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1. COMPONENT 

HY XXXXXX X X X 

HYUNDAI PRODUCT 

Identifier 

DEVICE NAME 
Device Type, 
Organization, 
Density & 
Operating Mode 

DIE DESIGN REVISION 
BLANK: None 
A : First Revision 

T 

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

HVM XXXXXX 

HYUN ___ D_AI_M_O_D_U_LE ___ T ....... 
Identifier 

DEVICE NAME 
Device Type, 
Organization, 
Density & 
Operating Mode 

MODULE DESIGN REVISION 

BLANK: None 
A : First Revision 
B : Second Revision 

* MASK ROM only 

x x 

xx 

T SPEED 
25: 25ns 
30: .30ns 
35 : 35ns 
60: 60ns 
70: 70ns 
80: 80ns 
85: 85ns 
10: lOOns 
12: 120ns 
15 : 150ns 
20: 200ns 

* 25: 250ns 

PACKAGE 
S ~ Plastic DIP -300 mil 
P : Plastic DIP -600 mil 
J : 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 

T SPEED 
60: 60ns 
70: 70ns 
80: 80ns· 
10: lOOns 
12: 120ns 

CONNECTOR TYPE 

M: Socket (Edge) 
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QUICK REFERENCE 

·i. DRAM 
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256K bit HY53C256S-70 256K X 1 70 50 70 3 2 256/4 16Pin PDIP 

HY53C256S-80 256K X 1 80 55 60 3 2 256/4 16Pin PDIP 

HY53C256S-10 256K X 1 100 60 50 3 2 256/4 16Pin PDIP 

HY53C256S-12 256K X 1 120 70 45 3 2 256/4 16Pin PDIP 

HY53C256F-70 256K X 1 70 50 70 3 2 256/4 18Pin PLCC 

HY53C256F-80 256K X 1 80 55 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 

HY53C256LS-70 256K X 1 70 50 70 2 1 256/4 16Pin PDIP 

HY53C256LS-80 256K X 1 80 55 60 2 1 256/4 16Pin PDIP 

HY53C256LS-10 256K X 1 100 60 50 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 80 55 60 2 1 256/4 18Pin PLCC 

HY53C256LF-10 256K X 1 100 60 50 2 1 256/4 18Pin PLCC 

HY53C256LF-12 256K X 1 120 70 45 2 1 256/4 18Pin PLCC 

HY53C464S-70 64K X 4 70 50 70 3 2 256/4 18Pin PDIP 

HY53C464S-80 64K X 4 80 55 60 3 2 256/4 18Pin PDIP 

HY53C464S-10 64K X 4 100 60 50 3 2 256/4 18Pin PDIP 

HY53C464S-12 64K X 4 120 70 45 3 2 256/4 18Pin PDIP 

HY53C464F-70 64K X 4 70 50 70 3 2 256/4 18Pin PLCC 

HY53C464F-80 64K X 4 80 55 60 3 2 256/4 18Pin PLCC 

HY53C464F-10 64K X 4 100 60 50 3 2 256/4 18Pin PLCC 

HY53C464F-12 64K X 4 120 70 45 3 2 256/4 18Pin PLCC 

HY53C464LS-70 64K X 4 70 50 70 2 1 256/4 18Pin PDIP 

HY53C464LS-80 64K X 4 80 55 60 2 1 256/4 18Pin PDIP 

HY53C464LS-10 64K X 4 100 60 50 2 1 256/4 18Pin PDIP 

HY53C464LS-12 64K X 4 120 70 45 2 1 256/4 18Pin PDIP 

HY53C464LF-70 64K X 4 70 50 70 2 1 256/4 18Pin PLCC 

HY53C464LF-80 64K X 4 80 55 60 2 1 256/4 18Pin PLCC 

HY53C464LF-10 64K X 4 100 60 50 2 1 256/4 18Pin PLCC 

HY53C464LF-12 64K X 4 120 70 45 2 1 256/4 18Pin PLCC 

lM bit HY51 CHXX>S-80 lM X 1 80 45 95 2.5 1.5 512/8 18Pin PDIP 

HY51 CHXX>S-10 lM X 1 100 55 75 2.5 1.5 512/8 18Pin PDIP 

HY51 CHXX>S-12 lM X 1 120 65 70 2.5 1.5 512/8 18Pin PDIP 

HY51 CHXXlJ-80 lM X 1 80 45 95 2.5 1.5 512/8 20/26Pin SOJ 
HY51 CHXXlJ-10 lM X 1 100 55 75 2.5 1.5 512/8 20/26Pin SOJ 

HY51Cl(XX)J-12 lM X 1 120 65 70 2.5 1.5 512/8 20/26Pin SOJ 
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QUICK REFERENCE 

DRAM( continued) 
1<''> 

tRAc tpe 1001 1002 Ions lREF 
'llEMSify: PART MO oRGANIZATIOM PACKAGE 

_d_ 
,,, , ' ns ns mA mA mA cycle/ms 

IM bit HY5IC4256S-80 256K X 4 80 50 95 2.5 1.5 5I2/8 20Pin PDIP 

HY5IC4256S-10 256K X 4 IOO 65 75 2.5 1.5 5I2/8 20Pin PDIP 

HY5IC4256S-I2 256K X 4 I20 75 70 2.5 1.5 5I2/8 20Pin PDIP 

HY5IC4256J-80 256K X 4 80 50 95 2.5 1.5 5I2/8 20/26Pin SOJ 

HY5IC4256J-10 256K X 4 IOO 65 75 2.5 1.5 5I2/8 20/26Pin SOJ 

HY5I C4256J-J2 256K X 4 I20 75 70 2.5 1.5 5I2/8 20/26Pin SOJ 

HY53 I OOOS«> IM X I 60 40 85 2 I 5I2/8 I8Pin PDIP 

HY53IOOOS-70 IM XI 70 40 75 2 I 5I2/8 I8Pin PDIP 

HY53 I OOOS-80 IM XI 80 45 65 2 I 5I2/8 I8Pin PDIP 

HY53IOOOS-10 IM XI 100 55 55 2 I 512/8 18Pin PDIP 

HY53 HXXlJ-60 IM XI 60 40 85 2 1 5I2/8 20/26Pin SOJ 

HY53HXXlJ-70 IM XI 70 40 75 2 1 5I2/8 20/26Pin SOJ 

HY53HXXlJ-80 IM XI 80 45 65 2 1 512/8 20/26Pin SOJ 

HY53IOOlJ-10 IM XI IOO 55 55 2 I 5I2/8 20/26Pin SOJ 

HY531000AS-60 IM X 1 60 40 85 2 1 5I2/8 18Pin PDIP 

HY53IOOOAS-70 IM X 1 70 40 75 2 I 5I2/8 I8Pin PDIP 

HY53IOOOAS-80 IM XI 80 45 65 2 I 5I2/8 I8Pin PDIP 

HY53IOOOAJ-60 lM XI 60 40 85 2 I 512/8 20/26Pin SOJ 

HY53 IOOOAJ-70 IM XI 70 40 75 2 I 5I2/8 20/26Pin SOJ 

HY531000AJ-80 IM XI 80 45 65 2 1 5I2/8 20/26Pin SOJ 

* HY53IOOOAZ-60 IM XI 60 40 85 2 1 5I2/8 20Pin ZIP 

* HY53IOOOAZ-70 lM X 1 70 40 75 2 I 5I2/8 20Pin ZIP 

* HY53IOOOAZ-80 IM XI 80 45 65 2 I 5I2/8 20Pin ZIP 

HY53 IOOOALS-60 IM XI 60 40 85 2 02 5I2/64 18Pin PDIP 

HY53IOOOALS-70 IM XI 70 40 75 2 02 5I2/64 J8Pin PDIP 

HY53IOOOALS-80 IM XI 80 45 65 2 02 ,5I2/64 I8Pin PDIP 

HY53IOOOALJ-60 IM XI 60 40 85 2 02 5I2/64 20/26Pin SOJ 

HY53IOOOALJ-70 IM XI 70 40 75 2 02 5I2/64 20/26Pin SOJ 

HY53 IOOOALJ-80 IM XI 80 45 65 2 02 5I2/64 20/26Pin SOJ 

* HY53IOOOALZ-60 IM XI 60 40 85 2 02 5I2/64 20Pin ZIP 

* HY53 IOOOALZ-70 IM XI 70 40 75 2 02 5I2/64 20Pin ZIP 

* HY53IOOOALZ-80 IM XI 80 45 65 2 02 5I2/64 20Pin ZIP 

HY534256S-60 256K X 4 60 40 90 2 1 5I2/8 20Pin PDIP 

HY534256S-70 256K X 4 70 40 80 2 I 5I2/8 20Pin PDIP 

HY534256S-80 256K X 4 80 45 70 2 I 5I2/8 20Pin PDIP 

HY534256S-10 256K X 4 IOO 55 60 2 I 5I2/8 20Pin PDIP 

HY534256J-60 256K X 4 60 40 90 2 I 5I2/8 20/26Pin SOJ 

HY534256J-70 256K X 4 70 40 80 2 I 5I2/8 20/26Pin SOJ 

HY534256J-80 256K X 4 80 45 70 2 I 5I2/8 20/26Pin SOJ 

HY534256J-10 256K X 4 IOO 55 60 2 I 5I2/8 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 RAS-only, CAS-before-RAS, and Hidden Refresh 

cycles. 
3. ( * ) under development 
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QUICK REFERENCE 

DRAM(condnued) 

IM bit HY534256AS-(i() 256K X 4 ro 40 90 2 02 512/8 20Pin PDIP 

HY534256AS-70 256K X 4 70 40 80 2 0.2 512/8 20Pin PDIP 

HY534256AS-80 256K X 4 80 45 70 2 02 512/8 20Pin PDIP 

HY534256AJ-(i() 256K X 4 ro 40 90 2 0.2 512/8 20/26Pin SOJ 

HY534256AT-70 256K X 4 70 40 80 2 0.2 512/8 20/26Pin SOJ 

HY534256AT-80 256K X 4 80 45 70 2 0.2 512/8 20/26Pin SOJ 

* HY534256AZ-(i() 256K X 4 ro 40 90 2 0.2 512/8 20Pin ZIP 

* HY534256AZ-70 256K X 4 70 40 80 2 0.2 512/8 20Pin ZIP 

* HY534256AZ-80 256K X 4 80 45 70 2 02 512/8 20Pin ZIP 

HY534256ALS-(i() 256K X 4 ro 40 90 2 02 512/64 20Pin PDIP 

HY534256ALS-70 256K X 4 70 40 80 2 02 512/64 20Pin PDIP 

HY534256ALS-80 256K X 4 80 45 70 2 02 512/64 20Pin PDIP 

HY534256AIJ-(i() 256K X 4 ro 40 90 2 0.2 512/64 20/26Pin SOJ 

HY534256AU-70 256K X 4 70 40 80 2 0.2 512/64 20/26Pin SOJ 

HY534256AU-80 256K X 4 80 45 70 2 0.2 512/64 20/26Pin SOJ 

* HY534256ALZ-(i() 256K X 4 ro 40 90 2 02 512/64 20Pin ZIP 

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

* HY534256ALZ-80 256K X 4 80 45 70 2 0.2 512/64 20Pin ZIP 

4M bit 5141001-70 4M X 1 70 50 90 2 1024/16 20/26Pin SOJ 

HY5141 OOJ-80 4M X 1 80 50 80 2 1024/16 20/26Pin SOJ 

HY514100J-10 4M X 1 100 ro 70 2 1024/16 20/26Pin SOJ 

HY514100AJ-(i() 4M X 1 ro 40 105 2 1024/16 20/26Pin SOJ 

HY514100AT-70 4M X 1 70 45 95 2 1024/16 20/26Pin SOJ 

HY514100AT-80 4M X 1 80 55 85 2 1024/16 20/26Pin SOJ 

HY514100AT-(i() 4M X 1 ro 40 105 2 1024/16 20/26Pin TSOP 

HY514100AT-70 4M X 1 70 45 95 2 1024/16 20/26Pin TSOP 

HY514100AT-80 4M X 1 80 55 85 2 1024/16 20/26Pin TSOP 

* HY514100AZ-(i() 4M X 1 ro 40 105 2 1024/16 20Pin ZIP 

* HY514100AZ-70 4M X 1 70 45 95 2 1024/16 20Pin ZIP 

* HY514100AZ-80 4M X 1 80 55 85 2 1024/16 20Pin ZIP 

HY5141 OOAIJ-(i() 4M X 1 ro 40 105 2 0.2 1024/128 20/26Pin SOJ 

HY514100AU-70 4M X 1 70 45 95 2 0.2 1024/128 20/26Pin SOJ 

HY514100AU-80 4M X 1 80 55 85 2 02 1024/128 20/26Pin SOJ 

HY514100ALT-(i() 4M X 1 ro 40 105 2 0.2 1024/128 20/26Pin TSOP 

HY514100ALT-70 4M X 1 70 45 95 2 0.2 1024/128 20/26Pin TSOP 

HY514100ALT-80 4M X 1 80 55 85 2 0.2 1024/128 20/26Pin TSOP 

* HY514100ALZ-(i() 4M X 1 ro 40 105 2 0.2 1024/128 20Pin ZIP 

* HY514100ALZ-70 4M X 1 70 45 95 2 0.2 1024/128 20Pin ZIP 

* HY514100ALZ-80 4M X 1 80 55 85 2 0.2 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 DRAMs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden Refresh 

cycles. 
3. ( * ) under development 
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DRAM( continued) 

4M bit HY514400J-70 lM X 4 70 
HY514400J-80 
HY514400J-10 
HY514400AJ-60 
HY514400AJ-70 
HY514400AJ-80 
HY514400AT-60 
HY514400AT-70 
HY514400AT-80 

* HY514400AZ-60 
* HY514400AZ-70 
* HY5I4400AZ-80 
HY514400AlJ-60 
HY514400AlJ-70 
HY514400AlJ-80 
HY514400AL T-60 
HY514400ALT-70 
HY514400ALT-80 
* HY514400ALZ-60 
* HY5I4400ALZ-70 -
* HY514400ALZ-80 
HY5I4410AJ-60 
HY514410AJ-70 
HY514410AJ-80 
HY514410AT-60 
HY514410AT-70 
HY514410AT-80 
* HY514410AZ-60 
* HY514410AZ-70 
* HY514410AZ-80 
HY514410AU-60 
HY5I4410AlJ-70 
HY514410AlJ-80 
HY5I4410ALT-60 
HY514410ALT-70 
HY5I4410ALT-80 
* HY514410ALZ-60 
* HY5I4410ALZ-70 
* HY514410ALZ-80 
HY524800J-70 
HY524800J-80 

lM X 4 
lM X 4 
lM X 4 
lM X 4 

lM X 4 
lM X 4 
lM X 4 
lM X 4 
lM X 4 
lM X 4 
lM X 4 
lM X 4 

lM X 4 
lM X 4 
lM X 4 
lM X 4 

lM X 4 
lM X 4 

lM X 4 
lM X 4 
lM X 4 
IM X 4 

lM X 4 
lM X 4 

lM X 4 
lM X 4 

lM X 4 
lM X 4 
IM X 4 
IM X 4 
lM X 4 
lM X 4 
IM X 4 
lM X 4 
lM X 4 
lM X 4 

lM X 4 
IM X 4 

512K X 8 
512K X 8 

80 
100 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
60 
70 
80 
bJ 

70 
80 
70 
80 

QUICK REFERENCE 

ti>c 101}1 loo2 Ioru .tREF 
ns mA mA ril.A', ~ltYlns· 
50 95 2 1 1024/16 
50 85 2 1 I024/16 
60 75 2 1 1024/16 
40 110 2 1 1024/16 
45 100 2 I 1024/16 
55 90 2 1 1024/16 
40 110 2 1 1024/16 
45 100 2 1 1024/16 
55 90 2 1 1024/16 
40 110 2 1 1024/16 
45 IOO 2 1 1024/16 
55 90 2 1 1024/16 
40 110 2 02 1024/128 
45 100 2 02 1024/128 
55 90 2 02 I024/I28 
40 110 2 02 1024/128 
45 1® 2 02 1024/128 
55 90 2 02 I024/128 
40 110 2 02 1024/128 
45 IOO 2 02 1024/128 
55 90 2 02 1024/128 
40 110 2 1 1024/16 
45 100 2 1 1024/16 
55 90 2 1 1024/16 
40 110 2 1 1024/16 
45 100 2 1 1024/16 
55 90 2 1 1024/16 
40 110 2 1 1024/16 
45 100 2 1 1024/16 
55 90 2 1 1024/16 
40 110 2 02 1024/128 
45 100 2 02 1024/128 
55 90 2 02 1024/128 
40 110 2 02 1024/128 
45 100 2 02 1024/128 
55 90 2 02 1024/128 
40 110 2 02 1024/128 
45 100 2 02 1024/128 
55 90 2 02 1024/128 
45 135 2 1 1024/16 
50 115 2 1 1024/16 

20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP : 
20Pin ZIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 
28Pin SOJ 
28Pin SOJ 

REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation 

2 Refresh mode of all the a_bove DRAMs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden Refresh 
cycles. 

3. ( * ) under development 
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QUICK REFERENCE 

2. DRAM MODULE 

:6!Nsm' i: ..• :~~~C .... 
..... •.. .. . ~~:· .. • .·.·. j,~"' .·: ........ 
. . · · " ·. •· ; ';, "• ,~ i. I~ ·~oris ~~: lJ~J '.CO~R 

+.i.; ... •'i o:R~n~f::l;<nf ~ ti~A<.ku\ ~ ~ . :'~'*1 .~tnii~ .. '> t· ~«'~"" '', t': ·.' >' 

2M bit HYM5C8256M-70 256K X 8 70 50 560 16 8 256/4 30Pin Socket 
HYM5C8256M-80 256K X 8 80 55 480 16 8 256/4 30Pin Socket 
HYM5C8256M-10 256K X 8 100 60 400 16 8 256/4 30Pin Socket 
HYM5C8256M-12 256K X 8 120 70 360 16 8 256/4 30Pin Socket 
HYM58256AM-60 256K X 8 60 40 180 4 2 512/8 30Pin Socket 
HYM58256AM-70 256K X 8 70 40 160 4 2 512/8 30Pin Socket 
HYM58256AM-80 256K X 8 80 45 140 4 2 512/8 30Pin Socket 
HYM58256AM-10 256K X 8 100 55 I20 4 2 512/8 30Pin Socket 

2.25M bit HYM5C9256M-70 256K X 9 70 50 630 18 9 256/4 30Pin Socket 
HYM5C9256M-80 256K X 9 80 55 540 18 9 256/4 30Pin Socket 
HYM5C9256M-10 256K X 9 100 60 450 18 9 256/4 30Pin Socket 
HYM5C9256M;.12 256K X 9 120 70 405 18 9 256/4 30Pin Socket 
HYM59256AM-70 256K X 9 70 50 230 6 . 3 512/8 30Pin Socket 
HYM59256AM-80 256K X 9 80 55 200 6 3 512/8 30Pin Socket 
HYM59256AM-10 256K X 9 IOO 60 I70 

l 

6 3 5I2/8 30Pin Socket 
8M bit HYM58 I OOOM-(,() IM X 8 60 40 680 16. 8 512/8 30Pin Socket 

HYM58IOOOM-70 IM X 8 70 40 600 I6 8 5I2/8 30Pin Socket 
HYM58I OOOM-80 IM X 8 80 45 520 I6 8 5I2/8 30Pin Socket 
HYM58IOOOM-10 IM X 8 IOO 55 440 I6 8 5I2/8 30Pin Socket 
HYM58IOOOAM-70 IM X 8 70 50 I90 4 2 1024/i6 30Pin Socket 
HYM58IOOOAM-80 IM X 8 80 50 I70 4 2 I024/I6 30Pin Socket 
HYM58IOOOAM-IO IM X 8 IOO 60 ISO 4 2 1024/I6 30Pin Socket 
HYM58I OOOBM-60 IM X 8 60 40 220 4 2 1024/I6 30Pin Socket 
HYM58IOOOBM-70 IM X 8 70 45 200 4 2 1024/I6 30Pin Socket 
HYM58IOOOBM-80 IM X 8 80 55 I80 4 2 1024/I6 30Pin Socket 
HYM58IOOBLM.ffi IM X 8 60 40 220 4 0.4 1024/I28 30Pin Socket 
HYM58IOOBLM-70 IM X 8 70 45 200 4 0.4 1024/128 30Pin Socket 
HYM58IOOBLM-80 IM X 8 80 55 I80 4 0.4 1024/I28 30Pin Socket 

9M bit HYM59IOOOM-60 IM X 9 60 40 765 I8 9 5I2/8 30Pin Socket 
HYM59IOOOM-70 IM X 9 70 40 675 I8 9 5I2/8 30Pin Socket 
HYM59IOOOM-80 IM X 9 80 . 45 585 I8 9 5I2/8 30Pin Socket 
HYM591000M-10 IM X 9 IOO 55 495 I8 9 5I2/8 30Pin Socket 
HYM59IOOOAM-70 IM X 9 70 50 265 6 3 1024/I6 30Pin Socket 
HYM59IOOOAM-80 IM X 9 80 50 235 6 3 I024/16 30Pin Socket 
HYM59IOOOAM-IO IM X 9 IOO 60 205 6 3 1024/16 30Pin Socket 
HYM59IOOOBM-60 IM X 9 60 40 305 6 3 1024/I6 30Pin Socket 
HYM59IOOOBM-70 IM X 9 70 45 275 6 3 I024/16 30Pin Socket 
HYM59IOOOBM-80 IM X 9 80 55 245 6 3 1024/I6 30Pin Socket 
HYM59IOO)BLM.ffi IM X 9 60 40 305 6 0.6 I024/128 30Pin Socket 
HYM59100BLM-70 IM X 9 70 45 275 6 0.6 1024/128 30Pin Socket 
H\'M59IOO)BLM-80 IM X 9 80 55 245 6 0.6 1024/128 30Pin Socket 

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



QUICK REFERENCE 

DRAM MODUIE(continued) 
... 

