 - 60 - ns 12
72| trwp | RAS to WE Delay Time v 95 - 105 - 115 - ns 12
73| tawp | Column Address to WE Delay Time 65 - 70 - 75 - ns 12
74| toga | OE Access Time - 25 - 25 - 25 ns

75| toep | OFE to Data Delay 25 - 25 - 25 - ns

76 | toen | OE Command Hold Time 25 - 25 - 25 - ns
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NOTES :

1. Iccis Iccs, Iccas Icce I depend on cycle rate.

2. Icc1, Icca depend on output loading. Specified values are obtained with the output open.

3. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 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.
4. It depends on user wheth 1 address is changed or not at least once while RAS=V[ and CAS=V[y.

5. Only trag(max.)=1ps is applied to refresh of battery back up but tgag(max.)=10ys is applied to normal functional operating.

6. AC measurements assume t7=>5ns.

7. Vi(min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyy and vy,
8. Measured with a load equivalent to 2 TTL loads and 100pF.

9. topr(max.) and togz define the time at which the output achieves the open circuit condition and are not refe d to output voltage levels.

10. Either trcy or tRrRy must be satisfied for a read cycle.

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

12. twCs, tRWD» tCcwD and tawD are not restrictive operating p s. They are included in the data sheet as electrical characteristic only. If twcs > twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If twp > t(Rwp(min.), tcwp > tcwp(min.)
and tawD > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

13. Operation within the tgcp(max.) limit insures that tg Ac(max.) can be met. trcp(max.) is specified as a reference pointonly : If trcp is greater than the specified
trcp(max.) limit, then access time is controlled by tcac. ’

14, Operation within the tg Ap(max.) limit insures that tg Ac(max.) can be met. tp Ap(max.) is specified as a reference point only : If tRaop is greater than the specified
tRAD(max.) limit, then access time is controlled by taa.

15. These specifications are applied to the test mode.

CAPACITANCE
. (Ta=0°C to 70°C, Vop=5V+ 10%, f=1MHz)

Input Capacitance(Ag-Ag, Data In)

Input Capacitance(RAS, CAS, WE, OE) - 7 pF
Output Capacitance(Data Out) - 7 pF
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TIMING DIAGRAM
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WRITE CYCLE(OE CONTROLLED WRITE)
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FAST PAGE MODE READ CYCLE
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[ e e e e

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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CAS-BEFORE-RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (WRITE)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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tawbiag—————n|
[“ > twar(se) treses) -« trRwLEa ~>
<> towoier) > | twes
WE ViH / teace) \“
Vip — <+ p|
|<——-tAAm—>
_ Vy — toeaws)
OE \- - / toenso)
ViL ™ } -
tcace) toezsnlt t
toze [ OEZ(51)| [DS(36) DH(37)
—> | -~
%) Vivor—— AL VALID
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HY514400AL 1,048,576 X4-Bit CMOS DRAM

TEST MODE

The HY514400AL is a DRAM organized
1,048,576 words by 4 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in parallel

and retrieved the same way. Agc is not used. If, -

upon reading, the 8 bits are equal(all Os or 1s),
the 1/O pin indicates 1. If they were not equal,
the I/O pin indicates 0. The following figure
shows the block diagram of HY514400AL. In
Test Mode, 1IM X4 DRAM can be tested as if
it were a 512KX8 DRAM.

BLOCK DIAGRAM IN TEST MODE

WE, CAS-Before-RAS Refresh Cycle puts
the device into Test Mode. And CAS-Before-
RAS Refresh Cycle or RAS-Only Refresh
Cycle puts it back into Normal Mode. In Test
Mode, WE, CAS-Before-RAS Refresh Cycle
performs the refresh operation with the internal
refresh address couter. The Test Mode function
reduces test time to one-second in case of N test
pattern.

512K block

512K biock
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HYS514400AL 1,048,576 X 4-Bit CMOS DRAM

PACKAGE INFORMATION

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL

I

, MAX
| f T ) UNIT : INCH(mm) v
: 58 88
| £383
[ G —— . SRR
i TR
! o C Co
2 ' L]
|8 8 0 I U N 0 I LR N 0 O A
00200(0.5080)
1" 00160(0.4064)
0.050085C
- 00320(0:8128)
—~ l ™ (1:2700) | - 0.0260(0.6(150‘0)
il . L
56U § §8 T/
t 06790(17.2466) 83 o 02740(6.9596) __ /\L
06710(170434Y | 5 0.2600(6:6040) 8%
LE 3
a g
3o

* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL

MAX
UNIT ¢ INCH(mm) —
( ) MiN

|

0370(9.398) .

0.362(9.195)

0.304(7.722)
0.296(7.518) —*

| ——

l

|

0020(0.508)
— 0014(0.356)
0.050(1.270)BSC

0.050(1.270}
0.042(1.067)

—.’ ’.;

-

4
T, s I\
1 SEATING PLANE

::/ J ( 0.0083(0.210)
00047(0.120)

J L 0.023(0.584)
0017(0.432)

0.679(17.247)
0.671(17.043)

od
Q

0.050(1.270)

0042(1067) ™|
0.006(0.152)
0.000(0.000)
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HY514400AL 1,048,576 X4-Bit CMOS DRAM

* 20"PIN ZIGZAG-IN-LINE PACKAGE-400 MIL

—_ |« 0.120(3.0480)

0.112(2.8448)
. (]!
! §€ g
- 25 Ll 18.2
. [ e 33 + A
| | 17588 =
© | | |53 22
i l | 355 g9
T * " 1 L So
H R
! ]
i i ! g2l
! =T —
—»| |« 0024(0.6096) .050(1.2700) =+ = -—.l.— ,012(0:
0016(04064) ! © |1 §§ Iil gg(;ggg%g
. — }=—0.100(25400) BSC
- 1.036(26.3144)
1.024(26.0096) .
1 o 19
]
2 J 20
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DESCRIPTION

The HY514410A is a high speed and new
generation 1,048,576 words by 4 bits CMOS
dynamic random access memory, fabricated
with the HYUNDAI CMOS process. The
HY514410A offers a fast page mode operation,
write per bit function, wide operating margins,
and inherently high CMOS reliability.

All inputs and outputs are TTL compatible.
Multtiplexed address inputs permit the HY514410A
to be packaged in a standard 20/26 pin SOJ,
TSOP, and 20 pin ZIP.

HY514410A design is optimized for cache
based mainframe, and microcomputers,
graphics digital signal processing, and high
performance microprocessor systems.

BLOCK DIAGRAM

a
/Og V01 1Oz KO3

R R D

DATA IN
BUFFER

DATA OUT
BUFFER j ~00E

A
I ¢ [

COLUMN

CLOCK
GENERATOR

——

COLUMN

.

vep
GENERATOR

PREDECODER
(10)

COLUMN

DECODER
REFRESH |~
CONTROLLER | |

REFRESH [
COUNTER

o w

ADDRESS BUFFERS (10)

RO

ROW ‘
|+ PREDECOL ROW
(10) 10 oecoper

MEMORY
ARRAY

=

RAS CLOCK
RAS 0 GENERATOR

SUBSTRATE
BIAS
GENERATOR

x8
PARALLEL
TEST

PRELIMINARY

1 K1200A-MAR92

FEATURES
* Low power dissipation

- Operating Current, 80ns : 90mA(max.)
-TTL Standby Current : 2mA(max.)
- CMOS Standby Current: 1mA(max.)

¢ Read-Modify-Write Capability
. RTSfonly, Hidden, CAS-Before-RAS Refresh

Capability

¢ Common [/O Capability

* Fast Page mode and Test mode Capability
¢ Write per Bit mode Capability

¢ Single 5V+ 10% power supply

* 1024 refresh cycles/16 ms

* High reliability 300 mil 20/26 pin SOJ, TSOP
and 400mil 20 pin ZIP
* Fast access time and cycle time(ns)

Access

ax

Time, trac

Max CAS Access

Time, tcac

20 20 25

Min Fast Page Mode

Cycle Time, tpc

120 130

Min Cycle Time, trc

PIN CONNECTIONS

RS d

Ag

Ay

As

As

Ag

TSOP

OE[1 IZ CAS
PIN NAMES w2 LI vo,
ss [5] G vo,
[ RAS | ROW ADDRESS STROBE vor[7] =] W
A | coLumn AooRess sRoBe| P28 L) [ a
ﬁ WRITE ENABLE :‘; ___:__—;—Ij Gzl A
OF OUTPUT ENABLE Voo [15] 03] As
AgAg | ADDRESS INPUT As E[E Ay
/OgOg | DATA INPUT/OUTPUT Ay [} 22 %
Vop POWER( +5V) @: Ag

Vss | GROUND “ZiP
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HY514410A 1,048,576 X4-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature C
Tsto Storage Temperature —55 to 150 c
Vine Vourt Voltage on Any Pin Relative to Vss —1.0t0 7.0 v
Vbp Voltage on Vpp Relative to Vsg —-1.0to 7.0 \'
Ios Short Circuit Output Current 50 mA
TSOLDER Soldering Temperature, Time 260, 10 T, sec
Pr Power Dissipation 770 mWwW
NOTE : Op at or above Absolute Maximum Ratings can adversely affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°C to 70°C)

Supply Voltage

Vbp
Viu Input High Voltage 24 Vpp+1 A\
Vi Input Low Voltage -1.0 0.8 v

NOTE : All voltages

are reference to Vgg.