Iom 101:?2 loos CONN)3CI,G~ 
DENSilY PART NO: 0RGAN1YA1JON 

tRAt tK. tm .. 
. mA v .. lYPJj, _; .. ns ns· triA mA cycle ms 

32M bit HYM58400lM-70 4M X 8 70 50 720 16 8 1024/16 30Pin Socket 

HYM58400lM-80 4M X 8 80 50 640 16 8 1024/16 30Pin Socket 

HYM58400lM-10 4M X 8 100 60 560 16 8 1024/16 30Pin Socket 

HYM58400lAM.(i) 4M X 8 60 40 840 16 8 1024/16 30Pin Socket 

HYM58400lAM-70 4M X 8 70 45 760 16 8 1024/16 30Pin Socket 

HYM58400lAM-80 4M X 8 80 55 680 16 8 1024/16 30Pin Socket 

HYM58400lALM.ffi 4M X 8 60 40 840 16 1.6 1024/128 30Pin Socket 

HYM58400lALM-70 4M X 8 70 45 760 16 1.6 1024/128 30Pin Socket 

HYM58400lALM-80 4M X 8 80 55 680 16 1.6 1024/128 30Pin Socket 

HYM532100M-70 lM X 32 70 50 760 16 8 1024/16 72Pin Socket 

HYM532100M-80 lM X 32 80 50 680 16 8 1024/16 72Pin Socket 

HYM532100M-10 lM X 32 100 60 600 16 8 1024/16 72Pin Socket 

36M bit HYM59400lM-70 4M X 9 70 50 810 18 9 1024/16 30Pin Socket 

HYM59400lM-80 4M X 9 80 50 720 18 9 1024/16 30Pin Socket 

HYM59400lM-10 4M X 9 100 60 630 18 9 1024/16 30Pin Socket 

HYM59400lAM.(i) 4M X 9 60 40 947 18 9 1024/16 30Pin Socket 

HYM59400lAM-70 4M X 9 70 45 855 18 9 1024/16 30Pin Socket 

HYM59400lAM-80 4M X 9 80 55 765 18 9 1024/16 30Pin Socket 

HYM59400)ALM.ffi 4M X 9 60 40 945 18 1.8 1024/128 30Pin Socket 

HYM59400lALM-70 4M X 9 70 45 855 18 1.8 1024/128 30Pin Socket 

HYM59400lALM-80 4M X 9 80 55 765 18 1.8 1024/128 30Pin Socket 

HYM536100M-70 lM X36 70 50 1046 24 12 1024/16 72Pin Socket 

HYM536100M-80 lM X36 80 50 940 24 12 1024/16 72Pin Socket 

HYM536100M-10 lM X36 100 60 820 24 12 1024/16 72Pin Socket 
REMARK : L 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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QUICK REFERENCE 

3. SRAM 

16K bit HY6116AP-85 

HY6116AP-10 

HY6116AP-12 

HY6116AP-15 

HY6116ALP-85 

HY6116ALP-10 

HY6116ALP-12 

HY6116ALP-15 

64K bit HY6264P;. 70 

HY6264P-85 

HY6264P-10 

HY6264P-12 

HY6264P-15 

HY6264J-70 

HY6264J-85 

HY6264J-10 

HY6264J-12 

HY6264J-15 

HY6264LP-70 

HY6264LP-85 

HY6264LP-10 

HY6264LP-12 

HY6264LP-15 

2-8 

HY6264Ll-70 

HY6264Ll-85 

HY6264Ll-10 

HY6264Ll-12 

HY6264Ll-15 

HY6264AP-70 

HY6264AP-85 

HY6264AP-10 

HY6264AP-12 

HY6264AP-15 

HY6264AJ-70 

HY6264AJ-85 

HY6264AJ-10 

HY6264AJ-12 

HY6264AJ-15 

2K X 8 

2K X 8 
2K X 8 
2K X 8 

2K X 8 

2K X 8 

2K X 8 

2K X 8 
8K X 8 

8K X 8 

8K X 8 
8K X 8 

8K X 8 

8K X 8 

8K X 8 

SK X 8 

8K X 8 

8K X 8 

8K X 8 

8K X 8 

8K X 8 

8K X 8 

8K X 8 

·8K X 8 

8K X 8 
SK XS 

8K X 8 

8K XS 

SK X 8 

8K X 8 

SK XS 

SK XS 

SK XS 

SK XS 

8K XS 

SK X 8 

8K X 8 

SK XS 

85 60 3 50NA 

100 60 3 50 NA 

120 60 3 50 NA 

150 60 3 50 NA 

S5 60 3 5 2 

100 60 3 5 2 

120 60 3 5 2 

150 60 3 5 2 
70 70 3 200) NA 

S5 70 3 200) NA 

100 70 3 200) NA 

120 70 3 200) NA 

150 70 3 200) NA 

70 70 3 200) NA 

S5 70 3 200) NA 

100 70 3 200) NA 

120 70 3 200) NA 

150 70 3 200) NA 

70 70 3 100 2 

85 

100 

120 

150 

70 

70 3 

70 3 

70 3 

70 3 

70 3 

100 2 

100 ' 2 

100 2 

100 2 

100 2 

85 70 3 100 2 

100 70 3 100 2 

120 70 3 100 2 

150 70 . 3 100 2 

70 50 2 lOOl NA 

S5 50 2 100) NA 

100 50 2 100) NA 

120 50 2 100) NA 

150 50 2 100) NA 

70 50 2 100) NA 

85 50 2 lOOl. NA 

100 50 2 100) NA 

120 50 2 100) NA 

150 50 2 HID NA 

NA 

NA 

NA 

NA 

2 
2 

2 
2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

~A 

NA 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

24Pin PDIP 

2SPin PDIP 

28Pin PDIP 

28Pin PDIP 

28Pin PDIP 

2SPin PDIP 

'.28Pin SOP 

2SPin SOP 

2SPin SOP 

2SPin SOP 

2SPin SOP 

28Pin PDIP 

28Pin PDIP 

2SPin PDIP 

2SPin PDIP 

28Pin PDIP 

28Pin SOP 

28Pin SOP 

2SPin SOP 

2SPin SOP 

2SPin SOP 

2SPin PDIP 

2SPin PDIP 

28Pin PDIP 

2SPin PDIP 

2SPin PDIP 

2SPin SOP 

28Pin SOP 

28Pin SOP 

28Pin SOP 

28Pin SOP 



QUICK REFERENCE 

SRA1\1(connnued) 
<' .. \ . . •.. ;r. ,,...,,; .·.• ·.:/ .. 

tAA. ~I lsB Issi VoR lccoR · t>E.Nsnx~ 
!? P.ARif'lifO ORGmIZAUON 

mA mA ,µA v µA 
.. PACKAGE 

. ;·: ·.•. ,· i .: _. ·<~. ns 
64K bit HY6264ALP-70 8K X 8 70 50 2 100 2 50 28Pin PDIP 

HY6264ALP-85 8K X 8 85 50 2 100 2 50 28Pin PDIP 

HY6264ALP-10 8K X 8 100 50 2 100 2 50 28Pin PDIP 

HY6264ALF-12 8K X 8 120 50 2 100 2 50 28Pin PDIP 

HY6264ALP-15 8K X 8 150 50 2 100 2 50 28Pin PDIP 

HY6264ALl-70 8K X 8 70 50 2 100 2 50 28Pin SOP· 

HY6264ALl-85 8K X 8 85 50 2 100 2 50 28Pin SOP 

HY6264ALl-10 8K X 8 100 50 2 100 2 50 28Pin SOP 

HY6264ALl-12 8K X 8 120 50 2 100 2 50 28Pin SOP 

HY6264ALl-15 8K X 8 150 50 2 100 2 50 28Pin SOP 

HY6264ALLP-70 SK X 8 70 50 2 50 2 5 28Pin PDIP 

HY6264ALLP-85 8K X 8 85 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 50 2 50 2 5 28Pin PDIP 

HY6264ALLP-15 8K X 8 150 50 2 50 2 5 28Pin PDIP 

HY6264ALLJ-70 8K X 8 70 50 2 50 2 5 28Pin SOP 

HY6264ALLJ-85 8K X 8 85 50 2 50 2 5 28Pin SOP 

HY6264ALLJ· 10 8K X 8 100 50 2 50 2 5 28Pin SOP 

HY6264ALLJ-12 8K X 8 120 50 2 50 2 5 28Pin SOP 

HY6264ALLJ-15 SK XS 150 50 2 50 2 5 2SPin SOP 

256K bit HY62C256P-85 32K X 8 85 70 3 l(XX) NA NA 28Pin PDIP 

HY62C256P-10 32K X 8 100 70 3 HID NA NA 28Pin PDIP 

HY62C256P-12 32K X 8 120 70 3 l(XX) NA NA 28Pin PDIP 

HY62C256P-15 32K X 8 150 70 3 l(XX) NA NA 28Pin PDIP 

HY62C256J-85 32K X 8 85 70 3 l(XX) NA NA 28Pin SOP 

HY62C256J-10 32K X 8 100 70 3 l(XX) NA NA 28Pin SOP 

HY62C256J-12 32K X 8 120 70 3 l(XX) NA NA 28Pin SOP 

HY62C256J-15 32K X 8 150 70 3 l(XX) NA NA 28Pin SOP 

HY62C256LP-85 32K X 8 85 70 3 100 2 50 28Pin PDIP 

HY62C256LP-10 32K X 8 100 70 3 100 2 50 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 

HY62C256LJ-85 32K X 8 85 70 3 100 2 50 28Pin SOP 

HY62C256LJ-10 32K X 8 100 70 3 100 2 50 28Pin SOP 

HY62C256LJ-12 32K X 8 120 70 3 100 2 50 28Pin SOP 

HY62C256LJ-15 32K X 8 · 150 70 3 100 2 50 28Pin SOP 

HY62256AP-70 32K X.8 70 70 2 l(XX) NA NA 28Pin PDIP 

HY62256AP-85 32K X 8 85 70 2 l(XX) NA NA 28Pin PDIP 

HY622-56AP-10 32K X 8 100 70 2 l(XX) NA NA 28Pin PDIP 

HY62256AP-12 32K X 8 120 70 2 l(XX) NA NA 28Pin PDIP 
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QUICK REFERENCE 

SRA1\1(connnued) 
: 

' ' : ''· ... ·, 
tAA Icci lsB lsBl VnR IccnR DENSI'F't PARTNO ORGANlzA.110N 

mA mA µA v µA PACKAGE 
" > _'C 

:rts .·. 

256K bit HY62256AJ-70 32K X 8 70 70 2 um NA NA 28Pin SOP 
HY62256AJ-85 32K X 8 85 70 2 um NA NA 28Pin SOP 
HY62256AJ-10 32K X 8 100 70 2 100> NA NA 28Pin SOP 
HY62256AJ-12 32K X 8 120 70 2 100> NA NA 28Pin SOP 
HY62256ALP-70 32K X 8 70 70 2 100 2 50 28Pin PDIP 
HY62256ALP-85 32K X 8 85 70 2 100 2 50 28Pin PDIP 
HY62256ALP-10 32K X 8 100 70 2 100 2 50 28Pin PDIP 
HY62256ALP-12 32K X 8 120 70 2 100 2 50 28Pin PDIP 
HY62256AIJ-70 32K X 8 70 70 2 100 2 50 28Pin SOP 
HY62256AIJ-85 32K X 8 85 70 2 100 2 50 28Pin SOP 
HY62256AIJ-10 32K X 8 100 70 2 100 2 50 28Pin SOP 
HY62256AIJ-12 32K X 8 120 70 2 100 2 50 28Pin SOP 
HY62256ALLP-70 32K X 8 70 70 2 50 2 20 28Pin PDIP 
HY62256ALLP-85 32K X 8 85 70 2 50 2 20 28Pin PDIP 
HY62256ALLP-10 32K X 8 100 70 2 50 2 20 28Pin PDIP 
HY62256ALLP-12 32K X 8 120 70 2 50 2 20 28Pin PDIP 
HY62256ALU-70 32K X 8 70 70 2 50 2 20 28Pin SOP 
HY62256ALU-85 32K X 8 85 70 2 50 2 20 28Pin SOP 

· HY62256ALU-10 32K X 8 100 70 2 50 2 20 28Pin SOP 
HY62256ALU-12 32K X 8 120 70 2 50 2 20 28Pin SOP 

IM bit * HY628100P-70 128K X 8 70 70 3 200) NA NA 32Pin PDIP 
* HY628100P-85 128K X 8 85 70 3 200) NA NA 32Pin PDIP 
* HY628100P-10 128K X 8 100 70 3 200) NA NA 32Pin PDIP 
* HY628100P-12 128K X 8 120 70 3 200) NA NA 32Pin PDIP 
HY628100.J-70 128K X 8 70 70 3 200) NA NA 32Pin SOP 
HY628100.J-85 128K X 8 85 70 3 200) NA NA 32Pin SOP 
HY628100.J-10 128K X 8 100 70 3 200) NA NA 32Pin SOP 
HY628100.J-12 128K X 8 120 70 3 200) NA NA 32Pin SOP 
* HY628100LP-70 128K X 8 70 70 3 100 2 50 32Pin PDIP 
* HY628100LP-85 128K X 8 85 70 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 
HY628100U-70 128K X 8 70 70 3 100 2 50 32Pin SOP 
HY628100U-85 128K X 8 85 70 3 100 2 50 32Pin SOP 
HY628100U-10 128K X 8 100 70 3 100 2 50 32Pin SOP 
HY628100U-12 128K X 8 120 70 3 100 2 50 32Pin SOP 
* HY628100LLP-70 128K X 8 70 70 3 50 2 30 32Pin PDIP 
* HY628100LLP-85 128K X 8 85 70 3 50 2 30 32Pin PDIP 
* HY628100LLP-10 128K X 8 100 70 3 50 2 30 32Pin PDIP 
* HY628100LLP-12 128K X 8 120 70 3 50 2 30 32Pin PDIP 
HY628100LU-70 128K X 8 70 70 3 50 2 30 32Pin SOP 
HY628100LU-85 128K X 8 85 70 3 50 2 30 32Pin SOP 
HY628100LU-10 128K X 8 100 70 3 50 2 30 32Pin SOP 
HY628100LU-12 128K X 8 120 70 3 50 2 30 32Pin SOP 

REMARK: ( *) available from the 1st Quarter 1993. 

2-10 



QUICK REFERENCE 

4. MASK ROM 
; ' <. 

pENSffY:: ··• 

4M bit 

5. EEPROM 

PART NO ORGANIZATION 

HY234(XX)P-15 512K X 8 

HY234(XX)P-20 512K X 8 

HY234(XX)P-25 512K X 8 

HY23400lJ-15 512K X 8 

HY23400lJ-20 512K X 8 

HY23400lJ-25 512K X 8 

HY234001P-15 512K X 8 

HY234001P-20 512K X 8 

BY234001P-25 512K X 8 

HY234001J-15 512K X 8 

HY234001J-20 512K X 8 

HY234001J-25 512K X 8 

HY234100P-15 512K X 8/256K X 16 

HY234100P-20 512K X 8/256K X 16 

HY234100P-25 512K X 8/256K X 16 

.• OPERATING 
TEMPERA,TIJRE. 

ACCESS 
MODE·•! 

Ice 
lltA. 

tAA• l<:c' IS!li 
ns mA mA 

150 15 2 

200 15 2 

250 15 2 

150 15 2 

200 15 2 

250 15 2 

150 15 NA 
200 15 NA 
250 15 NA 
150 15 NA 
200 15 NA 
250 15 NA 
150 20 2 

200 20 2 

250 20 2 

CLOCK Vpp REIEN~ 

FI¢Q.' y 
I 

;TIQN .· 

'"'"- > KHz.;,,_ TIME" RANGE 

lK bit HY93C46S 

HY93C46.J 

HY93C46ES 

HY93C46FJ 

6. EEPID 

DENSilY·: 
. 

INPUT 

~ 

HY18CV8S-25 10 

HY18CV8S-30 10 

HY18CV8S-35 10 

1/0 

8 

8 

8 

~· 

0 to 70°C 

0 to 70°C 

-40 to 85°C 

-40 to 85°C 

MACRO 

serial 

serial 

serial 

serial 

PROGRA-
CELL. 

,.> ;. ! •• ! 

.MM<\B~E 

ARRAY 
8 AND 

8 AND 

8 AND 

3 250 5 10 year 
3 250 5 10 year 
3 250 5 10 year 
3 250 5 10 year 

PRODUCT. 
· .... 

lcCAT 
1ERM.,:K . ·. r:< \! "'niA:' 

INPUTARRAY @lOMHz 

74 x 36 32 

74 x 36 32 

74 x 36 32 

IsB2 . I . PACKAGE ! 

µA 
j_ 

100 32Pin PDIP 

100 32Pin PDIP 

100 32Pin PDIP 

100 32Pin SOP 

100 32Pin SOP 

100 32Pin SOP 

NA 32Pin PDIP 

NA 32Pin PDIP 

NA 32Pin PDIP 

NA 32Pin SOP 

NA 32Pin SOP 

NA 32Pin SOP 

100 40Pin PDIP 

100 40Pin PDIP 

100 40Pin PDIP 

ERASF/ 
WRHE· <J>ACKAGE 

I· cY@I$•· 

10,000 8Pin PDIP 

10,000 8Pin SOP 

10,000 8Pin PDIP 

10,000 8Pin SOP 

lcCAC 
!!! 

·.~•'.niA: .. P.\CKAGE 
@ioMHz 

.£.. .•.: ! 

27 20 Pin PDIP 

27 20 Pin PDIP 

27 20 Pin PDIP 
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DESCRIPTION 

The HY53C256 is a high speed 262,144X 1 
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 
Cioos). 

All inputs and outputs are TIL 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 SO ns. Because of sta
tic circuitry, the CAS clock is not in the critical 
timing path. The flow-through column address 
latches allow address pipelining while relaxing 
many critical system timing requirements for 
fast usable speed. These features make the 
HY53C256 design is optimized suited for cache 
based mainframe and minicomputers, gra
phics, digital signal processing and high perfor
mance microprocessor systems. 

The HY53C256L offers a maximum data re
tention power of 5 mW when operating in 
CMOS standby mode and performs RAS-only 
or CAS-before-RAS refresh cycles. This mode 
is entered by holding RAS at a voltage greater 
than V oo-0.2 when it is inactive. 

BIOCK DIAGRAM 

AoO-+ 

B 
ON-CHIP 

ADDRESS COUNTER 

VBB GENERATOR 

RAS CLOCK WRITE CLOCK· 
GENERATOR GENERATOR 

DATA OUTPUT 
BUFFER 

DATA INPUT 
BUFFER 

M111201 B·JAN92 

FEATURES 
• Low power dissipation for HY53C256L 

Operating Current, lOOns: 50mA (max.) 
- TIL Standby Current: 2mA (max.) 
- CMOS Standby Current: lmA (max.) 

• Read-Modify-Write Capability 
•RAS-only, Hidden, CAS-before-RAS 

Refresh Capability 
• Common 1/0 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) 

HYSJC.256-70 HYSJC.256-80 HY53C256-10 HY53C256-12 

Max RAS Access 70 80 100 120 Time, tRAc 

Max CAS Access 15 20 25 30 Time, tcAc 

Min Fast Page Mode 50 55 60 70 Cycle Time, tpe 

Min Cycle Time, tRc 130 145 175 205 

PIN CONNECTIONS 
~ I(/) ~ Q) (/) <( 

0 <t: > (.) 
As Vss 

CAS 

WE DouT WE DouT 

As RAS As 
NC NC 

Ao AJ Ao AJ 
A2 A2 A4 

A, As 
8 9 10 11 

<i. ~ .;( .£ 
·PDIP PLCC 

PIN NAMES 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Ao-As ADDRESS INPUT 

D1N DATA INPUT 

DouT DATA OUTPUT 

VDo POWER (+SV) 

Vss GROUND 
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HY53C256 262,144X 1-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS< 0 

SYMBOL 
Ambient Temperature Under Bias 0 to 70 QC 

Tsrn Storage Temperature( Plastic) -SS to 12S QC 

Voltage on Any Pin Except V no Relative to V ss -1.0 to 7.0 v 
Voo Voltage on Von Relative to V ss -1.0 to 7.0 v 
lo UT Data Out Current so mA 

Power Dissipation 1.0 w 
NOTE: 
I. Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

DC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

= I 
~ . "l .... fN5JCi56 . · .. · ., 

SYMBOL PARAMETER ·TEST··CQNUrrt~NS SPEED. ,,MtN •.. ·MAX.····· •lJNtf. :I 
1.NOTE 

I Iu I Input Leakage Current(any input pin) Vss~.V1N~Voo - 10 µA 

I hol 
Output Leakage Current for VssS.DoUT~Voo - 10 µA 
High Impedance State RAS, CAS at VIH 

-70 - 70 

-80 - 60 
loot Von Supply Current, Operating tRc=tRc(min.) mA 1,2 

-10 - so 
-12 - 4S 

RAS, CAS at V IH, HYS3C256 - 3 
1002 Von Supply Current, TTL Standby 

other inputs2. V ss 
mA 

HYS3C256L - 2 

-70 - 70 

Von Supply Current, -80 - 60 
1003 

RAS-only Refresh 
tRc=tRc(min.) mA 2 

-10 - so 
-12 - 4S 

-70 - 4S 

Von Supply Current, -80 - 40 
1004 Minimum Cycle mA 1,2 

Fast Page Mode -10 - 3S 

-12 - 30 

Von Supply Current, RAS2. Voo-0.2V, CAS= HYS3C256 - 2 
Ions mA 

CMOS Standby VIH, other inputs.L.Vss HYS3C256L - 1 

-70 - 70 

Von Supply Current, -80 - 60 
Im>6 tRc = tRc(min) mA 2 

CAS-Before-RAS Refresh -10 - so 
-12 - 4S 

V1L Input Low Voltage(all inputs) -1 0.8 v 
VIH Input High Voltage(all inputs) 2.4 Voo+l v 

Vot. Output Low Voltage lot.=4.2mA - 0.4 v 

VoH · Output High Voltage loH=-SmA 2.4 - ·V 

NOTES: 
I. loo is dependent on output loading when the device output is selected. Specified loo(max.) is measured with the output open. 
2. loo is dependent upon the number of address transitions. Specified loo(max.) is measured with a maximum of two transitions per address cycle in Fast Page 

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

AC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otherwise noted.) 

I> ' : -,,.. 

HY53C256-7e H\'5.lC~ Ri'S3c256-10 ,nYSlC5l2: 
)t s\'Mool. PARAMETER 

MIN~ MAx '' ,,~ 

MIN. Mu. UNIT NOTE 
2l L _::';_ -'- ~ 

MIN. MAX. MJN, MAX. i' 
1 tRAS RAS Pulse Width 70 75K 80 75K 100 75K 120 75K OS 

2 tRc Read or Write Cycle Time 130 - 145 - 175 - 205 - ns 

3 tRP RAS Precharge Time 50 - 55 - 65 - 75 - ns 

4 tASR R.ow)Address Setup Time 0 - 0 - 0 - 0 - ns 

5 tRAH Row Address Hold Time 15 - 15 - 15 - 20 - ns 

6 tRAL Column Address to RAS Lead Time 35 - 40 - 45 - 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 tcAH Column Address Hold Time 15 - 15 - 20 - 25 - ns 

10 tRCD RAS to CAS Delay 25 55 25 ()() 25 75 30 90 ns 2 Ill 
11 tRAc Access Time from RAS - 70 - 80 - 100 - 120 ns 3,4,5 

12 tAA Access Time from Column Address - 35 - 40 - 45 - 55 ns 5,6,12 

13 tcAC Access Time from CAS - 15 - 20 - 25 - 30 ns 5,12 

14 tcAS(R) CAS Pulse Width in Read Cycle 15 75K 20 75K 25 75K 30 75K ns 

15 tRSH(R) RAS Hold Time in Read Cycel 15 - 20 - 25 - 30 - ns 

16 tRcs Read Command Setup Time 0 - 0 - 0 - 0 - OS 

17 tRcH Read Command Hold Time Referenced to CAS 5 - 5 - 5 - 5 - ns 7 

18 tRRH Read Command Hold Time Referenced to RAS 5 - 5 - 5 - 5 - ns 7 

19 tcRP CAS to RAS Precharge Time 15 - 15 - 15 - 20 - ns 

20 to FF Output Buffer Tum Off Delay 0 15 0 20 0 25 0 30 ns 8 

21 toH Data Hold Time From CAS 0 - 0 - 0 - 0 - ns 8 

22 tWP Write Pulse Width 15 - 15 - 20 - 25 - ns 

23 tcP CAS Precharge Time 15 - 15 - 20 - 25 - ns 

24 tAR Column Address Hold Time From RAS 55 - ()() - 70 - 80 - OS 

25 tcAS(W) CAS Pulse Width in Write Cycle 20 - 25 - 30 - 35 - ns 

26 tRSH(W) RAS Hold Time in Write Cycle 25 - 25 - 30 - 35 - ns 

27 twcR Write Command Hold Time from RAS 55 - 60 - 70 - 80 - ns 

28 twcs Write Command Setup Time 0 - 0 - 0 - 0 - OS 9,10 

29 twcH Write Command Hold Time 15 - 15 - 20 - 25 - ns 

30 tns Data In Setup Time 0 - 0 - 0 - 0 - OS 11 

31 tnH Data In Hold Time 15 - 15 - 20 - 25 - ns 11 

32 tnHR Data In Hold Time Referenced to RAS 55 - 60 - 70 - 80 - ns 

33 tRwc Read-Modify-Write Cycle Time 155 - 175 - 210 - 245 - ns 

34 tRRW Read-Modify-Write Cycle, RAS Pulse Width 95 - 110 - 135 - l(i() - ns 

35 tRWD RAS to WE Delay in RMW Cycle 70 - 80 - 100 - 120 - ns 9 

36 tcwn CAS to WE Delay 15 - 20 - 25 - 30 - ns 9 

37 tAWD Column Address to WE Delay 35 - 40 - 45 - 55 - ns 9 

38 tcAP Access Time from Column Precharge - 45 - 50 - 55 - 65 ns 12 
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HY53C256 262,144X I-Bit CMOS DRAM 

39 tpc Fast Page Mode Read or Write Cycle Time 50 55 60 70 OS 

40 tPCM Fast Page Mode Read-Modify-Write Cycle Time 75 85 95 110 OS 

41 tRWL Write Command to RAS Lead Time 20 25 30 35 OS 

42 lcWL Write Command to CAS Lead Time 20 25 30 35 OS 

43 tRPC RAS to CAS Precharge .Time 0 0 0 0 OS 

44 lcsR CAS Setup Time, CAS-before-RAS Refresh 10 10 10 10 OS 

45 lcHR CAS Hold Time, CAS-before·RAS Refresh 20 25 30 40 OS 

46 lcSH CAS Hold Time 70 80 100 120 OS 

Transition Time(Rise and Fall) 3 25 3 25 3 25 3 25 OS 13 

Refresh Interval(256 Cycles) 4 4 4 4 ms 14 

NOTF.S: 

I. Operation within the IRAo(max.) limit ensures that IRAc(max.) can he met. IRAo(max.) is specified as a reference point only. If IRAD is greater than the specified 

IRAo(max.) limit, the access time is controlled by tAA and ICAC· 

2. tRco(max.) is specified for reference only. Operation within IRco(max.) limits insures that IRAc(max.) and tAA(max.) can be met. If IRCD is greater than the 

specified tRcoCmax.), the access time is controlled by tAA and tcAC· 

3. Assumes that IRA~IRAo(max.). If IRAD is greater than IRAo(max.), IRAC will increase by the amount. that IRAD exceeds tRAo(max.). 

4. Assumes that IRc~tRco(max.). If IRCD is greater than IRcoCmax.), IRAC will increase by the amount that IRCD exceeds tRco(max.). 
5. Measured with a load equivalent lo two TTL inputs and 100 pF in parallel. 

6. Assumes that tRA02..tRAo(max.). 

7. Either IRRH or IRCH must be satisfied for a Read Cycle to occur. 

8. '<>FF and ION define the time at which Dour reaches an open circuit condition and are not referenced to the output volt.age levels. 

9. twcs• IRWO• IAWD and tcwo are not restrictive operating parameters. 
10. twcsC min.) must be satisfied in an Early Write Cycle. 

11. tos and l[)H are referenced to the laner occurrence of CA'S or WE 
12. Access· time is deterrnined by the longer of tAA, '<."AC or tc AP· 
13. IT is measured between Vm(min.) and Vn_Cmax.). AC measurements assume tr=S ns. 

14. An initial 2(Hlµs pause and 8 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. 

CAPACITANCEco 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL 
: 

<PARAMETER . 
_;;_ 

TYP.· MAX UNIT 

C1N1 Address, D1N - 6 pf 

C1N2 RAS, CAS, WE - 8 pf 

Cm1T DouT - 8 pf 

-.on:: 
1. Capacit.ant·e is measured at the worst case of voltage levels witb a programmable capacitance meter. 
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HY53C256 262,144X 1-Bit CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 

V1H 
A-0-Ae 

V1L 

CAS 
V1H 

V1L 

WE 
V1H 

V1L 

VoH-

l--------------------IAC(2)-----------------<•I 

1---------------IAAS(1)------------1 

•--------IAAL(6)-4--------I 

--+-------•-ICAS(A)(14)

IACS(16)-l 

-ICAC(13)-

·----- IAA(12)-----· 

1----------IRAC(11),----------•1 

IRAH(18) 

-IACH(17)-

Dour VoL----------------HIGH-z---------11 VALID DATA OUT 

•------------ICSH(46)----------·l•----loH(21)-----•1 

EARLY WRITE CYCLE 

1--------------------IAC(2)--'---------------___, ... 1 

1--------------IRAS(1)--------------1 

V1H 
RAS 

V1L 

ICAH(9)+ 
V1H COLUMN A-0-Ae 
V1L ADDRESS 

-tASC(B) 

V1H 
CAS 

V1L 

IACD(10) 

lcSH(46) 

- twcH(29) 

V1H 
WE V1L 

Dour 
VoL--
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HY53C256 262,144X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

Ao-As 

wg 

D1N 

Dour 

J'V1H 

V1L 

V1H 

V1L 

VoH 

VoL 

l------------------IRWCi33i-------------------+I 

---....i 1+---------------IRRWi34J-------------• ~--------.! 

-tRWL(41)-

lcRP(19)-

•-------IAAl121 -------• 

1----------IRAC1111---------1 IOFF(20i 

--------------~HIGH-Z---------------CJ VALID DATA OUT 

FAST PAGE MODE READ CYCLE 

CAS 

Ao-As 

Dour 
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V1H 

V1L 

V1H 

V1L 

VoH 

VoL 

•------------------IRAS111-------.,,._ __________ , 

•-----lcSHi46) ___ _ 

•------IPC1391-----1 

-lcP(23) 

-tcACi13i-

lcAPi3S)-

1--------IRACP11-

-------HIGH-z----"'11 '!"IJ----------o(l~Ay~ I>-----



HY53C256 262,144X I-Bit CMOS DRAM 

FAST PAGE MODE WRITE CYCLE 

V1H 

~ 
V1L 

V1H 

Ao-A a 
V1L II 

--tRSH)Wli261-

tos1301-+ loS)30i- tos130,_. 

ViH _"'rl~~...,.."" II-----... ,..,...,..,...,..""tr-----"" l'~~~ .... I~ 11...;..----...i ~--------

V1L -_ ...... ____ ~----~ '-'-4.'--'..11'------.it" ......... ~ ..... ...;Jj"" J'o-----"'I "'~""""'-""""""'-"""""''-"""""~ 
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HY53C256 262,144Xl-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

l«ASl11 

V1H 

RAS V1L 

IPCMi401 - lcPi231 
-tcP(23J 

IFlWLi411--+ 

V1H 

GAS 
V1L 

lcAH(9J -- lcAH(9J 

lcWLi421 
tcwL1•21 tcwL1•21 

-tAA(12) 

--tRACi111-
4--IOFF1201 

VoH 

Dour VOL _----HIGH-Z VALID DATA OUT VALID DATA OUT VALID DATA OUT 
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HY53C256 262,144Xl-Bit CMOS DRAM 

RAS-ONLY REFRESH CYCLE 

tRC(2) 

tRAS(1) 

'RAS 
V1H 

Vil 

-IRAH(S)-

-t~R(4) 

Ao-Ae V1H -

Vil 

CAS 

DouT 
VoH - HIGH-Z 
Vol - • 

CAS-BEFORE-RAS REFRESH CYCLE 

IRC(2) 

tRAS(1) 

V1H-

"RAS 
Vil -

-tRP(3)-

-tRPC(43)-

.._tcP(23)- tcHR(45) 

GAS" 

VoH -~~·-~ 
Dour 

Vol-
HIGH-Z 

3-9 



HY53C256 262,144X 1-Bit CMOS D~ 

HIDDEN REFRESH CYCLE (READ) 

----.i •--------IRAS(1)-------• i----.....i l-------IRAS(11-------+I 

-tRCD(10)- -tRSH(R)(15)-

•------lcHR(45J--------<~I 

-tASC(B) 

IRAL(S)-

-tRAD(7)- -tcAH(9) 

-IAA(12)-

------IRAC(111----..-1 
IOFF(20) -

Dour --------HIGH-Z------~ VALID DATA OUT 

HIDDEN REFRESH CYCLE (WRITE) 
----\! 1+--------IRAS(1)------+I 1,------..ij l•-------IRAS(1)------1 

I l'"--------------"""I --tRP(3)-I l'"---------------1 

-tRCD(10)_,_IRSH(W)(26)-

lcRP(19) I 1------lcHR(45)--------<~I 

V1H 

CAS 
V1L 

-tASC(B) 

IAR(24) 

IASR(4) - - ICAH(9) 

-IRAH(5)_. 

V1H 

Ao-A a 
V1L 

lwCR(27) 

V1H-

WE 
V1L -

Dour 
VoL-
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HY53C256 262,144 XI-Bit CMOS DRAM 

CAS-BEFORE.."'.lf'AS ~REFRESH COUNTER TEST CYCLE 

RAS" VIH 

V11.. 

CA5 
VIH 

VIL 

A<J-Aa 
VIH 

V11.. 