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

OV<Vin <65V, All other
[ Iy | Input Leakage Current(any input pin) . <V - 10
pin not under test=Vgs
o | Output Leakage Current for Dour is disable, 10
Lo High Impedance State 0V<Vour<5.5V
——— —-60 - 110
RAS, CAS, Address
Ippi Vpp Supply Current, Operating . . -70 - 100 1,24
cycling, trc=trc(min.)
—80 - 90
Ipp2 Vpp Supply Current, TTL Standby RAS=CAS=Viu - 2
S — —60 - 110
. Vpp Supply Current, RAS cycling, CAS=Viy,
Ipps . . . -70 - 100 1, 4
RAS-only Refresh tre=trc(min.)
—80 - 90
= —-60 - 70
Vpp Supply Current, RAS=V|., Address
oot Fast od ling, tpc=tpc(min.) -7 — 80 24
ast page mode cycling, tpc=tpc(min.
pag ycling, tpc 80 — 50
Vpp Supply Current, I —
IoDs P SUPPYY RAS=CAS=Vpp—02V - 1| ma
CMOS Standby
Vbp Supply C RAS, CAS cycli —0 ) - [ o
Ibpe 2 upply Current, ) cycling 70 - 100 L4
CAS-Before-RAS Refresh tre=trc(min.)
—80 - 90
VoL Output Low Voltage IoL=4.2mA - 04
Vou Output High Voltage Ion=—5mA . 24 -
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HY514410A 1,048,576 X4-Bit CMOS DRAM
L EE——,—,—,

AC CHARACTERISTICS
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES:3, 4, 5

1| trc Random Read or Write Cycle Time 120 - 130 - 150 - ns
2| trwc Read-Modify-Write Cycle Time 175 - 185 - 210 — ns
3| tec Fast Page Mode Cycle Time 40 - 45 - 55 - ns
4 | tprwc | Fast Page Mode RMW Cycle Time 95 - 100 - 115 - ns
5| trac | Access Time from RAS - 60 - 70 - 80 ns 7,12
6| tcac Access Time From CAS - 20 - 20 - 25 ns 7,12
7| taa Access Time from Column Address - 30 - 35 - 40 ns 7,12
8| tcpa | Access Time from CAS Precharge - 35 - 40 - 50 ns 7
9! tcrz CAS to Output in Low-Z 0 - 0 - 0 - ns 7
10 | torr Output Buffer Turn-off Delay 0 20 0 | 20 0 20 ns 8
1| tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 6
12| trp RAS Precharge Time 50 - 50 - 60 - ns
13| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 80 | 10K | ns
14| trasp | RAS Pulse Width(Fast Page Mode) 60 | 200K [ 70 | 200K 80 | 200K | ns
15| trsy | RAS Hold Time 20 - 20 - 25 - ns
16| tcsu | CAS Hold Time 60 | - 0 | - 80 | - ns
17| tcas CAS Pulse Width 20 10K 20 10K 25 10K ns
18| trep | RAS to CAS Delay Time 20 40 20 50 20 55 | ns 12
19 | traDp RAS to Column Address Delay Time 15 30 15 35 15 40 ns 13
20 | tcrp CAS to RAS Precharge Time 5 - 5 - 5 - ns
21| tcp | CAS Precharge Time 10| - 0| - 0| - ns
22| tasr Row Address Set-up Time 0 - 0 - 0 - ns
23| traH Row Address Hold Time 10 - 10 - 10 - ns
24| tasc Column Address Set-up Time 0 - 0 - 0 - ns
25| tcan Column Address Hold Time 15 - 15 — 15 - ns
26| tar Column Address Hold Time referenced to RAS| 50, - 55 - 60 - ns
27 | traL Column Address to RAS Lead Time 30 - 35 - 40 - ns
28 | trcs Read Command Set-up Time 0 - 0 - 0 - ns
29| trcH Read Command Hold Time 0 - 0 - 0 - ns
30| tgry |Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns
31| twca | Write Command Hold Time 15 - 15 - 15 - ns
32| twcr [Write Command Hold Time referenced to RAS| 50 - 55 - 60 - ns
33| twp Write Command Pulse Width 15 - 15 - 15 - ns
34| tgws | Write Command to RAS Lead Time 20| - 20 | - 5| - ns
35| tcwL Write Command to CAS Lead Time 20 - 20 - 25 - ns
36| tps Data Set-up Time 0 i 0 - 0 - ns 10
37| tpu Data Hold Time 15 - 15 - 15 - ns 10
38| tpur Data Hold Time referenced to RAS 50 - 55 - 60 - ns
39| trer | Refresh Period - 6 | - 16 - 16 | ms
40 | twcs Write Command Set-up Time 0 - 0 - 0 - ns 11
41| tcwp | CAS to WE Delay Time . 50 | - 50 | - 55 | - ns 1
42| tawp | RAS to WE Delay Time 9 | - 100 - | ww | - | ns 1
43| tawp | Column Address to WE Delay Time 60 | - 65 | - 70| -~ ns 1
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HY514410A 1,048,576 X 4-Bit CMOS DRAM
R

44 | tcsy CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 0 | . - ns
46 | trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
47 | . tcpr CAS Precharge Time(CBR Counter Test Cycle) 30 - 35 - 40 —. ns
48| tron | RAS Hold Time referenced to OE 10 - 10 | - 10 -~ ns
49| toea |OE Access Time - 20 - 20 - 20 ns
50 | toep |OE to Data Delay 20 - 20 — 20 - ns
51| toez |Output Buffer Turn-off Delay Time from OE 0 20 0 20 0 20 ns
52| toeu ﬁ Command Hold Time 20 - 20 - 20 - ns
53| twrs Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
‘54| twrn | Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns
55| twre | WE to RAS Precharge Time (CBR Cycle ) | 10 -1 10 - 10 - ns
56 | twrn | WE to RAS Hold Time( CBR Cycle ) 10 - 10 - 10 - ns

AC CHARACTERISTICS IN THE TEST MODE Note: 14
B t G o S T T

57| trc Random Read or Write Cycle Time 125 - 135 - 155 - ns

58 | trwc Read-Modify-Write Cycle Time 180 - 190 - 215 - ns

59| tpc Fast Page Mode Cycle Time 45 - 50 - 60 | - ns

60 | tprwc | Fast Page Mode RMW Cycle Time 100 - 105 - 120 - ns

61| trac | Access Time from RAS - 65 | — 75| - 8 | ns | 7,12
62 | tcac Access Time from CAS - 25 - 25 - 30 ns 7, 12
63| taa Access Time from Column Address - 35 - 40 - 45 ns 7,12
64| tcpa Access Time from CAS Precharge - 40 - 445 | - 55 ns 7
65 | tras RAS Pulse Width 65 10K 75 10K 85 10K ‘| ns

66 | trasp RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 85 200K ns

67| trsy | RAS Hold Time ' 25 | - 25 | - 30 | - ns

68| tcsy | CAS Hold Time ] - 65 - 75 - 85 - ns

69 | tcas CAS Pulse Width 25 10K 25 10K 30 10K ns

70 | traL Column Address to RAS Lead Time 35 - 40 - 45 - ns

71| tcwp | CAS to WE Delay Time 55 - 55 - 60 - ns 11
72| trwp | RAS to WE Delay Time - 95 - 105 - 115 - ns 11
73| tawp | Column Address to WE Delay Time 65 - 70 - 75 = | nms 11
74 | toga OE Access Time . - 25 - 25 - 25 ns

75| toep | OE to Data Delay . | 25 - 25 | - 25 - ns

76| toen | OE Command Hold Time 25 | - 25 | - 25 - ns
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HY514410A 1,048,576 X4-Bit CMOS DRAM-
[ R e R S e

AC CHARACTERISTICS IN THE WRITE PER BIT MODE

77 | twss Write Per Bit Set-Up Time 0 — 0 — 0 — ns
78 | twsH Write Per Bit Hold Time 10 - 10 —_ 10 —_ ns
79 | twps Write Per Bit Selection Set-Up Time 0 - 0 - 0 — ns
80 | twpu | Write Per Bit Selection Hold Time 10 - 10 - 10 - ns
NOTES : ‘ .

L. Iccts Iccea fecss Iccss Icc7 depend on cycle rate.

2. Icc1» Icc4 depend on output loading. Specified values are obtained with the output open.

3. An initial pause of;ZiOps is req&ed after power-up followed by Sﬁs_cycles 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.

4. It depends on user whether column address is changed or not at least once while RAS=Vy; and CAS=Vi.

5. AC measurements assume tr=5ns.

6. Vig(min.) and VI[_(rhax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Viy and Vy.

7. Measured with a load equivalent to 2 TTL loads and 100pF.

8. toFr(max.) and togz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.

9. Either tRCH or tRrH must be satisfied for a read cycle.

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

11. twcs, t(RWD» tCWD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs >twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If trwp > trwp(min.), tcwp > tecwp(min.)
and tAwp > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

12. Operation within the tgcp(max.) limit insures that troc(max.) can be met. trcp(max.) is specified as a reference pointonly : If tycp is greater than the specxﬁed
trcp(max.) limit, then access time is controlled by tcac-

13. Operation within the tgAp(max.) limit insures that tgoc(max.) can be met. trap(max.) is specified as a reference point only : If trAp is greater than the specified
tRaD(max.) limit, then access time is controlled by taa.