READ CYCLE • __.. lcAC(13i - IOFF(20i 

Dour VoH -

VOL -

~~~~~~~~--..... ~ .. 
VALID DATA OUT 

WE 
V1H 

V11,. 

WRITE CYCLE 

Dour 
VOH -

VOL - HIGH-Z 

-IWCH(29) ... 

WE 
V1H 

V11.. 

DIN 
-k· ---foS1JOl-7zzzzzzzzzzzzzzzz J VAUODATAIN qzzzzzzzzzzzzzh 
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HY53C256 262,144X I-Bit CMOS DRAM 

FUNCTIONAL DESCRIPfION 

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 1RP/b 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, tAA and tcAc· For example, the ac
cess time is limited by tAA 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 A1) 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 a~cess or device selection is al
lowed. Thus, Dour will remain in the 
High-Z state during the cycle. 
ACAS-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 HY53C256 offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V1L and an "extra 
high" Vm within 0.2V of Yoo. While the RAS 
clock is at the "extra high" level, the HY53C256 
power consumption is reduced to the low Ioos 
level. Overall loo consumption when operating 
in this mode can be calculated as follows : 

I= (tRc) X (I active)+ (tRX-tRc) X Cloos) 
tRX 

Where tRc =Refresh Cycle Time 
tRX =Refresh Interval/256 



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 h 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 tcAP 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 tcAP 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 tAA. 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: 

Data Rate= --5-
1
-
2
-

tRc+ 511 XtPc 

HY53C256 262,144X I-Bit CMOS DRAM 

DATA OUTPUT OPERATION 

The HY53C256 data output pin(Dour) has a 
three-state capability and is controlled by CAS. 
When CAS is high(~ Ym), 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 Yoo an initial pause of 
200µs is required followed by a minimum of 8 
initia~ization 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 Yoo 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 loo will exhibit current transients. It is re
commended that RAS and CAS track with V oo 
or be held at a valid Ym during power on to 
avoid current surges. 
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HY53C256 262,144X 1-Bit CMOS DRAM 

TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES 

<': ~ --~yq,E,,J:WE , I .- D()ut•STAm:· ._. ::::.c __ , ,;: :-_-· ---

Read Cycle Data from Addressed Memory Cell 

CAS-Controlled 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 

Ao-As 

Dour 

,..,_.__tcAP_____.,b ,_tAA -------·L 
------HIGH-z-----ci~>------------"41~>-------
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HY53C256 262,144X 1-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 16 PIN PIASTIC DUAL IN LINE PACKAGE-300 MIL 

0.775(19.685) 

0.755(19.177) 

---i 1 0.021(0.533) 
· I 0.015(0.381) 

• 18 PIN PIASTIC LEADED CIDP CARRIER-330 MIL 

0.535( 13.589) 
·-----0.520(13.208) ____ __ 

n 
ccicci 

!! 

l~~-
0.032(0.812) 
0.026(0.661) 

0.01 ~(0.331) 0.465(11.811) 

0.422(10.719) 

T 

0.300BSC 

(7.626) 

0.270(6.858) 

0.250(6.350) 

MAX. 
UNIT: INCH(mm) -

MIN. 

MAX. 
UNIT: INCH(mm) -

MIN. 
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DESCRIPTION 

The HYS3C464 is a high speed 6S,S36X4 
bit CMOS dynamic random access memory. 
Fabricated with HYUNDAI CMOS techno
logy, the HYS3C464 offers a fast page mode 
for high data bandwidth, fast usable speed, 
CMOS standby current and, on request exte
rted 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( X 4) bits within a row with 
cycle times as fast as SO ns. Because of static 
circuitry, the CAS clock is not in the critical 
timing path. The flow-through column address 
latches allow address pipelining while relaxing 
many critical system timing requirements for 
fast usable speed. These features make the 
HYS3C464 design is optimized suited for gra
phics, digital signal processing and high perf or
mance computing system. 

The HYS3C464L offers a maximum data re
tention power of Sm W when operating in CMOS 
standby mode and performs RAS-only or CAS
before-RAS refresh cycels. This mode is ente
red by holding RAS at a voltage greater than 
V oo-0.2 when it is inactive. 

BWCK DIAGRAM 

ON-CHIP 
ADDRESS COUNTER 

RESTORE 

EQUALIZER 

MEMORY ARRAY 

~:=: .. I _va_a_GE_N_ER-AT-OR__, 

110 
BUFFER 

M1212028-JAN92 

FEATURES 

• L-Ow power dissipation for HY53C464L 
- Operating Current, lOOns: 50mA (max.) 
- TTL Standby Current: 2mA (max.) 
- CMOS Standby Current: lmA (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) 

HYSJC464-70 HYSJC464-80 HYSJC464-10 HYS3C464-12 

Max.RAS Access 70 80 100 120 Time, tRAc 

Max. CAS Access 25 30 35 40 Time, tcAc 

Min .. Fast Page Mode 50 55 65 75 Cycle Time, tPC 

Min.Cycle Time, tRc 130 145 175 205 

PIN CONNECTIONS 

llOo 
!!O, 
110;-

1103 

A5 

Vss 
01w ::lQ :::::, 0 > -

CAS" 110, CAS 

1/02 WE 1/02 

Ao 
AAS Au 

As A, 
A, As A2 

A2 8 9 10 11 
A3 

...,. 0 ...... ~ 

A, 
<{ >o <{ <{ 

PLCC 
P DIP 

PIN NAMES 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-A1 ADDRESS INPUT 

l/Oo-1/03 DATA INPUT OUTPUT 

Voo POWER (+SV) 

Vss GROUND 
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HY53C464 65,536 X 4· Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL 
"T 

·PARAMETER .•~TING········ I UNIT . .. 
TA Ambient Temperature Under Bias 0 to 70 't 

TsTG Storage Temperature(Plastic) -SS to 12S oc 

VTERM Voltage on Any Pin Except Yoo Relative to Vss -1.0 to 7.0 v 
Yoo Voltage on V DD Relative to V ss -1.0 to 7.0 v 
lo UT Data Out Current so mA 

PT Power Dissipati<?n 1.0 w 
NOTE: 
I. Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

DC CHARACTERISTICS 
(TA=O°c to 70°c, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER .TEST CONDffiONS SP)i:EJ)· 
H¥53C464 UNIT. Nori: 

Ml'N. -'-~x. 
I Iu I Input Leakage Current(any input pin) Vss~V1N~Voo - 10 µA 

I Iw I 
Output Leakage Current for Vss~VoUT~Voo 

10 µA 
High Impedance State RAS, CAS at V IH 

-

-70 - 70 

Yoo Supply Current, Operating tRc=tRc(min.) 
-80 - 60 

1001 mA 1,2 
-10 - so 
-12 - 4S 

1002 
RAS, CAS at Vrn, HYS3C464 - 3 

Yoo Supply Current, TTL Standby. 
other inputs~Vss HYS3C464L 

mA - 2 

-70 - 70 

Yoo Supply Current, -80 - 60 
Iom 

RAS-only Refresh 
tRc=tRc(niin.) mA 2 

-10 - so 
-12 - 4S 

-70 - 4S 

Yoo Supply Current, -80 - 40 
1004 Minimum Cycle mA 1,2 

Fast Page Mode -10 - 3S 

-12 - 30 

V oo Supply Current, RASL Voo-0.2V, CAS= HYS3C464 - 2 
Ions CMOS Standby Vrn, other inputsLVss HYS3C464L 

mA - 1 

-70 - 70 

V DD Supply Current, 
tRc=tRc(min) 

-80 - 60 
IoD6 

CAS-Before-RAS Refresh 
mA 2 

-10 - so 
-12 - 4S 

V1L Input Low Voltage(all inputs) -1 0.8 v 
Vrn Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage loL=4.2mA - 0.4 v 
VoH Output High Voltage loH=-SmA 2.4 - v 

NOTES: 
I. loo is dependent upon output loading when the device output is selected. Specified loo(max.) is measured with the output open. 
2. loo is dependent upon the number of address transitions. Specified Ioo(max.) is measured with a maximum of two transitions per address cycle in Fast Page 

Mode. 
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HY53C464 65,536X4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

' HY53C464-70 HY53C464-sO HY53C464-10 BY53C464-U 
# SYMBOL PARAMETER 

MAX. MIN. MAX. MIN. MIN. 
UNIT NOTE 

~ 
MIN.' MAX. MAX. 

I lRAS RAS Pulse Width 70 75K 80 75K IOO 75K I20 75K ns 

2 lRc Read or Write Cycle Time I30 - I45 - I75 - 205 - ns 

3 lRP RAS Precharge Time 50 - 55 - 65 - 75 - ns 

4 lcsH CAS Hold Time 70 - 80 - IOO - I20 - ns 

5 le AS CAS Pulse Width 25 - 30 - 35 - 40 - ns 

6 lRCD RAS to CAS Delay 25 45 25 50 25 65 30 80 ns I 

7 tRcs Read Command Setup Time 0 - 0 - 0 - 0 - ns 

8 lASR Row Address Setup Time 0 - 0 - 0 - 0 - ns 

9 lRAH Row Address Hold Time I5 - I5 - I5 - 20 - ns 

IO tAsc Column Address Setup Time 0 - 0 - 0 - 0 - ns 

II le AH Column Address Hold Time I5 - I5 - 20 - 25 - ns El 
I2 lRSH(R) RAS Hold Time in Read Cycle 25 - 30 - 35 - 40 - ns 

13 lcRP CAS to RAS Precharge Time I5 - I5 - I5 - 20 - ns 

I4 lRCH Read Command Hold Time Referenced to CAS 5 - 5 - 5 - 5 - ns 2 

I5 lRRH Read Command Hold Time Referenced to RAS 5 - 5 - 5 - 5 - ns 2 

I6 lROH RAS Hold Time Referenced to OE 0 - 0 - 0 - 0 - ns 

I7 lo AC Access Time from OE - I5 - 20 - 25 - 30 ns 

I8 le AC Access Time from CAS - 25 - 30 - 35 - 40 ns 3,4 

I9 lRAC Access Time from RAS - 70 - 80 - 100 - I20 ns 3,5,6 

20 lAA Access Time from Column Address - 35 - 40 - 45 - 55 ns 3,4,7 

21 tu OE or CAS to Low-Z Output 0 - 0 - 0 - 0 - ns 13 

22 tHz OE or CAS to High-Z Output 0 I5 0 20 0 25 0 30 ns 13 

23 lAR Column Address Hold Time from RAS 55 - 60 - 70 - 80 - ns 

24 tRAD RAS to Column Address Delay Time 20 35 20 40 20 55 25 65 ns 8 

25 tRSH(W) RAS Hold Time in Write Cycle 25 - 30 - 35 - 40 - ns 

26 lcWL Write Command to CAS Lead Time 25 - 30 - 35 - 40 - ns 

27 twcs Write Command Setup Time 0 - 0 - 0 - 0 - ns 9,10 

28 twcH Write Command Hold Time 15 - 15 - 20 - 25 - ns 

29 twp Write Pulse Width 15 - 15 - 20 - 25 - ns 

30 twcR Write Command Hold Time from RAS 55 - 60 - 70 - 80 - ns II 

3I tRWL Writ Command to RAS Lead Time 25 - 30 - 35 - 40 - ns 

32 tos Data In Setup Time 0 - 0 - 0 - 0 - ns II 

33 loH Data In Hold Time 15 - 15 - 20 - 25 - ns II 

34 twoH Write to OE Hold Time 20 - 20 - 25 - 30 - ns II 

35 l()ED OE to Data Delay Time 20 - 25 - 30 - 35 - ns II 

36 tRWC Read-Modify-Write Cycle Time 195 - 225 - 265 - 305 - ns 

37 lRRW Read-Modify-Write Cycle, RAS Pulse Width 125 - 145 - 175 - 205 - ns 

38 tcwo CAS to WE Delay 50 - 60 - 70 - 80 - ns 9 
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HY53C464 65,536X4-Bit CMOS DRAM 

PARAME'rER 
HYS3C464-70 HYS3C464-80 HYS3C46+10 HYS3C464-12 

:I* SYMBOL 
MIN. MAX; MIN. MAX.~ MAX. 

UNff NOTE 
. MIN. MIN • MAX. 

39 tRWD RAS to WE Delay in Read·Modify·Write Cycle 95 - 110 - 135 - 160 - ns 9 

40 tcRW CAS Pulse Width(RMW) 80 - 95 - 110 - 125 - ns 

41 tAWD Column Address to WE Delay 60 - 70 - 80 - 85 - ns 9 

42 tpe Fast Page Mode Read or Write Cycle Time 50 - 55 - 65 - 75 - ns 

43 tcP CAS Precharge Time 15 - 15 - 20 - 25 - ns 

44 tRAL Column Address to RAS Lead Time 35 - 40 - 45 - 55 - ns 

45 tcAP Access Time from Column Precharge - 45 - 50 - 55 - 65 ns 4 

46 to HR 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 tcHR CAS Hold Time CAS·before·RAS Refresh 20 - 25 - 30 - 40 - ns 

50 tPCM Fast Page Mode Read·Modify·Write Cycle Time 105 - 120 - 140 - 165 - ns 

51 h Transition Time(Rise and Fall) 3 25 3 25 3 25 3 25 ns 12 

52 tRJ Refresh Interval(256 Cycles) - 4 - 4 - 4 - 4 ms 14 

NOTES.: 
I. tRco(max.) is specified for reference only. Operation within tRcoCmax.) limits insures that IRAc(max.) and tAA(max.) can be met. lflRco is greater than the 

specified IRco(max.), the access time is controlled by tAA and tcAC· 
2. Either IRRH or IRCH must be satisfied for a read cycle to occur. 
3. Measured with a load equivalent to two TIL inputs and 100 pf. 

4. Access time is determined by the longer of tAA , tcAC or tcAP· 
5. Assumes that IRAo~'RAo(max.). If tRAo is greater than tRAo(max.), !RAC will increase by the amount that IRAD exceeds IRAo(max.). 
6. Assumes that IRCD~IRco(max.). If tRCD is greater than tRcoC max.), IRAC will increase by the amount that tRCD exceeds IRco(max. ). 
7. Assumes that 1RA0;::1RAo(max.). 
8. Operation within the IRAo(max.) limit ensures that tRAc(max.) can be met. fRAo(max.) is specified as a reference point only. If tRAD is greater than the specified 

tRAo(max.) limit, the access time is controlled by tAA and tcAC· 
9. twcs. IRWD• tAWD and tcWD are no restrictive operating parameters. 
10. twcs(min.) must be satisfied in an Early Write Cycle. 
11. tos and toH are referenced to the latter occurrence of ffi or WE. 
12. tr is measured between Vrn(min.) and V1L(max.). AC-measurements assume tr=Sns. 
13. Assumes a three-state test load(S pf and a 380 Ohm Thevenin equivalent) 
14. An initial 200µs pause and 8 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. 

CAPACITANCEco 
(TA=25't, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

S\'MBOL PARAMETER TYP. MAX. UNIT 

C1Nt Address, D1N - 6 pf 

C1N2 RAS, CAS, WE, OE - 8 pf 

Com Dour - 8 pf 

NOTES: 

1. Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 
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HY53C464 65,536X4 1-Bit CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 

1----------------IRC(2J-------------<•1 

RAS 

CAS 

Ao-A7 

110 

V1H 

V1L 

V1H 

V1L 

V1H 

V1L 

VoH 

VoL 

•-----------IRAS(l)---------.-1 -------°" ,..,,__ ____ IAR(23)------1 

•~---------1CSH(4)-~------1 

1------i-IRSH(RX12)-----+----I 

lcAS(S) 

-tRP(3)-

------HIGH-Z-----_.,. ______ ,., VALID DATA OUT 

-tLZ(21)-

EARLY WRITE CYCLE 

1-----------IRAS(l)---------•I 

V1H 
--------.i 1~0-------IAR(231------- 1 

RAS 
V1L 

CAS 
V1H 

V1L 

V1H 

V1L 

V1H 
OE 

V1L 

1/0 
V1H 

V1L 
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HY53C464 65,536X4 Bit CMOS DRAM 

OE CONTROLLED WRITE CYCLE 

tRC(2) 

tRA$(1) 

RAS 
V1H tAR(23) 

V1L 

tcSH(4) 

tRSH(W)(12) tcRP(13) 

V1H 
CAS 

V1L 

Ao-A1 
V1H 

V1L 

\NE V1H 

V1L 

V1H 
OE 

V1L 

V1H 

1/0 
V1L 

READ-MODIFY-WRITE CYCLE 

l-----------------tRWCl36)--------------I 

V1H 
RAS 

V1L 

CAS 
VtH 

V1L 

Ao-A1 
V1H 

V1L 

v:iE V1H 

V1L 

V1H 
OE 

V1L 

1/0 

3-22 

1...-.-------------tRRW(37)------------1 

----tAR(23)-----t•I 

J...-.---+------tcAW(40)--------<•t I 

---- tcAH(11) 

tAAD(24) l------I 

------HIGH-Z--------c11 

tLZ(21)-

tOAC(17) 

tOED(35) ____ , 

-- tHZ(22) 

._:._- tDH(33) 

toS(32) 

VALID DATA IN 



FAST PAGE MODE READ CYCLE 

Ao-A1 

110 
VoH 

Vm 

ILZ(21) ... 

FAST PAGE MODE WRITE CYCLE 

WE 
V1H 

V1L 

OE 
V1H 

V1L 

1/0 
V1H 

V1L 

HY53C464 65,536X4-Bit CMOS DRAM 

+-IRP(3)---. 

El 

IHZ(22) 

HIGH-Z-
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HY53C464 65,536 X 4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

. V1H 

CAS 
V1L 

V1H 

Ao-A1 
V1L 

1/0 

3-24 

IOED(35) -1 
!cAC(18) -

-tcAP(45)-

!AA(20) ,~ 

I leiED(35) ._... 

lcAC(1B)--

'-IHZ(22) 
IRACi19) 

1

1-!tDH(33) 

4-\DS(32) 

-tCAP(45)

IAA(20) I 
- IOED(35) 

11 



HY53C464 65,536 X 4-Bit CMOS DRAM 

RAS-ONLY REFRESH CYCLE 

V1H 

RAS 
V1L 

00 
V1H 

V1L 

V1H 
Ao-A7 

V1L 

CAS-BEFORE-RAS REFRESH CYCLE • 
RAS 

V1H 

V1L 

---tCPi43)-- l------lcHR(49) ----1 
-.tcSRi47) 

CA8 
V1H 

V1L 

-i~"" V1H 
1/0 

V1L 
-----------HIGH-z--------
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HY53C464 65,536X 4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (READ) 

VtH 
RAS 

V1L 

V1H 

CAS 
V1L 

Ao-A1 
V1H 

V1L 

V1H 

~ 
V1L 

C5E 
V1H 

V1L 

VoH 

1/0 
VoL 

-----HIGH-z------c1 VALID DATA OUT 

HIDDEN REFRESH CYCLE (WRITE) 

-tcHR(49)- -tcRP(13)-

Ao-A1 
V11:1 

V1L 

~ V1H 

V1L 

OE V1H 

V1L 

1/0 
V1H 

V1L 
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HY53C464 65,536X4~Bit CMOS DRAM 

CAS-BEFORE~RAS -REFR.ESH_ COUNTER TEST CYCLE 

V1H 
RAS 

V1L 

CAS 
V1H 

V1L 

V1H 

Ao-A7 
V1L 

READ CYCLE 

WE 
V1H 

V1L 

OE 
V1H 

V1L 

VoH 
1/0 

Vm 

WRITE CYCLE 

110 

V1H 

V1L 

V1H 

V1L 

V1H 

V1L 

l+--------------IAAS(l)------------1 

•----lcHA(49)- -tCP(43)- •-----IRSH(W)(25i-----1 

1..--+-+---lcWL(26)'---+--

twcS(27) - -twcH(2B)-

IARH(15) 
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HY53C464 65,536X4-Bit C!\108 DRAM 

FUNCTIONAL DESCRIPTION 

The HYS3C464 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 HYS3C464 reads and 
write~ 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 buff er 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 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 specified by tAR· 
Data out becomes valid only when toAc, tAA and 
tcAc are all satisfied. As a result, the access time 
is dependent on the timing relationships bet
ween these parameters. For example, the access 
time is limited by tAA when tRAc, 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 1/0 data pins will 
be in the High-Z state at the beginning of the 
write function!. 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 torn 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 A1) 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 ~ill 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 V1L and an .. extra 
high" Vm within 0.2V of Von~ While the RAS 
clock is at the "extra high" level, the HYS3C464 
power consumption is reduced to the low Inns 
level. Overall loo consumption when operating 
in this mode can be calculated as foolows : 

I 
(tRc) X (I active)+ (tRX-tRc) X (Inns) 

tRX 

Where tRc =Refresh Cycle Tim.e 
tRX =Refresh Interval/256 



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 petforming 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 h 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 tcAP controlled. If the co-
lumn address is valid prior to the rising edge 
of CAS, the access time is referenced to the 
CAS rising edge.(Specified by fcAp as shown in 
figure I). 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 tAA. 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 

HY53C464 65,536 X 4 Bit CMOS DRAM 

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 orCAS low 
level enables the internal 1/0 path. A CAS high 
transition or a CAS high level disables the 1/0 
path and the output driver if it is enabled. A 
CAS low transition while RAS is high has no 
effect on the 1/0 data path or on the output dri
vers. The output drivers, when otherwise enab
led, can be disabled by holding OE high. The 
OE signal has no 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( tos) 
to be satisfied. 

POWER ON 

After application of the Voo an initial pause of 
200µs 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 Voo 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 loo will exhibit current transients. It is re
commended that RAS and CAS track with V oo 

or be held at a valid Vrn during power on to 
avoid current surges. 
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HY53C464 65,536 X 4-Bit CMOS DRAM 

TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES 
...,.,-

CYCLE 1YPE ''DolJf STATE 

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 I/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 

VALID COLUMN 
ADDRESS 

..:'-
;p, 

-"-

Dour 

+----lcAP •_L 1-tAA -~ 

------HIGH-z----~uw~------------~-----
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HY53C464 65,536X4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 18 PIN PLASTIC DUAL IN LINE PACKAGE-300 MIL 

0.065(1.651) 
0.045(1.143) 

I ' ___c_h_ --------t--------"-P -
I 

,,,._ _______ 0.915(23.241) _______ _ 
6.895(22.733) 

0.062(1.575) 
0.050(1.270) 

0.021(0.533) 
0.015(0.381) 

0.100 SSC 
(2.540) 

• 18 PIN PLASTIC LEADED cmP CARRIER - 330 MIL 

0.535( 13.589) 
1------0.520(13.208)--------

§~ ~~ 
a)aj r--.:r....: 

i~ ~~ 

dI~d~-------------.....-..-.-.-~-- T 

co 
q 

~ ~ 
('l'j C\i 

......... ~t::::::!A_J_ ! ~ 

0.422(10.719) 

~o·m2~~c--

-o.27oc6.858)-. 
0.250(6.350) 

J_ 

T 

MAX. 
UNIT: INCH(mm) -

MIN. 

-3-11 
0.014(0.356) 

-· - 0.008(0.200) 

MAX. 
UNIT: INCH(mm) -

MIN. 
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DESCRIPI10N 

The HYSlClOOO is a high speed, low power 
1,048,576 X 1 bit CMOS dynamic random ac
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HYSlClOOO 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 TIL 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 HYSlClOOO ideally suited for cache 
based mainframe and mini computers, gra
phics, digital signal processing, and high per
formance microprocessor systems. 

When RAS is 2 Voo-0.2V, CMOS standby 
operation mode is active, and power drops to 
1.5 mW (typically). 

BLOCK DIAGRAM 

Aoo-+ 

ON-CHIP 
ADDRESS COUNTER RAS CLOCK WRITE CLOCK 

GENERATOR GENERATOR 

M131202B-APR91 

FEATURES 

• Low power dissipation 
-Operating current, lOOns: 75mA (max.) 
-ITL standby current : 2.5mA (max.) 
-CMOS standby current : 1.5mA (max.) 

• Read-Modify-Write capability 
•RAS-only, Hidden, CAS-before-RAS 

refresh capability 
• Common 1/0 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) 

HYSICI000-80 HYSlCI000-10 HY51CI000-12 

Max RAS Access 
80 100 120 Time, lRAC 

Max CAS Access 
20 25 30 Time, tcAc 

Min Fast Page .Mode 45 SS 6S Cycle Time, tpc 

Min Cycle Time, lRc 160 190 220 

PIN CONNECTIONS 

D1N 18 Vss 

WE 2 17 Dour 

RAS 3 16 CAS 
~ JO Vss 

NC 4 15 Ag WE Dour 

~~ 
3 CAS 

Ao 
4 NC 14 As NC 5 Ag 

A, 13 A7 

A2 7 12 As Ao 9 As 
A, 10 A, 

AJ 8 11 As A2 11 As 
A3 12 As 

Voo 9 10 A. Voo 13 A• 

P-DIP SOJ 

PIN NAMES 
DATA OUTPUT Dou1 

BUFFER RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 
EQUALIZER 

WE WRITE ENABLE DATA INPUT 
'BUFFER ~QIN ....._ __ ___, Ao-Ag ADDRESS INPUT 

MEMORY l\RRAY 
D1N DATA INPUT 

Dour DATA OUTPUT 

~::=I vBB GENERATOR 
Voo POWER(+5V) 

Vss GROUND 

3-33 

Ell 



HY51C1000 1,048,576Xl-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
' ~ 

SYMBOL PARAMETER ·.·· RATING "·lJ~IT<' 
:..:::.. 

TA Ambient Temperature 1 0 to 70 oc 

Tsro Storage Temperature (Plastic) -55 to 125 oc 

VTERM Voltage on Any Pin Except VDD Relative to Vss -1.0 to 7.0 v 

VDD Voltage on VDD Relative to Vss -1.0 to 7.0 v 

IouT Data Out Current 50 mA 

PT Power Dissipation 1.0 w 
NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

DC CHARACTERISTICS 
(TA=0°Cto 70°C, Voo=5V± 10%, Vss=OV, unless otherwise noted.). 

TEsT CONDIDONS '·SPEED 
m'5lC1000 

SYMBOL PARAMETER UNIT 
' MIN. MAX. 

IIu I Input Leakage Current (any input pin) V SS :S VIN ;S V DD - 10 µ.A 

IIwl 
Output Leakage Current for V ss :S DouT :S V DD - 10 µ.A 
High Impedance State RAS, CA'S' at V rn 

-80 - 95 

IDDI V DD Supply Current, Operating tRc =tRc (min.) -10 - 75 mA 

-12 - 70 

IDD2 VoD Supply Current, TTL Standby 
RAS, CAS at Vrn, 

- 2.5 mA other inputs ;;::;V ss 

-80 - 95 

IDD3 
V DD Supply Current, 

tRc=tRc (min.) -10 - 75 mA RAS-only Refresh 
-12 - 70 

-80 - 50 

IDD4 
V DD Supply Current, 

Minimum Cycle -10 - 40 mA 
Fast page mode 

-12 - 35 

IDDs 
VDD Supply Current, RAS~ V DD -0.2V, CAS = - 1.5 mA CMOS Standby Vrn, other inputs~ Vss 

-80 - 95 

IDD6 V DD Supply Current, tRc = tRc (min.) -10 - 75 mA 
CAS-Before-RAS Refresh 

-12 - 70 

V1L Input Low Voltage (all inputs) -0.5 0.8 v 
Vrn Input High Voltage (all inputs) 2.4 VDo+l v 
Vol Output Low Voltage IoL=4.2mA - 0.4 v 
VoH Output High Voltage loH=-5mA 2.4 - v 

NOTES: 
1. 100 is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with output open. 
2. 100 is dependent upon the number of address transitions. Specified loo (max.) is measured with a maximum of two transitions per address cycle in 

Fast page mode. 

NO'I'E 

1,2 

2 

1,2 

2 

3 

3 

3. Specified VIL (min.) is steady state operation. During transitions, VIL may undershoot to -1.0V for a period not to exceed 20ns. All AC parameters are 
measured with V1L (min.)~Vss and V1H (max.)sV0 o. 
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Yss=OV, unless otheiwise noted.) 

-;-:::-

fIYS1C19(l(f 
· .. 

~' ~ 
:L >· 

# SYMBOL PARAMETER __!:_80 to ;·: jz> -=tf ·ONrl';: 'NO'IES 
. :.2:c 

MIN. MAX. MIN; ' MlN-,1 
_..::_ _: 'MAX~· ~: I'.::::. 

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

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 

5 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 tRAC Access Time From RAS - 80 - 100 - 120 ns 3,4,5 

12 tcAA Access Time From Column Address - 40 - 45 - 55 ns 5,6,12 

13 tcAC Access Time From CAS - 20 - 25 - 30 ns 6,12 

14 tcAS(R) CAS Pulse Width in Read Cycle 20 - 25 - 30 - ns 

15 tRSH(R) RAS Hold Time in Read Cycle 20 - 25 - 30 - ns 

16 tRcs Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRcH Read Command Hold Time Referenced to CAS 5 - 5 - 5 - ns 7 

18 tRRH Read Command Hold Time Referenced to RAS 5 - 5 - 5 - ns 7 

19 tcRP 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 toH Output Data Hold Time From CAS 0 - 0 - 0 - ns 8 

22 twp Write Pulse Width 10 - 10 - 15 - ns 

23 tcp CAS Precharge Time 10 - 10 ·- 15 - ns 

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

25 tcAS(W) CAS Pulse Width in Write Cycle 25 - 30 - 35 - ns 

26 tRSH(W) RAS Hold Time in Write Cycle 25 - 30 - 15 - ns 

27 twcR Write Command Hold Time From RAS 60 - 70 - 80 - ns 

28 twcs Write Command Set-up Time 0 - 0 - 0 - ns 9,10 

29 twcH Write Command Hold Time 15 - 20 - 25 - ns 

30 tos Data-In Set-up Time 0 - 0 - 0 - ns 11 

31 toH Data-In Hold Time 15 - 20 - 25 - ns 11 

32 to HR Data-In Hold Time Reference to RAS 60 - 70 - 80 - ns 

33 tRwc RMW Cycle Time 190 - 220 - 255 - ns 

34 IRRW RMW Cycle RAS Pulse Width 110 - 130 - 155 - ns 

35 tRwo RAS to WE Delay in RMW Cycle 80 - 100 - 120 - ns 9 

36 tcwo CAS to WE Delay 20 - 25 - 30 - ns 9 

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

s-, --, -::: ff 
-,_ 

- .{' H\'SlClooO.,.. 
,, ·,r-· --: __ ,-

L " F- _x, -i---!"_~:,. .. L j:,j~'. ,.,.· 
ii.'·*>1L 16-

--- ''\ 

NoTEs I -·- ,,,, .. _·-:::-cc:·;·;, ·-···, i ·12 UNrr 
le·. ,\::· ~~" 

- .. 
___ ,_ 

_) _.o--D.~- MIN. MAX.. MIN .. ,MAx. MIN •. ~· -"". L& d:..:..:L h~- :c:-;,, :-'_._;,,,_ -

39 tpc Fast page mode Read or Write Cycle time 45 - 55 - 65 - ns 

40 tpcM Fast page mode Read-Modify-Write Cycle 70 - 85 - 100 - ns 

41 tRWl Write Command to RAS Lead Time 25 - 25 - 30 - ns 

42 tcwt Write Command to CAS Lead Time 25 - 25 - 30 - ns 

43 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

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

45 tcHR CA'S H,old Time (CAS Before RAS Cycle) 20 - 30 - 30 - ns 

46 tcsH CAS Hold Time 80 - 100 - 120 - ns 

47 IT Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 13,14 

48 tRI Refresh Interval (512 Cycle) - 8 - 8 - 8 ms 15 

NOTES: 
1. Operation within the tRAO(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a referenced point only. IftRAo is greater than the 

specified tRAO(max.) limit, then the access time is controlled by tcAA and tcAC· -
2. tRco(max.) is specified for reference only. Operation within tRco(max.) and tRAo(max.) limit insure that tRAc(max.) and tcAA(max.) can be met. 

If tRCD is greater than the specified tRco(max.) then the access time is controlled by tcAA and tcAC· 
3. Assume tRAO.::;;tRAD(max.) If tRAD is greater than tRAD(max.) then tRAc will increase by the amount that tRAo exceeds tRAo(max.) 
4. Assume tRco:s;tRcoCmax.) If tRCD is greater than tRco(max.) then tRAC will increase by the amount that tRcD exceeds tRco(max.) 
5. Measured with a load equivalent to two TTL loads and 100 pF. 

6. Assume tRAO;:;tRAo(max.) 
7. Either tRRH or tRcH must be satisfied for a read cycle. 
8. toFF and toH define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

9. twcs; tWHC• lwHR• tRwo. tAwo. tcwo. are not restrictive operating parameters. 
10. twcs(min.) must be satisfied in the early write cycle. 
11. tos and toH are referenced to the latter occurence of CAS or WE. 
12. Access time is determined by the longer of tcAA• tcAC or tcAP• 
13. tT is measured between VIH (min.) and V1L (max.) 
14. AC measurements assume tT=.5ns. 
15. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycles( any combination 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, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

I·'·.'-< -h$\'MBOL _.,J 
~ 

; PA~l\t~TEB --- '::tw. ,-,- --;; 

---- t™iIT -----

1---- --'" 1i::_ ,,Ma,X._ __±_ -'-= _);,_ 

C1N1 Address. D1N 6 pf 

C1N2 RAS, CAS, WE 8 pf 

CouT Do UT 8 pf 

NOTE: Capacitance is measured at the worst case of voltage levels with a programmable _capacitance meter. 
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

Ao-As 

Dour 

1------------------IRC(2)-----------------1 

VrH _ ----".t..11.---------IAR(24J----_ -_ -_ -_ -_ -_ -~--+-' _____ __, • .,, 
VrL _ 1' 1·------------IRAS(1J 

V1H

V1L-

V1H

V1L-

V1H -

IASR(4) -
+--IRAH(5)-

VIL - -----.._~ ..... ---"'-'-'"""'-'-"' 

IRCS(16) -ICAS(R)(14)-

--tCAC(13)-

-tCAA(12)-

1----------IRAC(ll)---------1 
VoH ..... -+-----------+---,, 
VoL _ -----+------HIGH-Z-----------c:1 VALID DATA OUT 

~-+-----------+---'' 
l+----------lcSH(4SJ---------I -tOH(21) 

EARLY WRITE CYCLE 

V1H

V1L-

r.--------------------IRC(2)------------------t•I 

"'ll+------------tRAS(l)-----------·111 

1---------IAR(24)--------<•I 

IASRl4l - -tRAH(S)-

V1H - ROW COLUMN Ao-As 
V1L - .... '-'-"' "l"-_.;.A~D~D;.;.R.;;;E;.;;S;.;;S;....~ "'"""""'"-"'-' ~--A.-D_D_R_E_s_s __ "I_ ,., .... "'-'-'"""' .................... .-..--.-.......... .-.. ...................... 

IASC(8) -- -tCAH(9)-
ICRP(19) 

V1H-

V1L-

IRCD(10) 

V1H-
WE V1L-

D1N 
V1H-

V1L-

toHA(32) 

Dour 
VoH- HIGH-Z 
VoL--
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

V1H--

V1L-

14------------------tRWC(33)------------------o~I 

l4----lRP(3)-
___ .., l•------------lRRW(34)---------'----I .., ________ -1 

lcRP(19) 

•-----lRCD(1Q),-----I 

...__ lCAH(9)-+ 

lASR(4) lRAH(S) 

COLUMN 
ADDRESS 

14---t---lAWD(37)-----1~t 

1'4--------+-lRWD(3S)+----+-------I 

-tRWL(41)-

-tCWL(42)-

-tCWD(SS)- -tWP(22)

lcRP(19) -

WE V1H--
_,._,._,._,....,.._,._,.....,.....,._,_+---+---+-------"' 

V1L-- _.._.._ ..... "'"'+.._.._ ............ .,, 
-tRCS(16)-

lDS(30) 

-toH(31)-

V1H-

V1L-.._""'-..... "'-l+o-i....lo....l ...................... ~ ............................................. ~--------.ar,;....'--''--''--''--''-''-''--'~'--''--''--''--''--
VALID DATA IN 

-tCAC(13l 

-tCAA(12)-

1+-------lRAC(11)-------• - loFF(20) 

DouT VoH - ---------HIGH-z--------<1 
Vm -

VALID DATA OUT 
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HY51C1000 1,048,576Xl-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

Ao-A9 
V1H--
V1L-

II 
WE 

V1H--
V1L-

Dour 

FAST PAGE MODE EARLY WRITE CYCLE 

Ao-Ag 

V1H

V1L-""""""""'-'-""'-'-"'-+ofllo+-+-..... "'""-'-""'-'-"'-'--+floo++--"""'ll-'-""'-'-"'-'-""'-'-"'-'-""'-"Ha.++---.11-""""""""'"-'-""+-"'-"""'""""""""'""""-'-

V1H-
V1L -- .. ___ ,, "'-----"I 
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HY51C1000 l,048,576X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
VtH--

V1L-

CAS 
V1H-

V1L-

Ao-Ag 
V1H-

V1L-

WE 
V1H-
V1L-

DtN 
V1H-
V1L-

Dour 
VoH-
VoL-

RAS-ONLY REFRESH CYCLE 

t-----------------
1
tRC(2)------------------•I 

1------tRP(3)-

VtH -- ----,,_1 ... ,__ ___________ tRAS(1)------------I i.-----------i 

Dour 
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tASR(4) - -tRAH(5)-
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

DouT 

V1H

V1L-

V1H

V1L-

VoH

VoL-

1---------IRAS(1)---------1•1 

-IRPC(43)-

ICSR(44) 

-tcHR(45)-

-r_OFF,(20) -

~ HIGH-Z-----------------

Note: WE, Ao-Ae=Don't care 

HIDDEN REFRESH CYCLE (READ) 

V1H

V1L-

-tRP(J)-----.1 1•0-------IRAS(1)------<•1 i..-----..i 1•1-------IRAS(l)-------1•1 , ___ _ 

lcRP(19) - -tRCD(10)- -tRSH(RX15)- lcHR(45) 

CAS 
V1H-

V1L-

IASC(S) 

ICAR(6)-

-tRAD(7)--

IRAH(S) 
IASR(4) - ICAH(9) 

Ao-Ag 
V1H-

V1L-

IAR(24) 

IRCS(16) -- IRRH(18) 

WE V1H-

V1L-

- ICAC(13) 

-tCAA(12)-

IRAC(11) - IOFF(20) 

DouT 
VoH-

HIGH-Z VALID DATA OUT 
VoL-
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HY51Cl000 1,048,576X 1-Bit CMOS DRAM 

IDDDEN REFRESH CYCLE (WRITE) 

1+------IRAS(1)--------' ... I -tRP(31- l---------IRAS(1) ____ ____,_, 

lcRP(19) -tRCD(10)-
IRSH(W)(26) 

lcHR(45) -
CAS V1H-

V1L--

IAR(24) 

IASC(8) 

IASR(4) 

_ ... -- IRAH(5) -tCAH(9)--

V1H-
Ao-Ag 

V1L-

twcR(27) 

- - IWCH(29) 

WE 
V1H-

V1L-

tos1Jo) 

-IDH(31)-

V1H

V1L - "'-"-'-""""-'-""""-'-..................... <I r---vA_L_1_0_0_1>._uA_1N __ ...., ""'-'-''-'"'-''-'-'-''-'-'-~-'-J.J.-'-J.J.-'-"--''-'-'-''-'-"""""'-'-""""""-

14-------1DHR(32)------• 

DouT 
VoH-
VoL------------------------------------------HIGH-Z-------------------------------------------
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS· REFRESH COUNTER _TEST CYCLE 

CAS 

Ao-As 

READ 

Dour 

WE 

WRITE 

Dour 

WE 

V1H-

V1L-

V1H-

V1L-

CYCLE 

VoH-

VOL-

V1H-

V1L-

CYCLE 

VoH-

VOL-

V1H-

V1L-

ICSR(44) 

i--------------IRAS(1) -----------... 1 

1-------IRSH(WX26)-----1 

-tCHR(4S)- -ICP(23)- 1----1CAS(WK25)---•I 

lcAC(13)- 1----1--1 IOFF(20) 

---------HIGH-Z---------++----<1 VALID DATA OUT 

-tRCS(16)__.,.. - IRRH(18) 

-tRCH(17)--

-----------------HIGH~ .... ------------------~ 

--twcs12e1-
--twcH(29)__... 

~~·~~~ --.. ~~ 
~:: = 1//11/i !ll/l!/!l(/// I{ VALID DATA IN J J///i //////// 1/.11//Z 
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

FUNCTIONAL DESCRIPTION 

The HYSlClOOO 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 HYSlClOOO 
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 t~s 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 tRPltcP 
has elapsed. 

READ CYCLE 

A read cycle is performed by holding the 
Write Enable (WE) signal high during a 
RAS/CAS operation. The column address 
must be held for a minimum time specified by 
tAR· Data output becomes valid only when tRAc, 
tcAc and tcAA are all satisfied. Consequently, the 
access time is dependent upon the timing rela
tionship among the tRAc, tcAc and tcAA· For exa
mple, the access time is limited by tcAA when 
tRAc and tcAc are both satisfied. 

WRITE CYCLE 

A write cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
upon . the latter of WE or CAS low transition. 
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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(DoUT) 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 (DoUT) 
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(Ao th

rough As) with RAS at least every 8 ms pe
riod. Any combination of RAS cycle such as 
read, write, read-modify-writ~, 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 HYSlClOOO 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 HYSlClOOO offers a CMOS standby 
mode that is entered by causing the RAS clock 



to swing between a valid V1L and an "extra 
high" Vm within 0.2V of Yoo. While the RAS 
clock is at the "extra high" level, the HYSlClOOO 
power consumption is reduced to the low 1005 

level. Overall loo consumption when operating 
in this mode can be calculated as follows : 

I 
(tRc) X (I active)+ (tRX-tRc) X (1005 ) 

tRX 

Where tRc =Refresh Cycle Time 
tRx=Refresh Interval/512 

FAST PAGE MODE OPERATION 

Fast page mode operation permits all 1024 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Mai
ntaining RAS low while successive CAS cycles 
are performed retains the row address interna
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 addres~ rather 
than from CAS, eliminating tAsc and h 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 k"" as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is dete~ined by the valid 
column address specified by tcAA. For both ca
ses, the failing edge of CAS latches the address 
and enable the output. 

Fast page mode provides a sustanined data 
rate over 22 MHz for applications that require 
high do ta rates, such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate the data 
rate: 

Data Rate= 
1024 

lRc+ 1023 Xtpc 

HY51 ClOOO 1,048,576 X 1-Bit CMOS DRAM 

DATA OUT OPERATION 

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

CYCLE Dour STATE 
Read Cycle Data from Addressed 

Memory Cell 

CAS Controlled Write Cycle High Impedance 

(Early Write) 

WE Controlled Write Cycle Active, Not Valid 

(Late Write) 

Read-Modify-Write Cycle Data from Addressed 

Memory Cell 

Fast Page Mode Read Cycle Data from Addressed 

Memory Cell 

Fast Page Mode Write Cyclej High Impedance 

(Early Write) 

Fast Page Mode Read- Data from Addressed 

Modify-Write Cycle Memory Cell 

RAS-Only Refresh Cycle High Impedance 

CAS-Before-RAS Refresh Data remain the previous 

Cycle cycle's state 

(high Impedance or low 

Impedance 

CAS-Only Cycle High Impedance 

POWER ON 

An initial pause of 200 µs is required after the 
application of the Von 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 V no current ( loo) requirement of the 
HYSlClCXXJduring power on is dependent upon 
the input levels of RAS and CAS. If RAS= V ss 
during power on, the device will go into an ac
tive cycle and loo will exhibit large current tra
nsients. It is recommended that RAS and CAS 
track with V oo or be held at a valid Vrn level 
during power on. 
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HY51C1000 1,048,576X 1-Bit CMOS DRAM 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

V1H 
CAS V1L 

Ao-Ag 
V1H VALID VALID 
V1L COLUMN ADDRESS COLUMN ADDRESS 

-w1 ) -'~'1 >-DouT 
VoH 

VoL VALID DATA . VALID DATA 

3-46 



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

PACKAGE INFORMATION 

• 18 PIN PLASTIC DUAL IN LINE PACKAGE - 300 MIL 

0.885(22.479) 
f+--------0.865(21.971) ___ _ 

0.050(1.270) 
0.030(0. 762) 

-I 

0.065(1.650) 
0.050( 1.270; 

~!~1 
0.021(0.533)-J 

0.016(0.406) 0.100 BSC 

(2.540) 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

~~~~~~~~-· -t r 
R~@~ 
~ ~ ra ~ 
,....: ,....: cdcri 

-----------+------ Mi~~ 
i cici cici 

~;;iiijiijiii;;iiiijiiiiiiiiiiii~~ijiiijiiiiji 11 

0.0500BSC 
(1.2700) 

0.0200(0.5080) 
- 0.0160(0.4064) 

MAX 
UNIT : INCH(mm) MN 

- 0.300 BSC _I 
(7.620) 

- 0.295(7.493) -· 
0.275(6.985) 

MAX 
UNIT : INCH(mm) MN 
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DESCRIPfION 

The HY51C4256 is a high speed, low power 
262,144X4 CMOS dynamic random access 
memory. Fabricated with HYUNDAI CMOS 
technology, HYS1C4256 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 
row simply by changing the column address. 
Because the column address access time is as 
fast as SOns, a continuous data rate exceeding 
20 MHz can be achieved. 

The HY51C4256 offers high performance 
while relaxing many critical system timing re
quirements. These features make HY51C4256 
ideally suited for graphics, digital signal process
ing, and high performance systems. 

When RAS is~ Voo-0.2V, CMOS standby 
operation mode is active, and power drops to 
1.5 mW (typically). 

BWCK DIAGRAM 

([ 
w 
u. 
u. 
~ 

ON-CHIP 
ADDRESS COUNTER 

RESTORE 

EQUALIZER 

MEMORY ARRAY 

~·::=I VBB GENERATOR 

CAS 

M 151201 C-JAN92 

FEATURES 

• Low power dissipation 
-Operating current, lOOns: 75mA (max.) 

- ITL 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) 

F HY51C4256-80 HYSIC4256-10 HYS1C4256-12 

Max ill Access 
80 100 120 

Time, IRAC 

Max CAS Access 
20 25 30 Time, tcAc 

Min Fast Page Mode 50 65 75 Cycle Time, tpc 

Min Cycle Time, IRc 160 190 220 

PIN CONNECTIONS 

1/0o 1 20 Vss 

1/01 2 19 1/03 

WE 3 18 1/02 

4 
l!Oo ~o Vss 

RAS 110, 1/03 

NC 5 16 OE "WE 3 1102 

RAS 4 CAS 
5 OE Ao 6 15 Aa • NC 

A, 7 14 A1 

A2 B 13 A6 Ao 9 As 
A, 10 A1 

A3 9 12 As A2 11 As 
A3 12 As 

Voo 10 Voo 13 A• 

P-DIP SOJ 

PIN NAMES 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-Aa ADDRESS INPUT 

liOo-1/03 DATA INPUT/OUTPUT 

Voo POWER (+SV) 

.' Vss GROUND 
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HY51C4256 262,144X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ,P~R 
' RATING' T " :/UNIT ;' 

' 
', _:, 

:i < ';:, ,;',,''> ...;;;.. ,,::, '': "',;•:,:,: :;,',,,;;' 

TA Ambient Temperature 0 to 70 oc 

TsTG Storage Temperature (Plastic) -SS to 125 oc 

VTERM Voltage on Any Pin Except V oo Relative to V ss -1.0 to 7.0 v 

Yoo Voltage on V oo Relative to V ss -1.0 to 7.0 v 

IouT Data Out Current 50 mA 

PT 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°Cto70°C, Voo=5V± 10%, Vss=OV, unless otherwise noted.) 

PARAMETER i'EST CQNDrrIONS SPEED ',\ K\:'51CA256. 
:UN ff NOTE SYMBOL 

_::.MIN. h M,AX: 1 · 
" 

', :'.,:'., k .~ ;, 

I Iu I Input Leakage Current (any input pin) YssSV1NSVoo - 10 µA 

IIwl 
Output Leakage Current for YssSDouTSVoo - 10 µA 
High Impedance State RAS, CAS at VIH 

-80 - 95 

lorn Yoo Supply Current, Operating tRc =tRc (min.) -10 - 75 mA 1,2 

-12 - 70 

1002 Yoo Supply Current, TTL Standby RAS, CAS at Vitt. - 2.5 mA 
other inputs;;:::; V ss 

-80 - 95 

1003 
V 00 Supply Current, 

tRc = tRc (min.) -10 - 75 mA 2 RAS-only Refresh 
-12 - 70 

-80 - 50 

1004 
V oo Supply Current, Minimum Cycle -10 - 40 mA 1,2 
Fast Page Mode 

-12 - 35 

loDs 
V DD Supply Current, RAS<:?VoD-0.2V, CAS= 

- 1.5 mA 
CMOS Standby V IH. other inputs<:? V ss 

-80 - 95 

IDD6 V DD Supply Current, 
CAS-Before-RAS Refresh 

tRc = tRc (min) -10 - 75 mA 2 

-12 - 70 

V1L Input Low Voltage (all inputs) -0.5 0.8 v 3 

VIH Input High Voltage (all inputs) 2.4 Voo+l v 3 

Vol Output Low Voltage loL=4.2mA - 0.4 v 
Yott Output High Voltage Iott= -5mA 2.4 - v 

NOTES: 
I. loo is dependent on output loading when the device output is selected. Specified 100 (max.) is measured with output open. 
2. loo is dependent upon the number of address transitions. Specified 100 (max.) is measured with a maximum of two transitions per address cycle in 

fast page mode. 
3. Specified V1L (min.) is steady state operation. During transitions, V1L may undershoot to -1.0V for a period not to exceed 20 ns. All AC parameters are 

measured with V1L (min.)~ V" and V 1H (max.):s V1m. 
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HY51C4256 262,144X4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=O~C to 70°C, Vnn=SV± 10%, Vss=OV, unless othe:rwise noted.) 

: {; 
-

' "7 ~ c-r 
ff\'5JC4256'. 

:, •.',, : ,•·'I 
I ,,: .... •: <;·' 

#' SYMBOL PARAMErE~ . t "'77"·80 '""'.'. r ~to I'· 12 ~ UNIT NOTE I i±. : 
...::.:.:: 

: : 
~ : ·. MJ}'I. ]VIAX MIN~' MAX. MIN. MAX. ,:., 

..:.::::..·· -"'-
1 tRAS RAS Pulse Width 80 85K 100 85K 120 85K ns 

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

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

4 tcsH CAS Hold Time 80 - 100 - 120 - ns 

5 tcAS CAS Pulse Width 30 - 35 - 40 - ns 

6 tRCD RAS to CAS Delay 25 50 25 65 30 80 ns 2 

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 15 - 15 - 20 - ns Ell 
10 tASC Column Address Set-up Time 0 - 0 - 0 - ns 

II tcAH Column Address Hold Time 15 - 20 - 25 - ns 

12 tRSH(R) RAS Hold Time in Read Cycle 30 - 35 - 40 - ns 

13 tcRP CAS to RAS Precharge Time 15 - 15 - 20 - ns 

14 tRcH Read Command Hold Time Referenced to CAS 5 - 5 - 5 - ns 7 

15 tRRH Read Command Hold Time Referenced to RAS 5 - 5 - 5 - ns 7 

16 tROH RAS Hold Time Referenced to OE 0 - 0 - 0 - ns 

17 toAC Access Time from OE - 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 lCAA Access Time from Column Address - 40 - 45 - 55 ns 5,6,12 

21 ILz OE or CAS to Output Low Impedance 0 - 0 - 0 - ns 14,15 

22 tHz OE or CAS to Output High Impedance 0 20 0 25 0 30 ns 11,14,15 

23 tAR Column Address Hold Time from RAS 60 - 70 - 80 - ns 

24 tRAD RAS to Column Address Delay Time 20 40 20 55 25 65 ns I 

25 IRSH(W) RAS Hold Time in Write Cycle 30 - 35 - 40 - ns 

26 tcwL Write Command to CAS Lead Time 25 - 35 - 40 - ns 

27 twcs Write Command Set-up Time 0 - 0 - 0 - ns 8,9 

28 twcH 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 IRwL Write Command to RAS Lead Time 25 - 35 - 40 - ns 

32 tos Data-In Set-up Time 0 - 0 - 0 - ns 10 

33 tmr Data-In Hold Time 15 - 20 - 25 - ns IO 

34 twoH Write io OE Hold Time 20 - 25 - 30 - ns 

35 torn OE to Data Delay 20 - 25 - 30 - ns 

36 lRWC Read-Modify-Write (RMW) Cycle Time 220 - 265 - 305 - ns 
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HY51C4256 262,144X4-Bit CMOS DRAM 

HY51C4~; 
:-;- . ·""'.':" 

''. 

# SYMBOL PAR;\METEli '' 
,:-::· so· IO 12 UNIT NOTE 

'L ··~ 
MIN:· MAX. MJN,, MAX. MIN. MAX. 

~ 

37 tRRW RAS Pulse Width (RMW) 140 - 175 - 205 - ns 

38 tcwo CAS to WE Delay 60 - 70 - 80 - ns 

39 tRWD RAS to WE Delay 110 - 135 - 160 - ns 

40 tcRW CAS Pulse Width (RMW) 90 - 110 - 125 - ns 

41 tAWD Column Address to WE Delay 70 - 80 - 85 - ns 

42 tpcM Fast page mode Read"Modify-Write Cycle 50 - 65 - 75 - ns 

43 tcp CAS Precharge Time 10 - 20 - 25 - ns 

44 tcAR Column Address to RAS Set-up Time 40 - 45 - 55 - ns 

45 le AP Access Time from Column Precharge - 45 - 60 - 70 ns 

46 toHR Data-In Hold Time Referenced to RAS 60 - .70 - 80 - ns 

47 tcsR CAS Set-up Time (CAS Before RAS Cycle) 10 - 10 - 10 - ns 

48 t&PC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

49 tcHR CAS Hold Time (CAS Before RAS Cycle) 20 - 30 - 40 - ns 

50 tT Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 

51 tRI Refresh Interval (512 Cycle) - 8 - 8 - 8 ms 

NOTES: 
I Operation within the tRAo (max.) limit insures that tRAc (max.) can be met. tRAo (max.) is specified as a reference point only. If lRAo is greater than the 

specified lRAo (max.) limit, then the access time is controlled by tcAA and tcAc· 

8 

8 

8 

12 

13 

16 

2. tRrn'(max.) is specified for reference only. Operation within tRrn (max.) and tRAO (max.) limit insures that lRAC (max.) and tcAA (max.) can be met. If tRm is 
greater than the specified tRm (max.) then the access time is controlled by tcAA and tcAc· 

3. Assume tRAD :S tRAD (max.). If tRAD is greater than lRAO (max.) then tRAc will increase by the amount that tRAD exceeds tRAo (max.). 
4. Assume lRCL> :S tRc1> (max.). If tRm is greater than tRm (max.) then tRAc: will increase by the amount that tRrn exceeds tiirn (max.). 
5. Measured with a load equivalent to two TTL loads and IOOpF. 
6. Assume tRAD ~ lRAo (max.). 
7. Either tRRH or tRrn must be satisfied for a read cycle. 
8. lwcs. lRwD• tAwo. lcw1> are not restrictive operating paramc:ters. 
9. lwcs (min.) must be satisfied in the early write cycle. 