14. These specifications are applied to the test mode.

CAPACITANCE
(TA=0°C to 70°C, Vop=5V=+ 10%, f=1MHz)

SYMBOL . . El : - :
Cing Input Capacitance(A-Ag, Data In) - 5 pF
Cinz Input Capacitance(RAS, CAS, WE, OE) - 7 pF
Cout Output Capacitance(Data Out) — 7 pF
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HY514410A 1,048,576 X4-Bit CMOS' DRAM

TIMING DIAGRAM

READ CYCLE .
v tras(13) tRP(2)
H
RAS tan(ze)
RAS -
‘ - tesuare
| RP(20) thco(is) tasH(1s) terp(20)
== Vu — teas(im 3
CAS v / tRaD(19)
(A
tRaL(sr)
tasc by
tasn(22) | | tmavces) tear(as)
VH — e
ROW COLUMN
hoko ADDRESS, ADDRESS / 7 / &(
. tror(29) :
tacs(28) tRrH(30) -
_ Vi — -
WE-WE Vi — troH(48) /// //// / f
taan)
— V. — > > S o S S e e o 2v eer W tOEA(49),, . ﬁ, R A A 77 77 7 W
k. _ L 4\ AN IR,
torrc10)
trac(s) feacte) toEZ(51) |
Von — ¥,
W/10 OPEN )¢ VALID DATA-OUT
VoL — torze)
WRITE CYCLE (EARLY WRITE)
tac()
tap(12) ‘
__ Yy — trAS(13) 1
RAS Vi — taR(26) \
tesHiie)
tcRP(20) trcD(18) tRsH(15) |
N Vi —
ChS IH tcas(im J
W= teH(zs) tRaL(27)
tASFEZ_Z)’ tasc(o4) <tCAH
v (25)
. H = I ROW - COLUMN
Ao | ADDRESS | ADDRESS AN L Y,
tRaD(19) o
twas(77) twaH W)
Vi - S nrwa ¥ <twehea) >
WB. WE - i 4 twe(as)—
e _ L
: - Twc;;(sz) . trwi(aa)
_ Vi — -
& L WA,
Vi
twos(79) | | lorAcas) | )
y twoH(go) ts(36) «————toH(arn) .
I - 5
- MASK
wo v~ X e Yo X777 7
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HY514410A 1,048,576 X 4-Bit CMOS DRAM'

WRITE CYCLE (OE CONTROLLED WRITE)

tro(1)
v tras(13) trp(12)
o — J—
RAS tarcoe) \
Vi —
, teshaie)
C|F‘F'(2°> trep(18) tRsH(15) I tcrp(20)
—_ Vi — }
CAS ] —teas(17) — /F
Ve —
tram(23)
- traL(27)
t
ASR(22) tascioa) tear(zs)
-
V —_ -
AcAy M g ROW COLUMN >
Vi — ADDRE: ADDRESS
tRAD(19) tewt(as)
‘_—.—" el
twescr7) | | twencze) tawi(3a)
V - -
I — 2 !
WB, WE ._tw,,m)_.W /
Vi — = I
toen(s2)
—
—_ Vi — I
OE / j /
Vi —
toencso)
-+
t tos(as toran)
twps(re) WDH(80) @) 2
ViH —
wrio VALID DATAIN
Vi — l
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READ-MODIFY-WRITE CYCLE

RAS

|
=

Q
m

W/I0
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[ |
toasin ﬁ—
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o |
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ADDRESS "/
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HY514410A 1,048,576 X4-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE

. Vin
RAS
Vie
—_— Vin
CAS
Vi
Vin
AcAg -
Vie
— — Vi
WB. WE
ViL
7
OE
S
wio  Vor
Vou

FAST PAGE

. Vin
R
AS Vi

J— ViH
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Vi

Vin
Ag-Ag

\
— —_Vn
WB. WE

Vi
—_ ViH
OE

ViL

Vin
wW/0

Vie
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— 4| trasp(14) >
_ |~ tarc2e) —— . | \
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— f teas(i7) . leastn H/—\[ toasi)
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— ADD ADDRESS L _ADDRESS ADDRESS
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R

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

V|H— )
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RAS ONLY REFRESH CYCLE

tro(n
v — ey ———»
o . ——
AR taas(13)
Vi —
tcre(20)
—
— Vi —
CAS
tasacz2) | | tRances
- -

VH —

Ao 7 ADDAESS 7 774

NOTE : WB/WE, OE : “"H” or “L"

CAS-BEFORE-RAS REFRESH CYCLE

tre(n)

v «—tRP(12) — e tRP(12) e

H — +—-—1

RAS tRas(12) | \
Ve —

1

tesras) .
o Vih — -— tcHreas)
CAS / 1\ I : J// /
Vie -

twrecss)| | twhri(ss)

- -
Vi —
" - ) \A 7 o o
torr(10)
w Vor — <_:
10 ) OPEN
VoL — .

NOTE : OF Ag~Ag : “H" or "L"
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HIDDEN REFRESH CYCLE(READ)

tac(1) thc(r)
4
v tRAS(13), - tFiP(12) - ﬂ»
H — —————
[ 5 = t -
RAS v . tAR(26) RAS(13)
(- A \
terp(20) trep(1s) terp(20)
= Vi l |~ o — toHReas)
CAS j tRab(19)
tasc(2a) f
— R ad
tasr(22) tRaH(23) Al tcan(zs)
Vi —
X "ROW T COLUMN
Aobe Vi — ADD ADDRESS / / / //)(
| v
tRaL(er) '
trcsces) tRAH(30) twre(ss) twRH(s6)
4——»' " -
— eV —
WB. WE b
Vo — / /dT /// /// // /;
taacr)
58 Vi — toeatae) s
Ve — Ly X L
teaces) torr(10)
toizee toez(s1)
Vom — thac(s) )
wno VALID DATA-QUT
VoL — 3
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HIDDEN REFRESH CYCLE(WRITE)

s
\
s W
ViL
Vin
Ao-Ag
Vi
- . Vm
WB. WE
v Vi
_ Vin
OE
Vi
Vin
w/10
Vi

trc(1) tac(1)
tras(13) tre(12) trRP(12)
- -] tarcee) tras(13) j—-ﬂ\
a ]
torp(20) tacots) terp20)
|o—=]| | +——|+—thsrr9—~ l
- _/' tRAD(19) ”& '—tCHR“s)_'j}T
— - 3 N
1
tascioa)
—_— || -—
tasr(22) trar(23) toan(2s)
— |-
- ROW [ COLUMN &(
— ADD | ADDRESS
st lWE'Hm)iwcsmo twonat
— -
- z) twe(az) s // /
: ’ tawL(34)
twen(az)
— ~ / // /
_ 7
twos(79) | [twoHE tpg(asy | tomean
-— 4—>|
_ @ VALID DATA-IN /
MASK DATA-IN | toHR(38)
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

— tRp(12) —

BAS \\/’:: : - tras(13)
tos i trsH(15) |

s Vin — —-\lH — b 45>,_.J}_-3 teason - g /_

Vi — ¥ 1

tasc(za) | teanices) o] traL(2n) l ’ l

VH — p

oo L SRS Gt A
l tRRH(30)
READ CYCLE taar) T
twre(ss) | | twrrcse) tRcs(28)

y Je— «l | |—tcace) — | trcH(29)
e — VIH —
ww" -7 || G2} Nz

) troH(48)
5 VH — toeaca9)

W — L0 N it

. torr1o)
oz toez(s1)

wio oM OPEN VALID DATA-OUT )

VoL —
WRITE CYCLE ||, L)

towL(as)

I

— __Vn - “l
WEWE Zi N N | | ——twonay —|f
— VH — » ’
B i A,
tbs(se) I N
- «— IDH(37) ——»

Vi — 3
W/10 VALID DATA-IN h

Vi —
READ-MODIFY-WRITE CYCLE tawbias) towecss)

twip(ss) tW?H(SG) ey towo(an trwL(aa)
P iy Pl — —tawia —

— iy —-
7 7 e s

L — Bl

I ta |

V _ -— l
OE H / / / )‘OEA(«)) ,

v, — L \—— toeo(so)

loac) ‘ 'oezaln)
Vou — [ 4
OPEN oiz(9) .
VoL — . =
1 4

w0 VALID DATA-OUT |59

Vin — VALD -

_ OPEN | DATAIN
ViL
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TEST MODE IN CYCLE

RAS

W/I0

1.
re(s7)

—trp(12) ——

tepcan

-~

-— tFiAS(GS)

tcsr(as)
-— torreas) l/

twrsisa)

7N\ e\

—_—

4

T

torriod

4

OPEN

NOTE : OE Ag~Ag : “H" or “L"
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HY514410A 1,048,576 X4-Bit CMOS DRAM

TEST MODE

The HY514410A is a DRAM organized
1,048,576 words by 4 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in parallel
and retrieved the same way. Ay is not used. If,
upon reading, the 8 bits are equal(all 1s or Os),
the I/O pin indicates 1. If they were not equal,
the 1/O pin indicates 0. The following figure
shows the block diagram of HY514410A. In Test
Mode, 1IM X4 DRAM cab be tested as if it were
a 512KX8 DRAM.

BLOCK DIAGRAM IN TEST MODE

g g -
Crealy

Aoc
[or~H{
Test

A-H

3-284

WE, CAS-Before-RAS Refresh Cycle puts the
device into Test Mode. And CAS-Before-RAS
Refresh Cycle or RTS-Only Refresh Cycle puts
it back into Normal Mode. In Test Mode, WE,
CAS-Before-RAS Refresh Cycle performs the
refresh operation with the internal refresh
address couter. The Test Mode function
reduces test time to one-second in case of N test
pattern.

Voo
A Q
B Test
hacy
B
Normal
Voo
@)
c Normal
0 #O
- VDD—O Test /0 1
ol >0
Normal




HY514410A 1,048,576 X4-Bit CMOS DRAM

WRITE-PER-BIT FUNCTION

The write-per-bit function selectively control the internal write-enable circuit of the DRAM. When
WB/WE is held ‘low’ at the falling edge of RAS during a random access operation, the
write-mask is enabled. At the sametime, the mask data on the W /10, pins is latched onto the write-
mask register(WMR). When a ‘0’ is sensed on any of the W/IO, pins, their corresponding write
circuits are disabled and new data will not be written.

" When ‘1” is sensed on any of the W,/1O, pins, their corresponding write circuit will remain enabled
so that new data is written. The truth table of the write-per-bit function is shown in table 1.

Tablel : Truth table for write-per-bit function

H H . Write Enable
1 " Write Enable
H H , L 5
0 Write Mask

An example of the write-per-bit function illustrating its application to displays is shown in Fig-1
and Fig-2.

Fig-1  Write-per-bit timing cycle Fig-2 ! Corresponding bit-map

RAS U Pixel
—_ I CRT display
CAS |

T N 0000

00 0000
, 000000B®@00 | g
00000 BOBOOD |wnr
o K pow X counm 50008000000 |6
OO0 000 | e
506/0000 0000 |6
_ 0B OO0V | rewne

(
-

o
Y, W
7

!