10. tos and t1>H are referenced to' the latter occurence of CAS or WE. 
11. tHz 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 tcAA• lcAC• or tcAP· 
13. IT is measured between V1H (min.) and V1L (max.) AC Measurements assume IT= 5 ns. 
14. Assume tri-state test load (5 pf and a 380 Ohm Thevenin equivalent) 
15. At any given temperature and voltage combination, coincident deselection/selection is permissible for wired-OR devices. 
16. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycle (any combination 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, Voo=SV± 10%, Yss=OV, unless othetwise noted) 

. 

Address, Data Input 6 pf 

8 pf 

Cour Data Output 8 pf 

NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 
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HY51C4256 262,144X4-Bit CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 

•--------------tRC(2)-------------•I 

-IRP(3)-

V1H -------i 1---------IAAS(1),---------1 i---------.,i 
V1L - l'tl•-----1AR(23)-----t .. I 

•--------1CSH(4)1--+------1 

-tRCD(6)-l------t-IRSH(R)(12)--+--•I -tcRP(13)-

CAS 
V1H-

V1L-
IRAD(24) 

V1H-

Ao-As V1L-

WE 
V1H-

V1L-

V1H-

V1L-

-tCAC(18)-

l------IRAC(19)'-1---------t .. I 

1/0 
..ii!!'----------. VoH

VoL - ---------HIGH-z--...... ---""'11 VALID DATA OUT 

EARLY WRITE CYCLE 

Ao-As 

1/0 

V1H-

V1L-

V1H

-------i l4---------IRAS(1)---------I 1.-------....J 

ICRP(13) 

1" .. 1-----IAR(23)----•1 

1+--------ICSH(4),---+------1 .. 1 

-tRCD(6)~1-----+--tASH(W)(25)--+---.. 1 

V1L-"-''-'"""'-'-'1~;.;;.;.;;j;;;.;;.l('"-'"""ll-.... --+---...Jf""'"""""""''-'"""" .... '-''""'+-"""'~~'""' ...... "-1"-''""'"""" ...... .., '-----

V1H-

V1L --'-"'-~'""'..l.."'-~'-4..l...l-"'-1 .... - .... _-+ ___ ...,._'--'~'""'-'-...... "-'~I--'-"-'-...... "-''-'"""""'""'-'--'-"""""""'""""""-"""'"-'-

V1H-

V1L -""''-'"""""-""""~-'-~"""''--''""'-'-"'-"+-I"""""""'+"-''-'"""""-'--'-...... "-''-'-"'-'-...... """"""""" ................ "-' ............................................................ . 

V1H-

V1L -----------...cl ,_ ______ ... 1>----------HIGH·Z----------
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HY51C4256 262,144X4-Bit CMOS DRAM 

WRITE CYCLE (OE CONTROILED) 

V1H - -------i ·---------tRAS(1) _________ , IP--------...i 
V1L - 1\1'"1-----tAR(23)------· 

tcsH(4). 

CfiE 
V1H-

V1L-

V1H-
Ao-Ae 

V1L-

WE V1H-

V1L--

V1H-

V1L-

~1 -IOH(33)-

1/0 
V1H-

VALID DATA IN 
V1L-

READ-MODIFY-WRITE CYCLE 

Ao-Ae 

WE 

'OE 

1/0 
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V1H -------i l---------------IRRW(37)--------------· 

V1L -- ~l-----IAR(23)------· 

V1H-

V1L-

V1H --

V1L-

V110H --

V110L --

1-------------+----ICSH(4)--------------< .. I 

ICRP(13) - -tRCD(6)-l---+-------IRSH(W)(25)----------i--1•I 

"'"o---+-------lcRW(40)---------11 

IRAD(24) 

COLUMN 
ADDRESS 

1-----+-----+-IRWD(39)-----------+t 

-tCAA(20)-

lcAC(16) 

l------IRAC(19)---i------t•I 

------HIGH-Z---+---lll 

ILZ(21)-

loED(35) 
----"-

IHZ(22) tos(32) 

VALID 

DATA OUT 

-tOH(33) 

VALID 

DATA IN 



HY51C4256 262,144X4-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

1+----------------IRAS(1)---------------

IRP(3) -
-tAA(23)-

lcRP(13) -

Ao-A a 
V1H-

V1L-

WE V1H-

V1L-

OE 
V1H-

V1L-

110 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L-

Ao-Aa 
V1H-

V1L-

WE 
V1H-

V1L-

OE 
V1H~ 

V1L-

1/0 
V1H-

V,L-
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HY51C4256 262,144X4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

Ao-Ae 

110 

V1H

14-----------------tRAS(1)--------------------<~I 

1----~tcsH(4)----•1 

-tRCD(6)

l4---l----IPCM(42)---+---10.1 

ICP(43) 

-tRSH(WX25)-

ViL - "'-"-''"""-...,., 

-tCAA(20)

+IOAC(17) 

IOED(35) 

twP(29) 

~ 1
- --ICAP(45)- IOED(35) --tCAP(45)- IOED(35) 

ICAq1s1 lt-j 1- ~ -1 1-
- IHZ(l!2) tcAc(18) - .I[ 

I I 

IHZ(22) I ) IHZ(22) 

-tRAC(19)- + + IOH(33) • 1- DH(33) -1-1 
---r I - ICAA(20) J, .._.. tcAA(20) . I 
~~ ~~ ~-

IOH(33) 

RAS-ONLY REFRESH CYCLE 

1---------------IRC(2)--------------I 

-tRP(3)-

~ 11---------IRAS(l)--------__.~1.11 RAS 
V1H-

V1L-

~ 

CAS 
V1L--

Ao-As ~~-~. ~::-llZL ROW ADD 7-llZl1/lllll!/OO/!J_j//Tffi. ROW ADDRESS 
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HY51C4256 262,144X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

1/0 
Vo,.
Vrn. -

-tRP(3)-

"''·---------IRAS(1)----------e.1.11 

-tRPC(48)-

lcP(43) 
1..-----lcHR(49)--------<~I 

-~-HZ(22-) ~~~~~~~-
~ HIGH·Z----------

Note: WE, OE, Ao-Aa=Don't care 

CAS-BEl'ORE-RAS REFRESH COUNTER TEST CYCLE 

CAS 

Ao-As 

READ 

WE 

OE 

1/0 

Vu1 - -----..i l·-----IRAS(1) 

Vu-

-tCHR(49)-- --tcP(43)- 1'4-------IRSH(W)(25)-----•I 

v, .. -
Vu -

Vu,-
V11-

CYCLE 

Vu,-
V11-

1------IROH(16)----+---1 

VH-
Vu-

Vou - ---------HIGH-Z-------+.'"-----1.11 
Vrn - VALID DATA our 

WRUI<: CYCLE 
1---+-+-------IRWL(31) ------4--<•I 

--i-+-----tcwL(26)-------1~1 

v, .. -
Vu -..._ ..... .._....._..._..._. ........... ...._ ..... ._. ...... ..._..._. ....... _._.,.__-++--------~.._..._......__._.._.....,....,_._.._...,.....,...., ..... ...,. 

Vu,-

Vu - ............................................................ ..._.....,....,..._._._.._._.....,.....,_._.._._. ........... .._ ...... ...._..._.._._....._..._._. ...... _._..__.._.....,.._.,. 

1/0 Vu•-------
V11-
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HY51C4256 262,144X4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (READ) 

l4---------tRC(2)--------•1·--------1RC(2)---------1 

14-----tRAS(1)------+I 

Ac-Aa 
V1H-

V1L-

V1H-

V1L-

V1H-
OE" V1L-

-- tcAC(18)-+ - tLZ(21) 
tRAC(19) 

110 
VoH-

HIGH-Z VALID DATA OUT 
VoL- JJ-~~HIGH-Z----~ 
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HY51C4256 262,144X4-Bit CMOS DRAM 

HIDDEN REFRESH ·CYCLE (WRITE) 

Ao-Aa 

WE 

OE 

110 

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L --

V1H-

VIL --

l4--------tRC(2)--------·l•-------lRC(2)----------<•I 

14-----lRAS(1)-----•I 

VALID DATA IN 

toHR(46) 
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HY51C4256 262,144X4-Bit CMOS DRAM 

FUNCTIONAL DESCRIPfION 
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 tius timing specification. This 
ensures proper device operation and data inte
grity. Additionally, a new cycle cannot be ini
tiated until the minimum precharge time, tRP, 
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 tAR. Data 
out is controlled by the Out Enable(OE) and 
CAS(See the write cycle description). 

Data out becomes valid only when tRAc, 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 perfomied 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 (1/0) 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 1/0 
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 1/0. 

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 HYS1C4256 
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 tillle 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(A0 th

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

2. CAS-Before-RAS refresh cycle : If CAS go 
low prior to RAS go low, the chi_p enters 
CAS-Before-RAS refresh cycle. The HYSl C4256 
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 



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 HY51C42S6 offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V1L and an "extra 
high" V 111 within 0.2V of Von· While the RAS 
clock is at the "extra high" level, the HY51C4256 
power consumption is reduced to the low Ions 
level. Ovcmll l 0 u consumption when operating 
in this mcxlc can be calculated as follows : 

I 
tRX 

Where l1u · = Refersh Cycle Time 
t1tx =Refresh Interval/512 

FAST PAGI<: 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 RA'S low while successive CAS ~ycles are 
performt.~ 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 tl\sc and h 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 tcAP dependent. If 
the column adderess is valid prior to or coinci-

HY51C4256 262,144X4-Bit CMOS DRAM 

dent with the rising edge of CAS, then the ac
cess time is determined by the rising edge of 
CAS specified by tcAP as shown in figure 1. If 
the column address is valid after the rising edge 
of CAS, then the access time is determined by 
the valid column address specified by tcAA• For 
both 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: 

Data Rate 
512 

DATA OUT OPERATION 

The HY51C4256 input/output(l/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 memocy 
cycle is initiated by a RAS low transition, a 
CAS low transition or a CA,S low level enables 
the internal 1/0 data path. ACAS 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 1/0 data path, nor 
on the output driver. 

An OE low transiton or an OE low level ena
bles the output driver when the 1/0 data path 
is enabled. An OE 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(tns). A 
WE high transition passes control of the output 
drive to OE. 
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HY51C4256 262,144X4-Bit CMOS DRAM 

POWER ON 

An initial pause of 200 µs is required after the 
application of the V oo supply, followed by a mi
ni~um 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). 

The V 00 current Cloo) requirement of the HY 
S 1 C4256 during power on is dependent upon 
the input levels ofRAS and CAS. IfRAS=Vss 
during power on, the d~vice would go into an 
active cycle and Ion would exhibit large current 
transients. It is recommended that RAS and 
CAS track with V 00 or be held at a valid Vm 
during power on. 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

V1H-
CAS V1L-

Ao-A a V1H- VALID VALID 
V1L- COLUMN ADDRESS COLUMN ADDRESS 

-~#-~ -·~·-~ >-) VoH-
VALID DATA VALID DATA Dour 

VoL-
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HY51C4256 262,144X4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20 PIN PIASTIC DUAL IN LINE PACKAGE - 300 MIL 

-----~----· -----Or-' 
I 

I LJ LJ LJ LJ ""''~"'----
r---0.957(24.308) 