W4/I04-+-Write “0”

W3/I03--No Write(Mosked)

Wo/IO2-*-Write “1”

I
W10, 223 Enable ;; Write “0” / ‘
W;/101+‘No Write(Masked)
Write ’

Wi/10,="L"--Mask Bit
WNIO,="H"""-Write Enable Bit
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HY514410A 1,048,576 X4-Bit CMOS DRAM
L

PACKAGE INFORMATION

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL

mEmEmE el I mmmmr‘l———f‘ MAX
I UNIT : INCH(mm) pyrend

0,0200(0.5080)
""" 00160(0.4064)
0050085C
l = | (2700 - goezo(g:gl;;
i . —

i LAARAL A &
T 06790(17.2466) 32 [ oorao(esses) | 1
06710(17.0434) § B 0.2600(6:6040) g ﬁ
8

* 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL

MAX
< INCH! MAX
UNIT : INCH(mm) m

1
gege
L

!

e

0020(0.508)
- o 0.014(0.356)
J 0.050(1.270)BSC

0.050(1.270)
0.042(1.067)

-.l lk

EE——; - s e PN

t tt. SEATING PLANE Ml :
0679(17.247) . +! |+ 0023(0584)
0.671(17.043) 0017(0.432)

| o

H:/ 0.0083(0.210)
0.0047(0.120)

N
-

oo42(1067) | |°
0.000(0.000)
ES
o

0.050(1.270)
0.006(0.152)
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[ e R

¢ 20 PIN ZIGZAG-IN-LINE PACKAGE —400MIL

— - 0.120(30480)
0.112(2:8448)

/

|

|
H
I
B | _| ———— e
|
|
|
|

0.120(30480)

0.344(8.7376)
1
;
4
0.400(10.1600) MAX —a

-

«— 0.356(9.0424) .

0.620(13.2080)

&

IO ar

< 0024(0.6096) 0050(1.2700)—>| e I 3048
0016(0.4084) ' ¢ ) b _.I'I‘-gfgégggﬁzzas))

<— 0.100(2.5400) BSC

| 4— 0.140(3.5560)

*+———— 0.540(13.7160) —————»

0.050(1.2700) _,.
0.040(10160)

I -
1.036(26.3144)
1.024(26.0086)
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~HYUNDRI

PRELIMINARY

HY514410

DESCRIPTION

The HY514410AL is a high speed, low power
1,048,576 words by 4 bits CMOS dynamic
random access memory, fabricated with the
HYUNDAI CMOS process. The HY514410AL
offers a fast page mode operation, write per bit

function, wide

operating margins,
inherently high CMOS reliability.

and

All inputs and outputs are TTL compatible.
Multiplexed address inputs permit the HY514410AL
to be packaged in a standard 20/26 pin SOJ,
TSOP, and 20 pin ZIP.

HYS514410AL design is optimized for cache
and microcomputers,
graphics digital signal processing, and high
performance microprocessor systems.

based mainframe,

BLOCK DIAGRAM

VOp W01 1Oz KO3

R R

|

DATA IN '
BUFFER

DATA OUT

BUFFER l “oO0E

| W

Vep
GENERATOR

COLUMN
DECODER

SENSE AMP C 4
VO GATE

WE
CAS 4
[
COLUMN
CLOCK
GENERATOR fe—ry
COLUMN J
PREDECODER
(10)
AQ O—|
P
Ajo-l ©
I REFRESH <!
azo-| 2 CONTROLLER |
Ag4 O~ Y
Ag O+
o REFRESH
:6&. ] COUNTER
7 o] ¥ (10,
20* g L3
o ROW
1 PREDECODI
(10) 10 )

RAS CLOCK
RAS 0———] GENERATOR

ROW
DECODER

MEMORY
ARRAY

|

X8
PARALLEL
TEST

SUBSTRATE
BIAS
GENERATOR

-0 Vpp
<0 Vgg

IM x4-Bit CMOS DRAM

M1L1200A- MAR92
FEATURES
* Low power dissipation
- Operating Current, 80ns  : 90mA(max.)
- TTL Standby Current ! 2mA(max.)
- CMOS Standby Current : 200pA(max.)

- Battery Back Up Current : 300pA(max.)

* Read-Modify-Write Capability

* RAS-only, Hidden, CAS-Before-RAS Refresh
Capability

¢ Common I/O Capability

¢ Fast Page mode and Test mode Capability

* Write per Bit mode Capability

¢ Single 5V+ 10% power supply

* 1024 refresh cycles/128 ms

¢ High reliability 300 mil 20/26 pin SOJ, TSOP
and 400mil 20 pin ZIP

¢ Fast access time and cycle time(ns)

Max RAS Access
70 80
Time, trac
Max CAS Access
20 20 25
Time, tcac
Min Fast Page Mode
. 40 45 55
Cycle Time, tpc
Min Cycle Time, trc 120 130 150
PIN CONNECTIONS
ot O ' 26Pves w1 O 26 I vgg
o142 250103 yO1(I2 25 [T 1103
WEQ 3 24010, WELN3 24 ] Oy
RAS (4 23D CAS RASCH4 23 I TAs
A5 200 AgOs 2213 OF
Aod9 18 0 Ag Ao 9
A0 17 DAy A;CT10
Az2gn 16 PAg A CI M
Asg12 15 1 Ag AgCI12
Voodj13 140As  Vpp[I13
SOJ
PIN NAMES
RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
OE OUTPUT ENABLE
AgAg ADDRESS INPUT
1/Og/O3 | DATA INPUT/OUTPUT
Vpo POWER(+5V)
Vss GROUND




HY514410AL 1,048,576 X4-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0 to 70 ke
TstG Storage Temperature —55 to 150 T
Vins, Vour Voltage on Any Pin Relative to Vsg -10to 7.0 v
Vob Voltage on Vpp Relative to Vss -10t0 7.0 v
los Short Circuit Output Current : : 50 mA
TSOLDER Soldering Temperature Time 260, 10 c, sec
Pr Power Dissipation 770 mW

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

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°C to 70°C) ~

Vbbp Supply Voltage 4.5 5.0 ) 55 v
Vin Input High Voltage 24 - Vpp+1t A\
ViL Input Low Voltage -1.0 - 0.8 v

NOTE :All voltages are reference to Vss.

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

. OV<VN<6.5V, All other
| Iy | | Input Leakage Current(any input pin) =T 10
pin not under test=Vsg
o | Output Leakage Current for Dour is disable, 10
o -
High Impedance State OV<Vour<5s.5V
—_ -60 - 110
. RAS, CAS, Address
Ipp1 Vpp Supply Current, Operating -70 - 100 mA 1,24
cycling, trc=trc(min.)
—-80 - 920
Iop: | Vop Supply Current, TTL Standby | RAS=CAS=Vy - 2 mA
Voo Supply Current, RAS cycling, CAS=V o1 - 10
) urren cyclin; =V,
Ipps DD SUPPY y g, " -70 - 100 mA 1,4
RAS-only Refresh trc=trc(min.)
—80 - 85
Vpp Supply Current, RAS=Vy, Add Lol 0
u, urren = ress
oos | D0 UPPY b ) -0 | - 0 | mA | 1,24
Fast page mode cycling, tpc=tpc(min.) .
—80 - 50
: Vpp Supply Curren —_—
Ipps | D0 PPV b RAS=CAS=Vpp—02V - | 200 | wA
CMOS Standby
Vo Supply Current, RAS, CAS cycli o i L
| urren 3 cli
Ipps _DB PPy J— ‘Cy ne —70 100 mA 1,4
CAS-Before-RAS Refresh trc=trc(min.)
—80 - 90
CAS=CBR cycling or 02V,
OE=WE=Vpp—0.2V,
Add=Vpp—0.2V or 0.2V,
Vpp Supply Current, 1/O=Vpp—02V or 02V or open, - 300 A 1
Ipp7 Battery Back up trc=125ys, tras=tras(min.)
' ~300ns
Same as above
, - 400 | pA 1,5
except tras=300ns~1us
VoL Output Low Voltage IoL=4.2mA - 04 v
Vou Output High Voltage Iog=—5mA 24 - v
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HY514410AL 1,048,576 X4-Bit CMOS DRAM

AC CHARACTERISTICS
(T2a=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES : 3, 4, 5, 6

1| trc Random Read or Write Cycle Time 120 - 130 - 150 - ns
2| trwc | Read-Modify-Write Cycle Time 175 - 185 - 210 - ns
3| tec Fast Page Mode Cycle Time 40 - 45 - 55 - ns
4 | tprwc | Fast Page Mode RMW Cycle Time 95 - 100 - 115 - ns
51 trac Access Time from RAS - 60 - 70 - 80 ns 8,13
6| tcac | Access Time From CAS - 20 | - 20 | - 25 | ns | 813
7| taa Access Time from Column Address - 30 - 35 - 40 ns 8,13
8| tcpa Access Time from CAS Precharge - 35 - 40 - 50 ns 8
9| tcrz CAS to Output in Low-Z 0 - 0 - 0 - ns 8
10 | torr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9
11| ¢ Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 7
12| trp RAS Precharge Time 50 - 50 - 60 - ns
13| tras | RAS Pulse Width 60 | 10K | 70 | 10K | 8 | 10K | ns
14| trasp | RAS Pulse Width(Fast Page Mode) 60 | 200K 70 | 200K 80 | 200K | ns
15| trsu | RAS Hold Time 20 | - 20 | - 25 - ns
16| tcsu | CAS Hold Time 60 | - 70 | - 80 - ns
17| tcas | CAS Pulse Width 20 | 10K | 20 | 10K | 25 | 10K | ns
18| trep | RAS to CAS Delay Time 20 | 40 20 55 20 55 ns 13
19| trap RAS to Column Address Delay Time 15 30 15 35 15 40 ns 14
20| tcrp | CAS to RAS Precharge Time 5 - 5 - 5 - ns
21 tcp CAS Precharge Time : 10 - 10 - 10 - ns
22| tasr Row Address Set-up Time 0 - 0 - 0 - ns
23 | tran Row Address Hold Time 10 - 10 - 10 - ns
24 | tasc Column Address Set-up Time 0 - 0 - 0 - ns
25| tcan Column Address Hold Time 15 - 15 - 15 - ns
26 | tar Column Address Hold Time referenced to RAS | 50 - 55 - 60 - ns
27| trar | Column Address to RAS Lead Time 30 - 35 - 40 - ns
28 | trcs Read Command Set-up Time 0 - 0 - 0 - ns
29| trcH Read Command Hold Time 0 - 0 - 0 - ns 10
30| trru Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 10
31| twen | Write Command Hold Time 15 - 15 - 15 - ns
32| twcr |Write Command Hold Time referenced to RAS| 50 - | 55 - 60 - ns
33| twp Write Command Pulse Width 15 - 15 - 15 - ns
34| tawp | Write Command to RAS Lead Time 20 - 20 - 25 - ns
35| tcwr | Write Command to CAS Lead Time 20 - 20 = 25 - ns
36| tps Data Set-up Time 0 - 0 - 0 - ns 11
37| tpu Data Hold Time 15 - 15 - 15 - ns 11
38| tpur | Data Hold Time referenced to RAS 50 | - 55 | - 6 | - ns
39 | trer Refresh Period - 128 - 128 - 128 ms
40 | twcs | Write Command Set-up Time 0 - 0 - 0 - ns 12
41| tcwp | CAS to WE Delay Time 50 - 50 - 55 - ns 12
42| tawp | RAS to WE Delay Time % | - | 00| - 110 - ns 12
43| tawp | Column Address to WE Delay Time 60 | - 6 | - 0| - ns 12
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44| tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns
45| tcur | CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 30 - ns
46 | trpc | RAS to CAS Precharge Time o| - 0| - 0 - ns
47| tcpr  |CAS Precharge Time(CBR Counter Test Cycle)| 30 - 35 - 40 - ns
48| tron | RAS Hold Time referenced to OF 0| - | w0 - 0] - | ns
49| topa | OE Access Time - 20 - 20 - 20 ns
50| toep | OE-to Data Delay 20 - 20 - 20 - ns
51| togz Output Buffer Turn-off Delay Time from OE 0 20 0 20. 0 20 ns
52| toen | OE Command Hold Time 20 | - 20 | - 20 - ns
53| twrs Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns
54 | twrH Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns
55| twrpe | WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns
56 | twrn | WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns

| AC CHARACTERISTICS IN THE TEST MODE Note : 15

57| trc Random Read or Write Cycle Time 125 - 135 - 155 - ns

58 | trwc Read-Modify-Write Cycle Time 180 - 190 - 215 - ns

59 | tec Fast Page Mode Cycle Time 45 - 50 - 60 - ns

60 | tprwc | Fast Page Mode RMW Cycle Time 100 - 105 - 120 - ns

61| trac | Access Time from RAS - 65 | — 75| - 8 | ns | 8§13
62| tcac | Access Time from CAS - 25 | - 25 | - 30 | ns | 813
63| taa Access Time from Column Address - 35 - 40 - ‘ 45 ns 8,13
64 | tcpa Access Time from CAS Precharge ’ - 40 - 45 - 55 ns 8
65 | tras RAS Pulse Width 65 10K 75 10K 85 10K ns

66 | trasp | RAS Pulse Width(Fast Page Mode) 65 | 200K 75 | 200K 85 | 200K | ns

67 | trsy | RAS Hold Time ' 25 - 25 - 30 - ns

68| tcsu | CAS Hold Time 65 - 75 - 85 - ns

69 | tcas CAS Pulse Width 25 10K 25 10K 30 10K ns

70 | trAL Column Address to RAS Lead Time 35 - 40 - 45 - ns

71| tcwp | CAS to WE Delay Time 55 - 55 — 60 - ns 12
72| trwp | RAS to WE Delay Time 95 - 105 - 115 - ns 12
73| tawp | Column Address to WE Delay Time 65 - 1 70 - 1 15 - ns 12
74| topa | OE Access Time - 25 - 25 - 25 ns

75 |- toep | OE to Data Delay 25 - 25 - 25 - ns

76 | toen | OE Command Hold Time 25 — 25 - 25 - ns
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‘ HY514410AL 1,048,576 X4-Bit CMOS DRAM
.

AC CHARACTERISTICS IN THE WRITE PER BIT MODE

77 | twss Write Per Bit Set-Up Time 0 - 0 - - ns

78 | twsH Write Per Bit Hold Time 10 - 10 - 10 - ns

79 | twps ‘Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns

80 | twpu | Write Per Bit Selection Hold Time 10 — 10 - 10 - ns
NOTES :

1. Iccts Iecss Ieca Icce Icc7 depend on cycle rate.

2. Icct» Iccs depend on output loading. Specified values are obtained with the output open.

3. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 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.

4. Tt depends on user wheth i address is changed or not at least once while RAS=Vy and CAS=Vy.

S. Only tgag(max.)=1ys is applied to refresh of battery back up but trag(max.)=10ps is applied to normal functional operating.

6. AC measurements assume tT=>5ns.

7. Vig(min.) and V[ (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Viy and Vji.

8. Measured with a load equivalent to 2 TTL loads and 100pF.

9. topr(max.) and tggz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels.

10. Either tRcH or tRRH must be satisfied for a read cycle. '

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

12. twCs, tRWD» tCWD and towp are not restrictive operating p They are included in the data sheet as electrical characteristic only. If twcs> twcs(min.)
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If (rwp > tRwp(min.), tcwp > tcwp(min.)
and tawD > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

13. Operation within the tgcp(max.) limit insures that tgac(max.) can be met. tcp(max.) is specified as a reference point only : If trcp is greater than the specified
trep(max.) limit, then access time is controlled by tcac.

14. Operation within the tg op(max.) limit insures that tgac(max.) can be met. tap(max.) is specified as a reference point only : If trap is greater than the specified
traD(max.) limit, then access time is controlled by taA.

15. These specifications are applied to the test mode.

CAPACITANCE
(Ta=0°C to 70°C, Vpp=5V+ 10%, f=1MHz)

Cini Input Capacitance(Ag-Ag , Data In) 5 pF
Cin2 Input Capacitance(RAS, CAS, WE, OE) = 7 pF
Cour Output Capacitance(Data Out) - 7 pF
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TIMING DIAGRAM
READ CYCLE ety
tras(13) : tRe(2)
R zm - tar(2s)
L -
-— teshiie) .
I‘cnp(zo) taco(18) trsH(1s) )
Fia Vin — ' teastn) ﬁ
QAS v — ]‘ tran(19) tnALm)_
tasc(aa)
tasr(22) %m(as) teancas)
N e 1 007000
trcs(es) tRRH(30) tRCH(zg)
W . _ 777777 e 72772272
taam
- to
® D 77N B 77
traces) loac(e) " OEZ(51) | FF:10)
wio Vo~ OPEN { | vALID DATA-OUT
VoL — torze)
WRITE CYCLE (EARLY WRITE)
the(1) .
- ) - tras(13) trp(12)
RAS \\:r _ taR(26) > \
tesH(16)
terp(20) tRcp(18) _ tasH(1s) | teRp(20)
— Vy — — teas17)
CAS —
e tewiczs) tRaL(27) J
tASRf_z)_ ~ [tascees) {cAH(25)
. XN B X7 7777,
tnAo(w)
towL (35)
Vi 'ZVBS il tv:/%: et 4 <tweH(a1) >
wmw, 22X e — T
- lwcrl«sz) tRwL(34)
Vg — |
® 7T
- twos(re) | |4 OHRED | v
Vie j-—. twou(so)‘.t?s(sw > tor(ar) .
wio oK (/K_VALID DATAIN AN A AAY
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WRITE CYCLE (OE CONTROLLED WRITE)

tre()
trastia) . ; trp(12)
. Vi — —_— .
RAS tar(2e) S
Vi —
tesHae
tﬁgp(m) trco(18) tRsH(15) | tcrr(20)
—_— Vih — }
CAS ] —teasn—
Ve —
* tRan(23)
- tracer)
tasr(az) fasccon) toares)
-
Vih — -
- ROW COLUMN
Ao Vi — ADDRE ADDRESS / / / /
|
tRaD(19) tow(as)
D e 4
tweszny | | twehes) tawi(34)
V - -
WE, WE i N7 777777
Vi — = IR |
toEH(s2)
|
& " 7
Ve —
toen(so)
-
twos(re) twor(so) i‘ﬁ)’ i?_“fi?__
'
WO VALID DATA-N
ViL |
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HY514410AL 1,048,576 X4-Bit CMOS DRAM

READ-MODIFY-WRITE CYCLE

trwe(2)
tap(12)
tRas(1a)
. VH - comm——— -
RAS tar(26) \
ViL —
tosHire)
tc
R0} trop(18) tRsH(15) terp(20)
—_ Vi — — tc
crs AS(17)
Vi — J o 4 ﬂ-
tasre2z) | | trarces) tasceea) toaras)
- - | -
Vi —
" ROW COLUMN
Ao Vi — IADDRESS ADDRESS /// /
tAWD(43) 1CWL(I!S)
trap(19)
t ‘ tcwn(a1)
wes(77) | | twer(7s) tacs
l«- | (28) tawnez) tawL(34)
VK - —
wmwe, X e\
’ taa@ !
_ Vi _ toea(a9) L
OE /
w - L
L toen(s0)
X \ tcacce)
wos(:f). 'WDH(80) D toezts1) | 1086) | tppcan
= tRac(s) [~ —
Vi —
M T VALD
Ve — DATA-IN DATA-IN /4
w/10
toiz(e)
g ——-
Von — VALID
v DATA-OUT
oL —