i~ 
dd 

~~ 
dd 

~~~~~_[ 

0.049(1.245) 
0.029(0.737) 

0.060( 1.524) 
0.050(1.270) 

I 
-1-

0.021 (0.533) 
0.016(0.406) 

_I 
~~ 
~~ 

0.100 BSC d d 
(2.540) 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

0.0200(0.5080) 
·- 0.0160(0.4064) 

J_ 
t 
j~ 
dd 

Ii 

MAX 
UNIT : INCH(mm) MIN 

0.300 BSC 
- (7.620) -

0.295(7.493) 
- 0.275(7.239)-

l 

l 
rn ] i 

: l 
l 

MAX 
UNIT : INCH(mm) MIN 
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DESCRIPTION 

The HYS31000 is a high speed, low power 
1,048,576 X 1 bit CMOS dynamic random ac
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HYS31000 offers a fast 
page mode for high bandwidth 1 operation, fast 
usable speed, CMOS standby current, and 
inherently high CMOS reliability. 

All inputs and output are TIL 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 HYS31000 design is optimized for cache 
based mainframe and minicomputers, graph
ics, digital signal proces.sing:, and high peifonn
ance microprocessor systems. 

BLOCK DIAGRAM 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

MEMORY ARRAY 

DATA 
OUTPUT 
BUFFER 

DATA 
INPUT 

BUFFER 

-- Voo 

- Vss 

M1712028-JAN92 

FEATURES 
• Low power dissipation 

-Operating Current, lOOns : 55mA(max.) 
- TIL Standby Current : 2mA(max.) 
- CMOS Standby Current : lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-before-RAS Refresh 

Capability 
• Common 1/0 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) 

HYS31~ HYS3Jtl00-70 HY53Jlm80 HYSJJIMM)..JO 

Max RAS Access 

Time, tRAc 
60 70 80 JOO 

Max CAS Access 

Time, tcAc 
20 20 20 25 

Min Fast Page Mode 
40 

Cycle Time, trc 
40 45 55 

Min Cycle Time, tRcj 120 130 150 180 

PIN CONNECTIONS 

D1N 

WE 

RAS D1N 

NC WE 
RAS 

Ao NC 
NC 

A1 

A2 Ao 18 

A3 
A1 17 
A2 16 

Voo A3 15 
Voo 14 

P-DIP SOJ 

PIN NAMES 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Ao-Ag ADDRESS INPUT 

D1N DATA INPUT 
--- ------j 

Dour DATA OUTPUT 

VDo POWER(+5V) 

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

ABSOLUTE MAXIMUM RATINGS 

SYMBOL · .. PARAME'fElf 
.•'. ·.:..: 

·1"TING •: _±. tJNf:f; 'k ·' I . 
TA Ambient Temperature 0 to 70 oc 
TsTG Storage Temperature -SS to ISO oc 
VTERM Voltage on Any Pin Relative to V ss -1.0 to 7.0 v 
Yoo Voltage on V oo Relative to V ss -1.0 to 7.0 v 
Io UT Short Circuit Output Current so mA 

PT Power Dissipation 0.6 w 
NOTE : Stress above those listed under "Absolute Maximum Rating" might cause permanent damage to the device. 

DC CHARACTERISTICS 
(TA=O °C to 70 °C, Voo=SV± 10%, Vss=OV, unless othetwise noted.) 

SYMBOL PARAMITER )PEBD 
J;{f> .. ~s1iooo··· .:;1 

TEST CONDf:fl()NS UNlT . NOTE 
...:.. ...:.. 

' 'MIN: MAX . 
...::::.. 

I lu I Input Leakage Current(any input pin) Vs~V1N~Voo 10 µA 

I lw I 
Output Leakage Current for VssS:: Dm1T .s::Voo - 10 µA 
High Impedance State RAS, CAS at Vitt 

-60 - 8S 

-70 - 7S 
loot V oo Supply Current, Operating tRc=tRc(min.) mA 1, 2 

-80 - 6S 

-10 - SS 

1002 V oo Supply Current, TIL Standby 
RAS, CAS at Vrn 

2 mA 
other inputs L V ss 

-

-60 - 8S 

V oo Supply Current, -70 - 7S 
loo3 

RAS-only Refresh 
lRc = tRc(min.) mA 2 

-80 - 6S 

-10 - SS 

-60 - 6S 

Voo Supply Current, -70 - SS 
1004 Minimum Cycle mA 1, 2 

Fast page mode -80 - 4S 

-10 - 3S 

loos 
V oo Supply Current, RAS LVoo-0.2V, CAS= 

- 1 mA 
CMOS Standby Vrn, other inputs.2Yss 

-60 - 8S 

V DD Supply Current, -70 - 7S 
loD6 

CAS-Before-RAS Refresh 
tRc=tRc(min.) mA 2 

-80 - 6S 

-10 l - SS 

V1L Input Low Voltage(all inputs) -1 0.8 v 
Vrn Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage loL=4.2mA - 0.4 v 
Voit Output High Voltage loH=-SmA 2.4 - v 

NOTES: 
I. loo is dependent on output loading when the device output is selected. Specified Ioo(max.) is measured with output open. 
2. loo is dependent upon the number of address transitions, Specified 100(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 

AC CHARACTERISTICS 
(TA=O °C to 70 °C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

~ 
c:-t ? 

' i:rysJ 1000-'- l 
,;,, ;j . , .± 

# PARA.l\lJ:ET£R 01< 60' '1··.·r 70' 8& 
.·.· '• '• 

UNIT NOTE SYMBOL 10 

i\tu:; MIN; MAx;' ~IN. l\lJ:AX. MINt 
, ... •I' 

...L 
. 

""'" -"... 
MIN. MAX. ...i.· 

1 tRAS RAS Pulse Width 60 lOK 70 IOK 80 IOK 100 IOK ns 

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

3 tRP RAS Precharge Time 50 - so - 60 - 70 - ns 

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

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

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

7 tRAD RAS to Column Address Delay Tme 15 30 15 35 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 

IO tRCD RAS to CAS Delay 20 40 20 50 20 60 25 75 ns 2 Ill 
11 tRAc Access Time From RAS - 60 - 70 - 80 - 100 ns 3,4,5 

12 tAA Access Time From Column Address - 30 - 35 - 40 - 50 ns 5,7 

13 tcAC Access Time From CAS - 20 - 20 - 20 - 25 ns 5,6 

14 tcAS CAS Pulse Width 20 IOK 20 IOK 20 lOK 25 IOK ns 

15 tRsH RAS Hold Time 20 - 20 - 20 - 25 - ns 

16 tRcs Read Command Set-up Time 0 - 0 - 0 - 0 - ns 

17 tRCH Read Command Hold T1111e Referenced to CAS 0 - 0 - 0 - 0 - ns 8 

18 tRRH Read Command Hold T1111e Referenced to RAS 0 - 0 - 0 - 0 - ns 8 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

20 to FF Output Buffer Turn Off Delay 0 20 0 20 0 20 o· 20 ns 9 

21 toH Output Data Hold Time From CAS 0 - 0 - 0 - 0 - ns 9 

22 twp Write Pulse Width 15 - 15 - 15 - 20 - ns 

23 tcP CAS Precharge Time IO - IO - IO - IO - ns 

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

2S twcR Write Command Hold Time From RAS so - 55 - 60 - 75 - ns 

26 twcs Write Command Set-up Time 0 - 0 - 0 - 0 - ns IO 

27 twcH Write Command Hold Time 15 - 15 - 15 - 20 - ns 

28 tos Data-In Set-up Time 0 - 0 - 0 - 0 - ns 11 

29 toH Data-In Hold Time 15 - 15 - 15 - 20 - ns 11 

30 toHR Data-In Hold Time Reference to RAS 50 - 55 - 60 - 75 - ns 

31 tRwc RMW Cycle Time 14S - 15S - 17S - 210 - ns 

32 tRWD RAS to WE Delay in RMW Cycle 60 - 70 - 80 - 100 - ns IO 

33 tcwo CAS to WE Delay 20 - 20 - 20 - 25 - ns IO 

34 tAWD Column Address to WE Delay 30 - 3S - 40 - 50 - ns IO 

35 tcPA Access Time From CAS precharge - 35 - 3S - 40 - 50 ns 5,12 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

HY53tooo· \'; r 
-"'-· ...:;. 

# SYMBOL PARAMETER 60 76 
-:::-

80 
0 to UNIT !'iOT'E 

. MIN. MAX. MIN; MAX. MIN; MAX; ~IN. MAX. _:;_.::_ 

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

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

38 tRWL Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns 

39 tcWL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

40 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - 0 - ns 

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

42 tcHR CAS Hold Time ( CAS Before RAS Cycle) 15 - 15 - 15 - 20 - ns 

43 tcsH CAS Hold Time 60 - 70 - 80 - 100 - ns 

44 h Transition Time(Rise and Fall) 3 50 3 50 3 50 3 50 ns 13,14 

45 tcu CAS to output in Low-Z 0 - 0 - 0 - 0 - ns 5 

46 tREF Refresh Intenral(Sl2 Cycle) - 8 - 8 - 8 - 8 ms 15 

47 tRASP RAS Pulse Width Fast Page Mode 60 lOOK 70 lOOK 80 lOOK 100 lOOK ns 

48 tcPT CAS ~Tune (CBR Courier Test ()de) 40 - 40 - 40 - 50 - ns 

NOTES: 
1. Operation within the tRAn(max.) limit insures that IRAc(max.) can be met. tRAn(max.) is specified as a referenced point only. If tRAD is greater than the specified 

IRAn(max.) limit, then the access time is controlled by IAA· 
2. Operation within the IRcn(max.) limit insures that IRAc(max.) can be met. IRcnCmax.) is specified as a referenced point only. If tRcD is greater than the specified 

tRcn(max.) limit, then the access time is controlled by tcAC· 
3. Assume tRAoS.IRAn(max.). If tRAn is greater than tRAn(max.) then tRAc will increase by the amount that tRAD exceeds tRAn(max.). 
4. Assume tRCD.S.IRcD(max.). If tRCD is greater than tRcnCmax.) then tRAc will increase by the amount that IRCD exceeds IRcn(max.). 
5. Measured with a load equivalent to two TTL loads and 100 pf. 
6. Assumes that tRcD 2'.IRCD (max.), IRAD :'.".tRAn (max.) 
7. Assumes that IRCD <;tRcnCmax.) and IRAD ~tRAn(max.) 
8. Either tRRH or tRCH must be satisfied for a read cycle. 
9. toFF and toH define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

10. twcs• tRWD• tcwn and tA WD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs 2'.t w cs 
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ; if IRWD 2'.t R WD (min), 
tcwn 2'.tcwn(min) and tAwn 2'.tAwn(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. 

11. tns and toH are referenced to the latter occurence of CAS or WE 
12. Access time is determined by the longer of IAA, tcAC• or tcPA· 
13. IT is measured between Vm(min.) and V1L(max.). 
14. AC measurements assume IT=5ns. 
15. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycles( any combination 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=2S °C, Vnn=SV± 10%, Vss=OV, unless otheiwise noted) 

SVMBOL· ,, ' PARAMETER TYJ>. MAX. UNIT 

CtNI Address, Data In - 5 pF 

CtN2 RAS, CAS, WE - 7 pF 

Co UT Data Out - 7 pF 

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

TIMING DIAGRAM 

READ CYC'LF: 

WE 

Dou1 

1------------------IRC121-----------------1 

V,., _ ... ----o.J l•---------1AR(24)---'------1 

"l·------------IRAS111----+-------v,, -

V111 .... ,_ 

V11 ... __ _ 

v,,. 
V11 

v ..... 
v, .. 

IASA1•1 -

-tRAH(51-

ROW 
ADDRESS 

1----IRAD(71----~1 

1-------IRco1101--+---•1 

IRCS(16) 

-lcAC(131-

- tAAP21-

lcLZi•51 I ---
1----------tRAC(111-----'---~~-1 

lr--+----------+--........ 1 

-----1-------HIGH-Z--------_,,/ VALID DATA OUT 

1-..---------tcsH1•J1---------1 

EARi .\' WRITE CYCLE 

Ao-A9 

CAS 

WE 

D1N 

Dour 

v .. 
V, 

v .. 
v., 

v ... 
v .. 

v .. 
v., 

v" 
v 

V," 

v 

l------------------IRC121----------------~I 

l+------------IAAS111-----------·l.ll 

1----------IAR1241--------o•I 

ROW 
ADDRESS 

COLUMN 
ADDRESS 

IASC:81 - - ICAH(9)-

1-------tRCD!lOl-----•1 

!0HR1J01 

HIGH-Z 

lcRPi191 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

l------------------tRWC(31)-------------------t•I 

RAS 

tcRP(19) 

1-----tACD(1Q),-----I 

-tCAH(9)__.. 

tASA(4) tAAH(5) 

V1H

V1L - ~r~;.....j...j...--~ 
COLUMN 
ADDRESS 

1....---r---tAWD(34) ___ ___, .. , 

1-------~tRWD(32)+----+-------1 

WE V1H-

V1L - ---'--'~-1-'....l....I ...... "-' 

-tRCS(16)-

toS(28) 

V1H

l4----tRP(3)-

-tRWL(38)-1 

tcRP(17) 

-tCWL(39)-

--toH(29)-

V1L _ """"""'-""'-~'+-'--"--'....,_._-'-...._""'""""'-""'-""'--""'-~"'-- l'---VA_L_l_D_D_/i.._J._"A_IN __ .., .,__,......,......,......,...._.......,...._..._. ...... .._...._....._....._..._ 

-ICAC(13) 

-tAA(12) 

..--- IOFF(20) 

Dour 

tRAC(11) I 
lcLZ(45) -

VoH - -------HIGH-Z--------<11 
VoL-

VALID DATA OUT 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

Ao-Ag 

WE 

Dour 

V1H-

V1L--

V1H

V1L--

V1H-

V1L-

V1H-

V1L-

VoL-

1---------------IRASP(47) Sj 

FAST PAGE MODE EARLY WRITE CYCLE 

Ao-Ag 

V1H

V1L --

V1H -

V1L 

V1H-

V1L -

V1H

V1L -"""'-""-'-J...'-'-+flo+-+-..... l-'--'-""-'-"-""-f-fllo+~----il-'-""-""""-'-""-'"""' .... ""-'+1a.+~~-oljo-I"'"""-""-'-"'+"'-'"'""'""""'-""-""-'-

V1H--

V1L -- .. ___ <# "'-----o'I 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS V1H-
V1L-

CAS 
V1H-
V1L-

Ao-Ag V1H-
v,l-

WE 
V1H-
V1L-

D1N V1H-
v,l-

Dour 

RAS-ONLY REFRESH CYCLE 

1-----------------'----IRc121------------------•I 

1-----IRP131-

V1H - ----~ 1'-------------IRAS{ll-------------1 ~----------i 

Dour 
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HY531000 1,048,576 Xl-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

Dour 
VoH

VOL-

•---------IRASil),-------.. 1 

lcsR41l 
-lcPi231-- -tcHR(42)-

-IOFFi20) 

l>---------------~HIGH-z------------------
------"I 

Note: WE, Ao-Ag=Don't care 

HIDDEN REFRESH CYCLE (READ) 
-IRP(3)-

V1H - ---~ 1·------IRASil),-----.. 1 i.-----~ ··------IRAS(1)-----... , ___ _ 

V1L-

lcRPi191 
-1Rco1101- -tRSH(15)- lcHR(42) 

CAS 
V1H-

V,L-

IRAL(6)-

-IRA0(71-

IRAH(51 
IASRl•I - tcAH1g1 

Ao-Aq V1H- ROW 
V1L - ADDRESS 

IAR(241 

IRCS1161 -- tARH!18l 

WE 
V1H-

V1L-

kAC11J1 

IAA(12)-

tRAC1111 
I - tOFF!201 

DouT 
VoH-

Vo1-
HIGH-Z VALID DATA OUT 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

IDDDEN REFRESH CYCLE , (WRITE) 

1------IAAS(1J----~ .. -tAPi31- 1-------IAAS(1J-----•I 

ICAP119J 
lRSH(15) 

tcHR(42) -- -tACDl10J-

CAS V1H-

V1L-· 

IAA(24) 

IASCISJ 

IASR(4J - - IAAH(5) -tcAH(9J._ 

V1H-
Ao-Ag 

V1L-

lwcR(25) 

- !wcH(27J 

WE 
V1H-

V1L ---:-

IOS(281 

- -tDH(29)--

D1N ViH - VALID DATA IN 
V1L - '--"-'-J..l~"'-"'-'-'-'--"-'-""-'""' l'ii.---------11 """""'"""'"'-""""""""~~""-'-'""""J..l-'-""-''-"'""-"'-1""""-"""'-'-"-' ...... 

------!oHR(30) ------ 1 

Dour 
VoH-
VoL~---------------------~HIGH-Z~----------....,_,..,......,.._ _______ __ 
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HY531000 1,048,576X 1-Bit CMOS DRAM 

CAS-BEFORE"'.RAS,~c·QEFRESH COUNTER TEST CYCLE 

14---------------IRAS(l) -----------•I 

lcsR(41) l------tRSH(15)'-----__,•1 

-tcHR(42>- -tcPT(23)- ICAS(14) ____ , 

GAS 
V1H-
V1L-

Ao-A9 
V1H-
V1L-

READ CYCLE 

DouT 
VOH-
VoL-

Ill 
-tRCS(16)--+ lcLZ(45) - IRRH(18) 

WE 
V1H-
V1L-

-tRCH(17)-

WRITE CYCLE 

DouT 
VoH-

VoL-

V1H-
--twcsi2s)-

--twcH(27)-

WE V1L-

~~,,~,~ _,,~,~~ 
~::=!/Ji !II !I/Ill! //I !/IA VALID DATA INWlllll/////J////ffi 

3-75 



HY531000 l,048,576X I-Bit CMOS DRAM 

FUNCTIONAL DESCRIPilON 

The HY531000 is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar 
to a traditional dynamic RAM. The HY531000 
reads and writes data by multiplexing 20 bit add
ress into iO 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 opera~ion and data inte
grity. Additionally, a new cycle can not be ini
tiated until the minimum precharge time tRrlkr 
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 tAA. 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
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 main1ain the data .output 
(DoVT) 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(Ao 

through As) with RAS at least evecy 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 
then verify the data which has been written by 
512 consecutive read cycles. 

The HY531000 offers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid Y1L and an "extra high" 
V1H within 0.2V of Von. While the RAS clock 
is at the "extra high" level, the HY531000 
power consumption is reduced to the low loos 

level. Overall Inn consumption when operating 



in this mode can be calculated as follows : 

I= 
(tRc) X (I active)+ (tRX-tRc) X Cloos) 

tRx 

Where tRc =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 acces&Xl at a high data rate. Main
taining RAS low while sucessive CAS cycles 
are performed retains the row address internal
ly, eliminating the need to reapply it. The 
column address buffer acts as a transparent 
or flow through latch while CAS is high. Access. 
begins from the valid column address rather 
than from CAS, eliminating tAsc and h 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 tcAP dependent. If 
the column address is valid prior to or coinci
dent by tcAP as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tAA. For both 
cases, the falling edge of CAS latches the add
ress and enable the output. 

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

Data Rate= 
1024 

tRc + 1023 X tpc 

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

DATA RETENTION MODE 

The HY531000 data output (DoUT), which 
has tri-state capability, is controlled by CAS. 
During a CAS the high state ( CAS at V1u), the 
data output is in the high impedance state. The 
following table summarize the DoUT state for 
various types of cycles. 
,-

.· CYCLE DoUTSTATE 

Read Cycle Data from Addressed 
Memory Cell 

CAS Controlled Write Cycle 
(Early Write) 

High Impedance 

WE Controlled Write Cycle 
(Late Write) 

Active, Not Valid 

Read-Modify-Write Cycle Data from Addressed 
Memory Cell 

I-

Fast Page Mode Read Cycle Data from Addressed 
Memory Cell 

I-

Fast Pa~ Mode Write Cycl~ 
(Early rite) 

High Impedance 

Fast Pa~ Mode Read- Data from Addressed 
Modify- rite Cycle Memory Cell 

RAS-Only Refresh Cycle High Impedance 

CAS-Before-RAS Refresh Data remain the previous 
Cycle chcle's state 

( igh impedance or low 
impedance) 

CAS-Only Cycle High Impedance 

POWER ON 
An initial pause of 200 µs is required after the 

application of V oo 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 V oo current ( loo) requirement of the 
HY531000 during power on is dependent upon 
the input levels of RAS and CAS. If RAS= V ss 
during power on, the device will go into an 
active and loo will exhibit large current 
transients. It is recommended that RAS and CAS 
track with Yoo or be held at a valid VIH level 
during power on. 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

AJ-Ag 

Dour 
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HY531000 1,048.576X 1-Bit CMOS DRAM 

PACKAGE INFORMATION 

18 PIN Pl.ASTIC DUAL IN LINE PACKAGE - 300 MIL 

j 

+ -------+---------$---
~ ! 

I LJ LJ LJ L ...,,'.,.,., 

f---0.865(21.971) ______ , 

0.050(1.270) 
0.030(0.762) 

0.065(1.650) 
0.050(1.270) 

0.021(0.533)-
0.016(0.406) 0_100 BSC 

(2.540) 

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

0.0200(0.5080) 
- 0.0160(0.4064) 

0.0320(0.8128) 
- 0.0260(0.6604) 

MAX 
UNIT : INCH(mm) -

MIN 

_ o.300 ssc _J 
(7.620) 

-~~~~-=~-· 

UNIT : INCH(mm) MAX 
MIN 
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DESCRIPfION 

The HYS31CXX)A is a high speed, low power 
1,048,576X 1 bit CMOS dynamic random ac
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HYS31000A offers a fast 
page mode for high bandwidth fast usable 
speed, CMOS standby current and inherently 
high CMOS reliability. 

All inputs and outputs are TIL 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 HYS31000A design is optimized for 
cache based mainframe, minicomputers, 
graphics, digital signal processing and high pe
rformance microprocessor systems. 

BLOCK DIAGRAM 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

MEMORY ARRAY 

DATA 
OUTPUT 
BUFFER 

DATA 
INPUT 

BUFFER 

PRELIMINARY 

FEATURES 

• Low power dissipation for The HY531000A 
-Operating Current, 60ns : 85mA(max.) 
-TTL Standby Current : 2mA(max.) 
-CMOS Standby Current: lmA(max.) 

Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS 

Refresh Capability 
• Common 1/0 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) 

HY531000Mi0 HY531000A-70 llY531000A-30 

Max RAS Access 
60 70 80 

Time, tRAc 

Max CAS Access 
20 20 20 

Time, tcAc 

Min Fast Page Mod~ 
40 40 45 

Cycle Time, tpc 

Min Cycle Time, tRc 110 130 150 

PIN CONNECTIONS 

D1N Vss 

WE Dour 

RAS - GAS D1N Vss 

NC 
WE Dour Ag FiAS CA8 

Ao As 
NC NC 
NC Ag 

Al A7 

A2 As Ao Ap, 
A3 A5 

Al A7 
o Dour A2 At> 

Voo A.i A3 A5 
Voo A.i 

(P-DIP) (SOJ) 

PIN NAMES 
RAS ROW ADDRESS STROBE 

CA5 COLUMN ADDRESS STROBE 

-vss iNE WRITE ENABLE 

Ao-Ag ADDRESS INPUT 

D1N DATA INPUT 

Dour DATA OUTPUT 

voo POWER(+5V) 

Vss GROUND 
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HY531000A 1"048"576X 1-Bit CMOS DRAM 

ABSOLUTE ·MAXIMUM RATINGS 

SYMBOL PARAMETER 
....:. 

RA~G UNIT' 

Ta1As Ambient Temperature Under Bias 0 to 70 "c 

TsTG Storage Temperature(Plastic) -SS to +lSO "c 

VTERM Voltage on Any Pin Except Yoo Relative to Vss -1.0 to 7.0 v 
Yoo Voltage on V oo Relative to V ss -1.0 to 7.0 v 
IouT Data Out Current so mA 

PT 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, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) 

I HY531000A 
SYMBOL PARAMETER TEST CONDmONS SPEED UNIT NOTE 

MIN. MAX. 

I Iu I Input Leakage Current(any input pin) Vss~VIN~Voo 10 µA 

I Iw I Output Leakage Current for Vss~,OoUT::;Voo 
10 

High Impedance State RAS, CAS at Vm 

-60 8S 

Iom Yoo Supply Current, Operating tRc = tRc(min.) -70 7S 1, 2 

-80 6S 

V DD Supply Current, TTL Standby 
RAS, CAS at Vm 

mA 1002 2 
other inputs>Vss 

-60 8S 

Io03 
Yoo Supply Current, 

tRc=tRcCmin.) -70 7S mA 2 
RAS-only Refresh 

-80 6S 

-60 70 

1004 
Yoo Supply Current, 

Minimum Cycle -70 SS mA 1, 2 
Fast Page Mode 

-80 4S 

V oo Supply Current, RAS~ Yoo-0.2V, 

loos CMOS Standby CAS=Vm, other 1 mA 1, 2 

inputs~Yss 

-60 8S 

Ioo6 
Yoo Supply Current, 

tRc=tRc(min.) -70 7S mA 2 
CAS-Before-RAS Refresh 

-80 6S 

V1L Input Low Voltage(all inputs) -1 0.8 v 
Yrn Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage IoL=4.2mA 0.4 v 
Yott Output High Voltage Iott=-SmA 2.4 v 

NOTES: 

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

mode. 
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HY531000A 1,048,576Xl-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

' .. HYS3IOOQA 
.,.,, .. · .. 

' ··~ 
# SYMBOL ·P~;rEJt (,() '70,~_s: ' _:_;;;_ '..80'.:, ,. .UNIT NOTE 

... 

J:.. 2 ''..£ _;;,. MIN. MAX. MIN •. MAX. ~ .. ·MAX. 
~ ~ 

1 tRAs RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

2 tRC Random Read or Write Cycle Time 110 130 150 ns 

3 tRP RAS Precharge Time 40 so 60 ns 

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

s tRAH Row Address Hold Time 10 10 10 ns 

6 tRAL Column Address to RAS Lead Time 30 3S 40 ns 

7 tRAD RAS to Column Address Delay Time lS 30 lS 35 lS 40 ns 1 

8 tAsc Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time lS lS lS ns 

10 tRCD RAS to CAS Delay 20 40 20 so 20 60 ns 2 II 
11 tRAc Access Time From RAS 60 70 80 ns 3, 4, s 
12 tAA Access Time From Column Address 30 3S 40 ns S, 6, 12 

13 tcAC Access Time From CAS 20 20 20 ns 6, 12 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 20 lOK ns 

IS tRSH RAS Hold Time 20 20 20 ns 

16 tRCS Read Command Set-up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 7 

18 lRRH Read Command Hold Time Referenced to ~ 0 0 0 ns 7 

19 tcRP CAS to RAS Precharge Time s s 5 ns 

20 to FF Output Buffer Tum Off Delay 0 20 0 20 0 20 ns 8 

2I foH Output Data Hold Time From CAS 0 0 0 ns 8 