3-296




HY514410AL 1,048,576 X4-Bit CMOS DRAM

FAST PAGE MODE READ CYCLE

tap(12)
t —_
Vi — — taasp(14)
RAS —taR(eE) —— Py ] \
ViL — 77/
tpes)
torr(20) . ] torcony trsHO1s) toRp(20)
— — ——i
AS Vih — -/,:_’ CDO.) teas(iz teas(17) teasin)
Vi — tcsH(ie) ,’ a . - -
traw(27)
< p—tRAH(23)
tasr(22) tsciay | leanes tasc@ | | tou o5 tAsc!(2|4> teances)
V'H - - pu
_ ROW COLUMN COLUMN COLUMN
Aok Vii — ADD ADDRESS, L_ADDRESS ADDRESS ﬂ
trRap(19)
tacs(ee) ! thcr(z0) tros(es) trcs(es) treH29)
—_— e Vg — =
WB. WE \y tRRH(30)
ViL — / / taam I ' tan) ) @) I IH
‘ tRoH(48)
Vin — 1oEA(49) toeatae) J toEaa0)
= " N BN I N
toac(e) -} TorFc1o) teacee) l torF(10) torr(10)
trac(s) — N -(—1; i toacts) —
12(5
toizeo) _ Pty teLze) “OEZ(51) toze toezsn
W0 Von — VALID T - VALID - VALID
VoL — v DATA-OUT DATA-OUT DATA-OUT:
FAST PAGE MODE WRITE CYCLE
tap12)
Vi — tRasp(14)
_ H e :
- taR(26) —— i
RAS Vi — : // .
tcrP(20) PO® trsH(15) RP(20)
v 2| |00 © —| tercan " ha
—_— H — AS(17 AS(17)
CAS f \ ~tcasar)—~ |——— /
Vi — tcsH(ie) . -
-1 tRarczs) |—] tRaL(27)
tasr(22) tasc(2a) tcan(zs) tasc(aa) teariczs) tAsc(zT) toan(es)
Vi — i OVN a
_ ROW COLUMN COLUMN CoL
Aok Vi — L ADD J ADDRESS . ADDRESS | ADDRESS :
. tRaD(19) towi(as) toww(as) twcs(ao) towi(ss)™ '
(40) twosao) {AWL(34)—
twes79)| | twarezey twes] tweran) twer(at) - tweriane
e =t 4 twp(a)
WB. WE wp(ss) 1L~ WP(33) -
Vi — ~7 7/
loen(s) | toer(s2) toEH(s2)
- twer(a2) 1 .
J— Vg — 7/
OE W
(R
toHR(as) tOED(sr")
twosre)| | tworceo tomcar tos(ae)| torcan) tos(a8)| | touar)
- - -—nf |- ——i |
Vi — tps(3e) T
[ MASK VALI VALID
wno Vi — ATA-IN N DATA-IN ~ 4\ DATA-IN | DATA-IN
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HY514410AL 1,048,576 X4-Bit CMOS DRAM .
O

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

_ VH — —
RAS Vi — teasp(14) v
“trp(12)
tesH(ie)
tPrRWC(4) thsris) A
Rooae | | e —|topcany A | ~tcrp20) ~
=%a Vo — (19) 7 —osan | ~—tcas(1r)—— -——10A§(17)——t
CAS  y, _ trap | | L 2 L
tRaH(23)
|
tean(2s) tasc(za) travcen)
tasr(22) tAscEr«a) loar(2s) tasccz2) toar(2s)
| =< [ —
ViH — COL | A COL T~
Aok, oo X 55 ADD 455 e
’ tawL(34)
| tawn(az) L fownen
tresces) tewoian tow(as) tewees)| (| | tewna) towwas)
— Vi — 1 c N
WB. WE j "1 tawneas) \ tawn(43) | AWD(43) |
VL~ e —— | e =
taa | _ltwp 33) - | tweaa)
I -
toeacag) ) toeacae)
NEEN
Vin —
OE
o= loeD(s0) tcpacs) toen(50)
tc;\c(fs|> tCAc(Ie)
— Py
toEz(51) taam tos(as)
4 N toez(s1)
trac(s) - _bs(ss) . | oncen)
tor(an) Dsfle) tor(a7) }. -
' b=l | L T 4 1
o - STy | :
v \ T T | JTT T Sy —
oL — oot
toiz(e) our teizco out tCLZ‘(Ei
— - —H— —
W/I0
_ 2 ~
v MASK AT v 1f / D
v DATA-IN \ _f X
L —
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HY514410AL 1,048,576 X4-Bit CMOS DRAM
L

RAS-ONLY REFRESH CYCLE

taccn
Vs — (1) ——
_ — ——
RAS - tras(13) ,
Vi — i'4
|
tCRP(20) trec(s6)
-~ «——

cRS VL — - \_/

-

tasncez) | | tRarcaay
-

VH —

oy L ACDRESS G 2,

NOTE : WB/WE OE="H" or *L"

CAS-BEFORE-RAS REFRESH CYCLE

tre1)

———tRP(12) et
tras(12) [ ] \

L

—tRP(12) ——»

Vi —

Vi —

trrcas)
—p

tercany

—

tesraa)
Vi — -— teHR(as)
Vi —

twrpess) | | twrricss)

__ ViH —
NN \ , G
torF(10) :
VoH —
W/0 ) - OPEN
Ve T —

NOTE : OE Ag~Ao="H" or “L"

3-299



HY514410AL 1,048,576 X4-Bit CMOS DRAM

HIDDEN REFRESH CYCLE(READ)

_ Vm
RAS

ViL
As Vi

Vi
Acho ViH

Vi
peStp—
WB. WE

Vi
— V
oE H

Vi

Vou
W/10

VoL

3-300

trg()

<trp(12) =

tras(13)

Y
!

RC(1)
trp(12)
-———

) tarcas) b tras(13) N\
terpez0) tre(ie) : toRp(20)
[— ~—ths(1s) — terr(as)
j fRAD(19)|\
i) !
tASR(22) tR»;\H(23) t(.7/\H(25)
oD, GOSN L R
traL(27)
tros(s) ‘RRHgsm tweecss) | | twencse)
L f
oz AN,
taa(m
toeacao) >
A AN,
toace) "_o:mo)
teizco) toez(s1) |

traces)

VALID DATA-OUT




HY514410AL 1,048,576 X4-Bit CMOS DRAM

HIDDEN REFRESH CYCLE(WRITE)

ms ™

ViL
cas Vm

ViL

Vin
AoAg

\
— Vi
WB. WE

Vi
_ ViH
OE

Vi

ViH
W/I0

Vi

tRe(n)

trc(1)

terp(20)

!

tras(13)

trp(12)

tar(26)

treo(18)
<~—tRsH(1s) —

-/

tasr(22)

—— -

tRpr(12)
——ee
tras(13) \ }———.\

| terp20)

+———toHR(4s) ——

——
‘tran(19) ”\
- 3

tasc(a)

w
D L_ADDRESS

P | o
tranc23) tear(2s)
| —— .
I CO

LUMN

LK

WBH(78) s a0) tweren
- p——

twe(as) 4

Lz

tRwL(a4)

twer(az)

iz .

. Z

twos(ze)

tworiao) tos@e)  tonean

"0

MASK DATA-IN '

<=

VALID DATA-IN

7 7

torRr(as)
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HY514410AL 1,048,576 X 4-Bit CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

— trp12) —
RAS \\;IE : tRastia)
) . tertan tasHcrs) |
CAS Vie \[<—’ '—’CHH(AS)—“Z teas(n) 'g ]
Vi — I i =
|
. tAsc(zz}) < toacasyo] thraLn) | ‘
Mho o, B A,
_ . ' I tRRH(30)
READ CYCLE fwmpcssy | | fomnces) ! AA(7) f—
ST |—| |+ | [—Ttcacey — <+—! tacH(20)
ww "7 || \ezezzg Nz
‘ trok(48)
—_ VH — toEA(49)
= "7 27N ] 77
torF(10)
oz toez(s1)
Von —
W/I0 Ver — -+— OPEN | VALID DATA-OUT
* 1
WRITE CYCLE twre(ss) | | twrr(se) bl
o — [~ = toww(as)
WB. WE v — jf v | | ——tworEn —— / / /
i .
— Vih —
& 77777 7 7
tos(ae) |
— | +—"loHEn —
ViH — 5
w/10 VALID DATA-IN
iL —
READ-MODIFY-WRITE CYCLE fawoes) tewL(as)
/ y tWRF(E). &?H(se) tRFS(zs) town(ar) ~tawicae) -
wwe " T ez e WS AT
o l taan| |
— Vin — N
OE Vi — / / // / // A bﬂ) toen(so)
tcac(s) 7,0;[
-— | OF (51)
Yon— OPEN oz hy
VoL —
‘w0 vALD DATAOUT |25 [oHen
— |
‘ \\i_::’ : OPEN { DXAT\';\I?N
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HY514410AL 1,048,576 X4-Bit CMOS DRAM

TEST MODE IN CYCLE

tro(sn)

———trp(12) —

RAS tras(es)

tepcany
«—| tcsrias)

. — oHacas) V
o _ 7 A

twrscss)

SN 7 e —— 7
“o:FOo)
WO "—""_> OPEN

NOTE : OE, Ag~Ao="H" or “L"
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HY514410AL 1,048,576><4—Bit CMOS DRAM v
[ e e

TEST MODE

The HYS514410AL is a DRAM organized
1,048,576 words by 4 bits and it is internally
organized 524,288 words by 8 bits. In Test
Mode, data are written into 8 sectors in paraliel
and retrieved the same way. Ay is not used. If,
upon reading, the 8 bits are equal(all Os or 1s),
the I/O pin indicates 1. If they were not equal,
the I/O pin indicates 0. The following figure
shows the block diagram of HY514410AL. In

Test Mode, IM X4 DRAM can be tested as if .

it were a 512K X8 DRAM.

BLOCK DIAGRAM IN TEST MODE

Aoc »
Normal o 512K block P Ves
— V, Test
Test . Q0 512K block [ Q¥ By

A-H

3-304

WE, CAS-Before-RAS Refresh Cycle puts
the device into Test Mode. And CAS-Before-
RAS Refresh Cycle or RAS-Only Refresh
Cycle puts it back into Normal Mode. In Test
Mode, WE, CAS-Before-RAS Refresh Cycle
performs the refresh operation with the internal
refresh address couter. The Test Mode function
reduces test time to one-second in case of N test
pattern.

Vop
O
Normal

o>l | >

Normal

Voo
Q
Normal




HY514410A1. 1,048,576 X4-Bit CMOS DRAM
R

WRITE-PER-BIT FUNCTION

The write-per-bit function selectively control the internal write-enable circuit of the DRAM. When
WB/WE is held ‘low’ at the falling edge of RAS during a random access operation, the write-mask
is enabled. At the sametime, the mask data on the Wi/IO; pins is latched onto the write-mask register
(WMR). When a ‘0’ is sensed on any of the Wi/IO; pins, their corresponding write circuits are
disabled and new data will not be written.

When ‘1” is sensed on any of the Wy/IO pins, their corresponding write circuit will remain enabled
so that new data is written. The truth table of the write-per-bit function is shown in table 1.

Tablel : Truth table for write-per-bit function

H H . ’ Write Enable
‘ 1 Write Enable
H 'H L .
0 Write Mask

An example of the write-per-bit function illustrating its application to displays is shown in Fig—1 and
Fig-2.
' Fig-1.  Write-per-bit timing cycle Fig—2. : Corresponding bit-map

RAS | . Pixel
o/ |
I CRT display
CAS
N/ 0000000000
| 00l0000@®@®00 |g
00000 BOBOOO |wmer
pota K _ow X comm Y77 0O00@000000 |
OO0 O0000 |wiew
00l0/06000000 |0
v‘vﬁﬁ%v / OOIPOOOOOOOO | nowie
- Y,

wion Dy w777

Wy/10, 2? Enable % Write “1” gzzzz; 4
’ | *“ W10, +Write “0”

Wa/105 % Mask / / Wa/I0g:-*No Write(Mosked) -
| .

Wy/IOp**-Write “1”
Wa/104 z;; Enable Q; Write “0” / )
W3/104::No Write(Masked)
L Write

Wn/IOp =*“L"--*Mask Bit
W10, =“H"**Write Enable Bit
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HY514410AL 1,048,576 X 4-Bit CMOS DRAM
. |

PACKAGE INFORMATION

* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL

oooon 1o o oomno T AT+ GGy M
| T | MIN
.28 8%
| 3R
4. e — | =5 sg
. s
' |
R
0.0200(0.5080)
" oo160(0.4064)
0.05008SC
— | y 0.0320(08128)
PN l (2700 o fla 00260(06604)
2¢ | | !
oE ‘ t ‘
g8 QOARAL T ] 5 L
°°TL 06760(17.2486) 2 | ooroeeses) |t
T oerio(i7oaa) T " §F 0.2600(6.6040) 2%
g g 235
(S~ gg
o
* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL
— . MAX.
] l‘ UNIT £ INGH(mm) “cC
32 2%
£E 82
88 58
oC oo
88
k: o8
0.020(0.508) g § 83
— — 0.014(0356); . S & gl\
! 0.050(1.270)BSC |l i g g
T T FTE g ([ BASERANE %h
~t e ; I
4N 0.679(17.247) I,\ - SEATING PLANE *I I-— 0023(0.584) o5
S8 0671(17.043) 28 0017(0432)
gm se
i
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HY514410AL 1,048,576 X4-Bit CMOS DRAM

* 20 PIN ZIGZAG-IN-LINE PACKAGE-400 MIL

< 0.120(3.0480)
0.112(2.8448)

|

|
|

I ! ,
38 2
o e Rl e L
| §§ :"é’
; LU T
|

[en—a——a
[ea——
[em—
[——
[—
[——
[eme—n
[emm—
[cm—
[S—
[e—
[ —
—C===TFH{
—C="—=TTH
00501 2700)—5‘

g |
g
z Y
—=| |« 0024(06096) | 0050(1.2700) —| i=— —~|||-—o,d1z<o.aoae>
0016(04064) [ § ’ 0.009(0.2286)
— 14— 0.100(2:5400) BSC
-— . 1036(263144) —
1.024(26.0006)
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DESCRIPTION

The HY524800 is the new generation dyna-
mic RAM organized 524,288 words by 8 bits.
The HY524800 utilizes CMOS process techno-

logy as well as advanced circuit techniques to

provide wide operating margins. Multiplexed
address inputs permit the HY524800 to be pac-
kaged in a 350mil 28 pin plastic SOJ.

- The package size provides high system bit
densities and is compatible with widely avail -
able automated testing and insertion equipment.
System oriented feature include single power
supply of 5V+10% tolerance direct interfacing
capability with high performance logic families
such as Schottky TTL.

CAS RAS
COLUMN RAS
CLOCK CLOCK
GENERATOR GENERATOR
Ao o= 5 COLUMN
Aol L DECODER
A; o—»f E
Ajo—sf o
A5 O— 8
ool & MEMORY
Ao A 10| ARRAY
Ag o—f < ROW
Ag o> DECODER
e o ggm:gE —»| SENSE AMP
A 1/0 GATE
1/0
5F 0| OUTPUT BUFFER |
;| ENABLE T———

% Column address(Ag~Ag) is trapped in colun.
address buffer at CAS falling edge.

/00
1701
/02
1/0s

RESYYN

SIKX8.Bit- CMOS DRAM '
M1 B1 201A- NOV91

FEATURES

* Low power dissipation
- Operating Current, 80ns : 115mA(max.)
-TTL Standby Current  : 2mA(max.)
- CMOS Standby Current : ImA(max.)

. Read-Modlfy-Wnte Capablllty

* RAS-only, CAS-Before-RAS
Refresh Capability

* Common 1/O capability

¢ Fast Page mode capability

* 1024 refresh cycles/16 ms

* High reliability 350 mil 28 pin SOJ

* Fast access time and cycle time (ns)

/s

Max RAS Access 70 80
Time, trac

Max CAS Access 20 20
Time, tcac

Min Fast Page Mode

Cycle Time, tpc 45 50
Min Cycle Time, trc 130 150

PIN CONNECTUINS

Voo [ 1 28 [ Vss
/0o d 2 27 Q1707
701 g 3 26 P 1/0g
702 4 25 [11/0s
o3 g s 24 P 1/04
NC O 6 23 D CAS
wEqgd 7 2 OB
RAS O 8 21 B NC
Ag O o 20 P Ag
Ao ] 10 19 P Ay
Aagn 18 P Ae
Az ] 12 17 p As
Az 13 16 0 Aq
vpp{ 14 15 A vgg
SOJ
PIN NAMES

RAS | ROW ADDRESS STROBE

CAS COLUMN ADDRESS STROBE

WE WRITE ENABLE

OF | OUTPUT ENABLE
AgAg | ADDRESS INPUT
1/Og /07
Vpp POWER(+5V)

DATA INPUT/OUTPUT

Vss | GROUND
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HY524800 524,288X8-Bit CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Ta Ambient Temperature 0 to 70 €
Tstc Storage Temperature —55 to 125 c
VN, Vour Voltage on Any Pin Relative to Vsg —0.7 to Vpp \'
Voo Voltage on Vpp Relative to Vsg —0.5 to 6.5 v
Ios Short Circuit Output Current 50 mA
Pr Power Dissipation 1.0 w

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

RECOMMENDED OPERATING CONDITIONS
(Ta=0°C to 70°C)

Vbp Supply Voltage 4.5 5.0 5.5 v
Vi Input Hight Voltage 24 - Vobp v
A% Input Low Voltage 0 - 0.8 v

NOTE : All voltages are reference to Vgs.

(Ta=0°C to 70°C, Vop=5V=+ 10%, Vss=0V, unless otherwise noted)

. . 0V < VIN < 6.0V, All other _
[T | | Input Leakage Current(any input pin) pin not under test=Vss 10 pA
o | Output Leakage Current for Dour is disable, _ 10 uA
Lo High Impedance State 0V < Vour £ 5.5V
. Ve Supply C . RAS, CAS, Address 70 - B L,
uj urren e ,
ot DD SUPPY t, Operating cycling, trc=trc(min.) 80 - 115
Ippz | Vpp Supply Current, TTL Standby RAS=CAS=Viy - 2 mA
Vpp Supply Current, RAS cycling, CAS=Viy, 70 - 135
Ipps — i mA 2
RAS-only Refresh trc=trc(min.) 80 - 115
Vpp Supply Current, RAS=Vy, Address 70 - 65
Ipps . ) mA 1,2
Fast page mode cycling, tpc=tpc(min.) 80 - 55
Vpp Supply Current, _— _ _
Ipps CMOS Standby RAS=CAS=Vpp—0.2V 1 mA
Vpp Supply Current, RAS, CAS cycling 70 - 135
Ipps — — . mA 2
] CAS-Before-RAS Refresh tre=trc(min.) 80 - 115
VoL Output Low Voltage IoL=4.2mA - 04 \"
Vou Output High Voltage Iou=—5mA 24 - \%
NOTES : :

1. Ippj and Ippg depend on output loading, specified values are obtained with the output open.

2. Ipp1, IDD3s IDD4 and Ippg depend on cycle rate.
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HY524800 524,288X8-Bit CMOS DRAM

AC CHARACTERISTICS

=0°C to 70°C, Vop=5V=+ 10%, Vss=0V, unless otherwise noted). NOTES : 1, 2, 3

Random Read or Write Cycle Time

o[
@«

130 { 128K | 150 | 128K

1,2
tRwC Read-Modify-Write Cycle Time 180 | 128 | 205 | 128 ns 1,2,10
tpc Fast Page Mode Cycle Time 445 | - 50 - ns 2
tpRWC Fast Page Mode Read-Modify-Write Cycle Time 9% - 100 - ns 2,12
traC Access Time from RAS -1 70| - | 8 ns | 3,45
tcac Access Time from CAS - |2 | - | 20 ns |[3,4,5
tAA Access Time from Column Address - 35 - 40 ns 4,5
tcpa Access Time from CAS Precharge -4 | - | 4 ns 5
toFF Output Buffer Turn-off Delay 0] 15 0 15 ns 7
tr Transition Time(Rise and Fall) 3| 50 3| 50 ns
trp RAS Precharge Time 50| - 60 - ns
tRAS RAS Pulse Width 70| 16 | 80 | 16 | ns 1,2
trRASP RAS Pulse Width(Fast Page Read-Modify-Write) 120 | 16 | 135 16 ns |1,2,10
trsH RAS Hold Time 20| - | 20| - | ns
tcsH CAS Hold Time 70| - 80 | — ns
tcas CAS Pulse Width 20| - | 20| - ns
tcasp CAS Pulse Width(Fast Page Read-Modify-Write) 70| — 75 - ns 10
tRcD RAS to CAS Delay Time 200 50 | 20| 60 ns 3
tRAD RAS to Column Address Delay Time 15 — 15| — ns 6
tcrp CAS to RAS Precharge Time 10 - 10| - ns
tcp CAS Precharge Time 0] ~ | 10] - ns 9
tAsR Row Address Set-up Time 0 - 0 - ns
tRAH Row Address Hold Time 10 - 10 - ns
tasc Column Address Set-up Time 0 - 0 - ns
tcan Column Address Hold Time 15| — 15 - ns
tAR Column Address Hold Time referenced to RAS 50 - 55 - ns
tRAL Column Address to RAS Lead Time 35| — | | - ns
trcs Read Command Set-up Time - 0 - ns
tRCH Read Command Hold Time - 0 - ns
tRRH Read Command Hold Time referenced to RAS - 0 - ns
twcH ‘Write Command Hold Time 15 - 15 - ns
twp Write Command Pulse Width 15| — 15 - ns
tRWL Write Command to RAS Lead Time 20| — 20 - ns
tew Write Command to CAS Lead Time 20| - 20 | - ns
tps Data Set-up Time 0 - 0 - ns 8
tpH Data Hold Time 15 - 15 - ns 8
tREF Refresh Period - 16 - 16 ms
twcs Write Command Set-up Time 0 - 0 - ns
tcwp CAS to WE Delay Time 45 - 50 - ns 10
trwD RAS to WE Delay Time ‘ 95| — 10| - | ns 10
tAwp Column Address to WE Delay Time 60 | — 70 - ns 10
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HY524800 524,288X8-Bit CMOS DRAM
.|

tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 — 10 - ns 9
teHR CAS Hold Time(CAS Before RAS Cycle) 15| — 20 | - ns
trPC RAS to CAS Precharge Time 0 — 0 - ns
ton | RAS Hold Time referenced to OE w| - | 10} - ns
toEA OE Access Time -2 | - | 2 ns 4,5
1oED OE to Data Delay 15| - 15 | - ns
toEzZ Output Buffer Turn-off Delay Time from OE - 15 - 15 ns 7
toEH OE Command Hold Time 15 - | 15] - ns
twrP WE to RAS Precharge Time(CAS Before RAS Cycle) 5/ — 5 - ns
twRH WE to RAS Hold Time(CAS Before RAS Cycle) 10| — 10 - ns
NOTEs : :
1. 1024 refreshes are required every 16ms. A burst of eight i freshes are all d to keep tRas=16ps ge. A i of 128us b fresh

is allowed, however 16ms retention must be met. . .

2. All AC timings assume ty(max)=5ns. If the actual tt is greater than "‘[‘(max)s then the cycle times need to be greater than that specified by the amount each transition

" exceeds tT(max) HY524800 will support a tT up to 50ns. The transition time is defined between the Viy and V. All timings are referenced to an Vy or
VIH-

3. tRCD(max) is specified as a reference point only. If tRCD)tRCD(max) then this p is i d by the tRCD ds tRCD(max)-

4. tRAC» ICAC- tAA and topA must be satisfied to guarantee access. Please check that all parameters are met for your application.

5. Access assumes a load equivalent to 100pF.

6. tRAD is specified as a reference point only. If tRAD>IRAC—tAA then the access is increased by the difference.

7

8

9.

. This parameter defines the time at which the output achieves the open circuit and is not referenced to the output voltage levels.
. Data In Set up and Holds are measured from the later of falling signal CAS or WE
. tCPy tCSR» tWRP» tWRH all need to be valid for CBR users.

10. A 5ns delta is used b Data hing Hi Imped and having valid Data In for these numbers.

CAPACITANCE
(T+=0,C to 70,C, Vpp=>5V+ 10%, f=1MHz)

Cint Input Capacitance (Ag-Aog)
Cina Input Capacitance (RAS, CAS, WE, OE)
Cro Input/Output Capacitance(Data Input/Data Output) - 8 pF
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. TIMING DIAGRAM
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WRITE CYCLE (OE CONTROLLED WRITE)
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FAST PAGE MODE--READ CYCLE
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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RAS-ONLY REFRESH CYCLE
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DEVICE OPERATION

POWER ON/INITIALIZATION/POWER OFF
After Vcc stabilizes, a pause of at least 500
microseconds is required before initialization

begin. During this interval, RAS must be inac- .

tive()Viu). a minimum of 8 cycles are required
to initialized the device. these must be either
m-only or CAS-before-RAS refresh cycles,
whose trp must be greater than 70ns. After the
initialization cycles the device is ready for nor-
mal use.

PAGE MODE OPERATION

The industy standard Page Mode for CAS-
Before-RAS and RAS-Only REfresh, Early-and
Late-Write, Read and Read-Modify-Write cy-
cles are supported.

ADDRESS CONTROL

The Row Address is trapped with the falling
edge of RAS, which is common for all modes
of operation. This selects the word line to be
used during the RAS cycle. The W/L selected
cannot be changed without RAS going inactive.

The Column Address(A¢~As) is trapped
with the falling edge of CAS, for both the Read
and Write operations. Each falling CAS allows
a new Read or Write operation to occur on a
selected new bit address on the same W/L. CAS
cycles may continue with new random ad-
dresses trapped each time CAS falls, up to
the limit of the RAS active time—tras.

The CAS pulse must rise past the Vi value
and remain at a Hi level for a specified time.
Only one Write operation can occur while CAS
is Lo.

The device’s access is impacted by active
‘RAS, active CAS, active OF, as well as valid
address and inactive CAS. All conditions must
be met in order to have a valid access. Therfore
the Set Up time for column address may impact
the device’s access.

READ/WRITE CONTROL

The state of the WE pin at CAS fall time de-
termines the type of cycle the device will start
to do. If WE is low when CAS falls, an Early
Write operation is initiated. Because the device
knows that a Write operation has be initiated,
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the Off-Chip-Drivers will remain in high imped-
ance for the entire CAS cycle and only allows
one Write operation for each CAS cycle.

If WE is high when CAS falls, a Read opera-
tion is performed, and the OF pin will control
the OCD impedance. The OE pin is indepen-
dent of CAS, but does have an access require-
ment. CAS and WE must not change state until
Data Qut is read.

If WE does fall while CAS is still Lo, a Read-
Modify-Write or Late-Write cycle will be initi-
ated. In this case, the OE pin will control the
OCD impedance. When WE falls, it will trap
Data In information for the Write operation.
The OE pin must be used for this cycle to guar-
antee correct “hand shaking” on the I/O pin
for Data Out and Data In control. Until Data’
Out is read and Data In is set up, Write must
not go low. In this case, the Data In will be writ-
ten on the same Column address which was
trapped when CAS fell. CAS must remain Lo
for a specified time after WE is Lo. and can not
start another cycle until after a trmw cycle time
has passed.

The customer can mix the above cycle types
as long as all other timings are obeyed.

DATA IN CONTROL

Data In is trapped when the Write cycle is
initiated. For an Early-Write operation, CAS
will be the trapping signal. During a Late-Write

_ or Read-Modify-Write operation, WE will be

the trapping signal.

IMPEDANCE CONTROL

The following signals are used to control the
impedance of the OCDs ; OE pin, WE pin,
RAS pin, and CAS pin. All pins must be in
there proper state in order to drive DATA Out.

With the OE pin hi, the OCDs are turned off
and will maintain hi impedance. Thus DATA
Out can be turned “off” by returning the OE
pin to hi level. OE pin going lo will allow the
Output Driver to be turned “on”, but only if the
device is doing a Read operation (WE pin hi)
and both the CAS and RAS pins are still lo.

If CAS never falls(RAS-Only Refresh), the
device will also maintain hi impedance. Data
Out can be turned “off” by returning the CAS
pin to hi level.



If WE is lo when CAS falls, the device will
maintain hi impedance. Data Out will not be
turned “off” by returning the RAS pin to a hi
level, but when RAS falls to start another cycle,
the device will return to a hi impedance even
if CAS had remained lo. Thus hidden Refresh
is not supported.

REFRESH CYCLE

Because 512K X 8 is a dynamic memory(data
is represented by charge stored on a capacitor),
each cell must be refreshed periodically to re-

place charge leakage. Refreshing the entire chip

NOTE :
1. Refresh occurs whenever RAS is selected ; eg, Read or Write.

HY524800 524,288 X8-Bit CMOS DRAM

requires sequencing through all 1024 row add-
ress. This must be done within each 16ms Re-
fresh interval. Two refresh methods are pro-
vided.

A RAS-Only Refresh uses a RAS select with
CAS held high. The selected row address (A,-
A,) must be provided to the device.

A CAS-Before-RAS Refresh capability is also
provided. If CAS is low at the time RAS is pull-
ed low to initiate the Refresh, an on-chip Row
Address Counter(RAC) will provide the next
row address for the Refresh. No external ad-
dresses are used.

2. If both CAS & WE are low when RAS becomes active(low), the device will be forced into a test mode. Since some test modes may cause physical

damage to the device, the above sequece is not allowed. Test modes are cleared by RAS-Only and CAS Before-RAS refresh cycles.

PACKAGE INFORMATION

¢ 28 PIN SMALL OUTLINE J-FORM PACKAGE —350 MIL
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