22 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 so SS 60 ns 

2S twcR Write Command Hold Time From RAS so SS 60 ns 
--

26 twcs Write Command Set-up Time 0 0 0 ns 9, IO. 

27 twcH Write Command Hold Time IS IS 15 ns .. ., . 

28 tos DAta-In Set-up Time 0 0 0 ns 11 

29 toH Data-In Hold Time lS lS lS ns 11 

30 to HR Data-In Hold Time Reference to RAS so S5 60 ns 

3I tRwc RMW Cycle Time I3S ISS 17S ns 

32 tRWD RAS to WE Delay in RMW Cycle 60 70 80 ns 9 

33 tcwo CAS to WE Delay 20 20 20 ns 9 

34 tAwo Column Address to WE Delay 30 35 40 ns 9 

3S tcAP Access Time From CAS precharge 3S 3S 40 ns I2 
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36 tPC Fast page mode Read or Write Cycle time 40 40 4S ns 

37 tpeM Fast page mode Read-Modify-Write Cycle 6S 6S 70 ns 

38 tRWL Write Command to RAS Lead Time 20 20 20 ns 

,39 tcWL Write Command to CAS Lead Time 20 20 20 ns 

40 tRPC RAS to CAS Precharge Time 0 0 0 ns 

41 fcsR CAS Set-up Time(CAS Before RAS Cycle) s s s ns 

42 fcHR CAS Hold Time( CAS Before RAS Cycle) lS lS lS ns 

43 fcsH CAS Hold Time 60 70 80 ns 

44 tT Transition Time(Rise and Fall) 3 so 3 so 3 so ns 13, 14 

4S tcu CAS to output in Low-z 0 0 0 ns 

46 tREF Refresh Interval(S12 Cycle) 8 8 8 ms 

47 tRASp RAS Pulse width (Fast Page Mode) 60 lOOK 70 lOOK 80 lOOK ns 

48 tcPT CAS Precharge Time(CBR counter Test Cycle) 40 40 40 ns 

NOTES: 
1. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAO(max.) is specified as a referenced point only. IflRAO is greater than the specified 

tRAD(max.) limit, then the access time is controlled by tAA and tcAC· 
2. tRcoCmax.) is specified for reference only. Operation within IRco(max.) and tRAO(max.) limit insure that tRAc(max.) and tAA (max.) can be met. If tRcD 

is greater than the specified tRcoCmax.) then the access time is controlled by tAA and tcAC· 
3. Assume tiuo<IRAo(max.) If tRAD is greater than tRAD(max.) then tRAc will increase by the amount that tRAD exceeds tRAO(max.) 
4. Assume lRco<"tRcoCmax.). If lRco is greater than tRcoCmax.) then tRAc will increase by the amount that tRCD ex.;;e~ lRcoCmax.) 
5. Measured with-a load equivalent to two TfL loads and lOOpF. 

6. Assume t}uo>tRAD(max.) 
7. Either lRRJI o"i tRcH must be satisfied for a read cycle. 
8. toFF and toH define the time at which.the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
9. twcs. twffc, twffR, tRwo. tAwo. tcwo are not restrictive operating parameters. 

10. twcs(min.) must be satisfied in the early write cycle. 
11. tos and tnH are referenced to the latter occurenced of 00 or WE. 
12. Access time is determined by the longer of IAA, tcAC or tcAP· 
13. lT is measured between Vm(min.) and V1L(max.). 
14. AC measurements assume cy=5ns 
15. An initial pause of 200f1S is required after power-up and followed by a minimum of 8 initialization cycle(any combination 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, Voo=SV± 10%, Vss=OV, unless otheiwise noted) 

Address, Data In s pF 

7 pF 

Co UT Data Out 7 pF 

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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HY531000A 1,048,576X 1-Bit CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

WE" 

Dour 

t+------------------IAC(2)-----------------I 

V1H - -.. -. ---~ 11----------1AA(24)-------•I 
V1L - " 1·------------IRAS(1) ___________ ,,: .. .....----

V1H 
V1L 

VoH-
VoL-

IASR(4) -

-IAAH(S)-

ROW 
ADDRESS 

_,CAS(14)-

+-ICAC(13)

-tAA(t2) -

lcLZ(45) 1-
l4----------IRAC(11)--~----'l--_.I 

r---+--------------------------+------..1 ____ _. ______ HIGH-Z---------lll VALID DATA 

lcsH(43J _________ , -IOH(2t) 

EARl.Y WRITE CYCLE 

• 
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HY531000A 1,048,576X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

l------------------tRWC(31)------------------<--I 
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HY531000A 1,048,576Xl-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

1---------------tRASP(47)----~s~s-------1 

Ao-Ag 
V1H-
V1L-

Ill 
WE 

V1H--
V1L-

Dour 
VoL-

FAST PAGE MODE EARLY WRITE CYCLE 

V1H

V1L - """'-"'-'--"-'-+ .... -+--.-.-'--""-'"-'-+ ..... -+---~-'-........... -'-"-'-'--'-~ .......... --..... ""-'""""'-"'~-"'---"""""'""-

DIN 
V1H-

V1L -- .. _ ...... -"'"" 1"-----"4 
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HY531000A · 1,048,576X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

"RAS V1H-
V1L.-

CAS 
V1H-

V1L-

A-0-As 
V1H-

V1L-

V1H-
WE V1L-

D1N 
V1H-

V1L-

VoH-
Dour VoL-

RAS-ONLY REFRESH CYCLE 

Ao-Ag 

Dour 
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l-----tRP(3)-

l4-------------1RAS(1)-----------.-1 Jr----------.J 

ROW 
ADDRESS 

VoH-
VoL _~--------------------HIGH-Z----~-~----~----------



HY531000A 1,048,576X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

1---------tRAS(1)---------4 .. I 

tcsP(41l 

-tCP(23)- - -tCHR(42)-

Dour 
VoH
VoL-

~!'....____~~, -r-- HIGH-z-----------------

Note: WE, Ao-As= Don't care 

lllDDEN REFRESH CYCLE (READ) 

Dour 

V1H

V1L-

-----.! 1------IRAS(1J-----.. 1 

ICRP(19) 

-tRC0(10)- -tRSH(15)-

1ASC(8) 

IRAL.(6)-

-IRA0(7)-

IRAH(5) 

IASR(4)- ICAH(9) 

1---~-IAR(24J--+-+---o .. , 

IRCS(16) 

V1H-
V1L - _.._._._-'!-___ _, 

1- lcACi13) 

-tAA(12) -

1------tRAC(11
1
--I ___ , 

VoH - -------HIGH-z---..... (1/ 
Vm-

l-----lcHR(42) ___ _ 

-- IRRH(18) 

- loFF120) 

VALID DATA 
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HY531000A 1,048,576X 1-Bit CMOS DRAM 

lllDDEN REFRESH CYCLE (WRITE) 

J-4------IRAS(1)-----1 -IRP(Jl- 14------IRAS(11 _____ , 

ICRP(19) - -tRCD(10)--
IRSH(15) 

tcHR(42) 

CA'S V1H-

V1L-

IAR(24) 

IASC(8) 

IASR(4) - -- IRAH(5) -tcAH(9)-+ 

Ao-Ag 
V1H-

V1L-

twcR(25) 

- twcH(27) 

WE 
V1H-

V1L-

loS(28) 

-tDH(29)-

D1N 
V1H

V1L - """"-'-""""-'-""""-'-"'-'-'-'--'-'-" r..._ __ v._'A_L_m_oA_r._'A __ ~ -"""""'""""""""'""""""-'-'-'-'--'-'-"'-'-'-"'-':...i.. .... '""""""-""""-'-"""-'-'-

------loHR(30) ___ _____... 

Dour 
VoH-
VoL--------------------------------HIGH-z-------------------------------------
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HY531000A 1,048,576Xl-Bit CMOS DRAM 

CAS·BEFORE•RAS'REFRESH COUNTER TEST CYCLE 

14---------------IRAS(1) -----------•I 

lcsR(41) r-------IRSH(15)-----<~1 

- 1cHR<42>- -tcP(2J)- ICAS(14) ____ , 

Ao-A9 

READ CYCLE 
- IOFF(20) • Dour VALID op;;.,, 

-tRCS(16)-+ lcLZ(45) - IRRH(18) 

Vitt _.,..,...,...,...,~,..,.~,..,...,...,~,..,...,...,,..,......,~,...,.r------++-----------+------....,...,.-i'""""" 
V1L - ___ ...... _____ ._.._ ............................ _ 

-tRCH(17)-

WRITE CYCLE 

Dour 
Vott-
VoL _ -----------------HIGH-Z-++--------------------

-tWCS(26) _.. 
-tWCH(27)-V1tt-

V1L- ..... -........_~-'-'"""'""'""'~"-'-'-"'-'""'""'....._"'-'""'-fl.._ ___ --++------..--'-'""".._.....,""-'-'-'"""'"'-'-'-"'-'-'-''"""..._ 
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HY531000A 1,048,576X 1-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 tRPitcP 
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 tAA. 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., 
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( Dom) 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 (Dom) 
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(Ao 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 1HY531000A 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 HY531000Aoffers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid V1L and an "extra high" 
Vm within 0.2V of V no. While the RAS clock 
is at the "extra high" level, the HY531000A 
power consumption is reduced to the low Im)6 

level. Overall loo consumption when operating 



in this mode can be calculated as follows : 

I= 
(tR<..) X (I active)+ (tRX-tRc) X Clm)6) 

tRX 

Where t1u·=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 tr from the 
critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write, and read
modify-writc, or read-write-read cycles are pos
sible at nmdom or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is tAA or tcAP dependent If 
the column address is valid prior to or coinci
dent by kAr 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 ca
ses, the falling edge of CAS latches the address 
and enuhle 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: 

Data Rutc= 
1024 

tRc + 1023 X trc 

HY531000A 1,048,576X 1-Bit CMOS DRAM 

DATA OUTPUT OPERATION 
The HYS31000A data output (DouT), which 

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

CYCLE Dom STATE 

Read Cycle Data from Addressed 
Memory Cell 

CAS Controlled Write Cycle 
(Early Write) 

High Impedance 

WE Controlled Write 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 Pa~ Mode Write Cycle 
(Early rite) 

High Impedance 

Fast Pa~ Mode Read- Data from Addressed 
Modify- rite Cycle Memory Cell 

RAS-Only Refresh Cycle High Impedance 

CAS-Before-RAS Refresh Data remain the previous 
Cycle cycle's state 

(High impedance or low 
unpedance) 

CAS-Only Cycle High Impedance 

POWER ON 

An initial pause of 200 µs is required after the 
application of V oo 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 V oo current ( loo.) requirement of the 
HY531 OOOA during power on is dependent upon 
the input levels of RAS and CAS. IfRAS=Vss 
during power on, the device will go into an ac
tive cycle and loo will exhibit large current tra
nsients. It is recommended that RAS and CAS 
track with V oo or be held at a valid Vm level 
during power on. 
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HY531000A 1,048,576X 1-Bit CMOS DRAM 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

Dour 
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HY531000A 1,048,576X 1-Bit CMOS DRAM 

• 18 PIN PIASTIC DUAL IN LINE PACKAGE - 300 MIL 

i 
+ -------+---------$-

+ ' 
I u LJ LJ L """'.,.,., 

f.----o.865(21.s11)------t 

0.050(1.270) 
0.000(0.762) 

0.065(1.650) 
0.050(1.270) 

0.021 (0.533)-
0.016(0.406) 0_100 BSC 

(2.540) 

MAX 
UNIT : INCH(mm) MjN 

_ o.300 BSC --
(7.620) 

0.295(7.493) -
0.275(6.986) 
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HY531000A 1,048,576Xl-Bit CMOS DRAM 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 
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0.0200(0.5080) 
- 0.0160(0.4064) 

. MAX 
UNIT : INCH(mm) MjN 



• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

£ + 
- r---·--·-·-· ______ j ____________ ,_~ 

-$- I 
µ µ,. 

I I 
i. i 
i 

µ: 

I ! 
I I 

v y y 
0.050(1.2700)-j ,-

----1.036(26.3144) ______ .. I 
1.024( 26.0096) 

HY531000A 1,048,576X4-Bit CMOS DRAM 

0120(30480) 
) - -- o: 112( 2.8448 

l 'I' 
I t 

1 
I ~ 

~~ :!: 
u I 

t-~ ~~ e~ - . 
~ u 0 It) 

~ MM oo I wn ~ 
I ~ ' .... 1_ 0 d d 

':-.., + 
I d 

! 
~@ I I 
NO ' -----'-

ii .1-l!!-0.612(0.3048) 
d d I 0.009(0.2286) 

- -0.100(2.5400) BSC El 
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DESCRIPTION 

The HY531000AL is a high speed, low power 
1,048,576X 1 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 TIL 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. 

BLOCK DIAGRAM 

REFRESH CONTROL 8 DATA 
ADDRESS COUNTER OUTPUT 

BUFFER 

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

BUFFER 

PRELIMINARY 

M1F1200A-JAN92 

FEATURES 

• Low power dissipation for The HY531000AL 
-Operating Current, 60ns : 85mA(max.) 
- TTL Standby Current : 2mA(max.) 
-CMOS Standby Current : 200µA(max.) 
-Battery Back Up Current: 300µA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS 

Refresh Capability 
• Common 1/0 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) 

' lM31000AIAio ltYS31flOOAL.70 HYSttlooAL.Sll :.:.. 
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 

D1N Vss 

WE DoLJT 

RAS 

~~ ~o 26 Vss 
25 Dour 

o Dour 
NC Ag RA8 3 24 GAS 

Ao 
NC 4 23 NC 

Aa NC 5 22 Ag 

A1 A1 

A2 Aa Ao 9 Aa 
Aa As 

A1 10 A1 
A2 11 Aa 

Voo ~ Aa 12 As 
Voo 13 ~ 

MEMORY ARRAY -voo 

(P-DIP) 
- Vss 

(SOJ) 

PIN NAMES 
RAS" 

GAS 

WE 

Ao-Ag 

D1N 

Dour 

Voo 

Vss 

ROW ADDRESS STROBE 

COLUMN ADDRESS STROBE 

WRITE ENABLE 

ADDRESS INPUT 

DATA INPUT 

DATA OUTPUT 

POWER(+5V) 

GROUND (ZIP) 
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HY531000AL 1,048,576X 1-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
··"" 

...::.. 
SYMBOL .PARAJ\llETER RATING UNlT 
Te1As Ambient Temperature Under Bias 0 to 70 oc 

TsTG Storage Temperature(Plastic) -SS to +lSO "c 

VrnRM Voltage on Any Pin Except V oo Relative to V ss -1.0 to 7.0 v 
Yoo Voltage on V oo Relative to V ss -1.0 to 7.0 v 
IouT Data Out Current so mA 

PT 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, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER. TEST CONDIDO:NS SPEED 
HY531000AL 

UNIT NOTE 
_:_ MIN. ·MAX. 

I Iu I Input Leakage Current(any input pin) Vss~VIN~Voo 10 µA 

I Iwl Output Leakage Current for Vss$DoUT$Voo 

RAS, CAS at Vrn 
10 µA 

High Impedance Stab: 

-60 8S 

1001 V oo Supply Current," Operating tRc = tRc(min.) -70 1s· 1, 2 

-80 6S 

1002 V oo Supply Current, TTL Standby 
RAS, CAS at Vrn 

2 mA 
other inputs 2:: V ss 

-60 8S 

1003 
V DD Supply Current, 

tRc=tRcCmin.) -70 7S mA 2 
RAS-only Refresh 

-80 6S 

-60 70 

1004 
Yoo Supply Current, 

Minimum Cycle -70 SS mA 1, 2 
Fast page mode 

-80 4S 

loos 
V oo Supply Current, 

RAS=CAS= Vcc-0.2V 200 µA 
CMOS Standby 

-60 8S 

1006 
V oo Supply Current 

tRc=tRcCmin.) -70 7S mA 
CAS-Before-RAS Refresh 

2 

-80 6S 

Battery Back Up 
Current 

CAS=CBR cycling or o.2V, 

WE=Voo-0.2V, 

Add=Voo-0.2V or 0.2V 

V oo Supply Current, VO=Voo-o.2V or o.2V or openj 300 µA 1 

1001 Battery Back Up tRc=12Sµs, tRAs=tRAs(min.) 

-300ns 

Same as above 
400 µA 

except tRAs=300ns-lµs 

V1L Input Low Voltage(all inputs) -1 0.8 v 
Vrn Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage loL=4.2mA 0.4 v 
Yott Output High Voltage lott=-SmA 2.4 v 

NOTES: 

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

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

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

# SYMBOL 

IRAS 

2 IKl' 

3 IKI' 

4 IASK 

5 IKAll 

6 IKAI. 

7 IKAI> 

8 IAs<· 

9 l('All 

10 11(('1) 

11 IKA<' 

12 IAA 

13 l<·A< 

14 kAs 

15 IKSll 

16 ll(('S 

17 l1u·11 

18 IKKll 

19 l('KI' 

20 lot1 

21 1011 

22 lw1• 

23 l<t• 

24 '"" 
25 IW1K 

26 lw1·s 

27 lwn1 

28 l11s 

29 11111 

30 l1>111t 

31 IKw1· 

32 IKWI> 

33 l<'WI> 

34 IAWI> 

35 l('AI' 

PARAMETER 
-
ulse Width 

m Read or Write Cycle Time Rando 

RASI >recharge Time 

ddress Set-up Time 

ddress Hold Time 

Row A 

Row A 

C:olum 

RASI 

n Address to RAS Lead Time 

o Column Address Delay Time 

n Address Set-up Time 

n Address Hold Time ... 

Col um 

C:olum 

RASI o CAS Delay 

· Time From RAS .. Access 

Access 

Access 

<:AS I 

· Time From Column Address 

· Time From CAS 
... 

>ulse Width 
·--
fold Time .. _ 

'ommand Set-up Time 
~· 
Read C 

. ~~mand Hold Time Referenced to ill 
·~~mand Hold Time Referenced to RAS 

Rend C 

Reud C 

~I o RAS Precharge Time 

I Buffer Tum Off Delay 

I Data Hold Time From CAS _ .. 

Pulse Width 

<>ulpu 

<>ulpu 

Wrile 

CASI 1recharge Time 

('ohm 

Wrile 

Write 

111 Address Hold Time From RAS 

Wrih: 

1>11111-I 

1>11111-I 

1>11111-I 

Command Hold Time From RAS 

Command Set-up Time 

Command Hold Time 

n Set-up Time 

n Hold Time 
-· 

n Hold Time Reference to RAS 
... 

Cycle Time N.MW 

RA'S 10 

C'AS I< 

('olum 

WE Delay in RMW Cycle 

>WE Delay 

n Address to WE Delay 

Access · Time From CAS precharge 

llY53lOOAL-60 HY53100Alr70 
-MIN. MAX. MlN: ~ 

60 lOK 70 lOK 

110 130 

40 50 

0 0 

10 10 

30 35 

15 30 15 35 

0 0 

15 15 

20 40 20 50 

60 70 

30 35 

20 20 

20 lOK 20 lOK 

20 20 

0 0 

0 0 

·o 0 

5 5 

0 20 0 20 

0 0 

15 15 

10 10 

50 55 

50 55 

0 0 

15 15 

0 0 

15 15 

50 55 

135 155 

60 70 

20 20 

30 35 

35 35 

HY53100Alr80 

MIN. MAX. 
UNIT NOTE 

80 lOK ns 

150 ns 

60 ns 

0 ns 

10 ns 

40 ns 

15 40 ns 1 

0 ns 

15 ns 

20 60 ns 2 

80 ns 3, 4, 5 

40 ns 5, 6, 12 

20 ns 6, 12 

20 lOK ns 

20 ns 

0 ns 

0 ns 7 

0 ns 7 

5 ns 

0 20 ns 8 

0 ns 8 

15 ns 

10 ns 

60 ns 

60 ns 

0 ns 9, 10 

15 ns 

0 ns 11 

15 ns 11 

60 ns 

175 ns 

80 ns 9 

20 ns 9 

40 ns 9 

40 ns 12 
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HY531000AL 1,048,576Xl-Bit CMOS DRAM 

-'C;- -, --;"' 

~StOO~ lfYSU~J~L-7~:- >iW53tooA.vso ':f' ~)'MJJPt PARAMETER _uMl: NQTE.--
'<'>",;:c 

L _:. 
}t', ,,, ,,,, 

-; ;< -"zM~f -·~ •MiN,:- :,~~: ;~.~!. MAX;.- ' :;{;{ 

·..:.:.. 

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 tRWL Write Command to RAS Lead Time 20 20 20 ns 

39 icWL Write Command to CAS Lead Time 20 20 20 ns 

40 tRPC RAS to CAS Precharge Time 0 0 0 ns 

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

42 icHR CAS Hold Time(CAS Before RAS Cycle) 15 15 15 ns 

43 tcsH CAS Hold Time 60 70 80 ns 

44 iT Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 13, 14 

45 tcu CAS to output in Low-z 0 0 0 ns 

46 tREF Refresh Interval(512 Cycle) 64 64 64 ms 

47 tRASP RAS Pulse width (Fast Page Mode) 60 lOOK 70 lOOK 80 lOOK ns 

48 tcP'f CAS Precharge Time(CBR counter Test Cycle) 40 40 40 ns 

NOTES: 
1. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a referenced point only. IftRAo is greater than the specified 

tRAD(max.) limit, then the access time is controlled by tAA and tcAC· 
2. tRco(max.) is specified for reference only. Operation within tRco(max.) and tRAo(max.) limit insure that tRAc(max.) and tAA (max.) can be met. If tRCD 

is greater than the specified tRco(max.) then the access time is controlled by tAA and tcAC· 
3. Assume tRAO<tRAD(max.) If tRAD is greater than tRAD(max.) then tRAc will increase by the amount that tRAD exceeds tRAo(max.) 
4. Assume tRco<tRco(max.). If tRCD is greater than tRco(max.) then tRAc will increase by the amount that IRCD exceeds tRco(max.) 
S. Measured with-a load equivalent to two TIL loads and lOOpF. 
6. Assume tRAO>tRAD(max.) · 
7. Either tRRH o; tRCH must be satisfied for a read cycle. 
8. toFF and toH define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
9. twcs. twHC• twHR, tRwo. tA wo. tcwo are not restrictive operating parameters. 

10. twcs(min.) must be satisfied in the early write cycle. 
11. tos and toH are referenced to the latter occurenced of 00 or 'WE. 
12. Access time is determined by the longer of tAA, tcAC or tcAP· 
13. tr is measured between Vrn(min.) and V1L(max.). 
14. AC measurements assume tr=Sns 
15. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycle( any combination of cycles containing a RAS clock such 

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

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted) 

_SNJPL. PARAM~TE~ 
-- 1YP. I MAX. I tJNTI' .:L "-" ; 

C1Nt Address, Data In - 5 pF 

C1N2 RAS, CAS, WE - 7 pF 

Co UT Data Out - 7 pF 
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HY531000AL 1,048,576X.l-Bit CMOS DRAM 

TIMING DIAGRAM· 

READ CYCLE 

1------------------IAC(2J-----------------I 

Ao-Ag 

WE 

Dour 

V1H - ----..i l•t----------1AA(24)-------•I 
l'l·------------IAAS(1)----l---------111 

V1L-

V1H

V1L-

V1H-

V1L -

IASA(4) -

--tAAH(S)-

IACS(16) -·CAS(14)-

+-ICAC(131-

-IAA(121-

ICLZ(45) 1--
1-----------IRAC(11)--~'----l----I 

VoH- Jr--t-----------t----~I 

VoL------------HIGH-Z--------~ 
VALID DATA 

1----------lcsH(43) _________ , -tOH(21) 

EARLY WRITE CYCLE 
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HY531000AL 1,048,576X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

•-------------------tRWC(31)------------------t~I 

3-104 

----1 I•------------ tRAS(1) -------------.1 
V1H-

V1L-

l----tRP(3)-



FAST PAGE MODE READ CYCLE 

DouT 

V1H-

V1L--

V1H

V1L--

VOL-

FAST PAGE MODE EARLY WRITE CYCLE 

V1H

V11 --

V1H -

V1L 

V1H

V1L-

V1H

HY531000AL 1,048,576Xl-Bit CMOS DRAM 

V1L - ...... -'-""'-"-'-+flo+-+-...... """"-'--'-"'-1 ...... -+~+-~ ..... l-'"-'-"'"""'"""" ........... ....r.. ..... ""t-ia--++-~~..,.. ................ """+ ..... "-.................... 

01N 
V1H-

V1L -- ...... """"' ...... , l'-----"'I 
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HY531000AL 1,048,576X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V1H-

V1L-

CAS 
V1H-

V1L-

Ao-Ag V1H-

V1L-

WE 
V1H-

V1L-

D1N 
V1H-

V1L-

Dour 
VoH-

VoL-

RAS-ONLY REFRESH CYCLE 

Dour 

3-106 

•--------------------IAC(2)-------------------I 

l4-------------1RAS(1)-----------..-I 

IASR(4) - -tAAH(S)-

ROW 
ADDRESS 

1..-----IAP(3)-

V1H __ -"""'br-------------------------------------------------------------....;;;;;.;....;...;. ______________ ~ 
)

- lcAP(19,) 

V1L-

VoH-
VoL _----------------------------------------~HIGH-Z------------------------;...o,..;.;., ____________ ~ 



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

CAS-BEFORE-RAS REFRESH CYCLE 

l---------tRAS(1)--------<•1 

-tRPC(40)-

tcsP(41) 

-tcP(23)- -tCHR(42)-

Dour 
VoH

VoL-

~r......____OFF(20) -r-- HIGH-Z-----------------

Note: WE, Ao-As=Don't care 

HIDDEN REFRESH CYCLE (READ) 

CAS 

Ao-Ag 

WE 

Dour 

----i 1------IRAS(1)------<•1 

V1H-

V1L-

lcRP(19) 

-tRC0(10)- -tRSH(15)-

V1H-

V1L-

IASC(B) 

IRAL(6)-

-IRA0(7)-

IRAH(S) 
IASR(4) - lcAH(9) 

V1H-

V1L-

IAR(24) 

IRCS(16) 

V1H-

V1L-

1-
-IAA(12) --

ICACl13) 

IRAC(11) 
I 

VoH-
HIGH-Z 

VoL-

-tRP(3)-
1------IRAS(1)------<•I 

ir------i 

tcHR(42) 

-- IRRH118) 

--
VALID DATA 

IOFFi20) 
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HY531000AL 1,048,576Xl-Bit CMOS DRAM 

lllDDEN REFRESH CYCLE (WRITE) 

D1N 

Dour 

3-108 

V1H

V1L-

V1H

V1L-·-

V1H

V1L-

V1H

lcRP(19)-

14------IRAS(l)-----1 

IRSH(15) 
-tRCD(10)- +------

----.-IAR(24)-+-f--------I 

IASCi8l 

IASRi4) - -- IRAH(S) -ICAH(9).._ 

COLUMN 
ADDRESS 

I+----- IWCR(2S)-+-+---

-IRP(31--

- -tWCH(27) 
lwcS(26) 

l+------IRAS(1)-----1 

l+------lcHR(42)----I 

V1L -"""'-*-'-'-"'-"""""~"""""'""'"""'""'-ll.oflo.---+-+----ll--'-'-"-'-'-"-'-'-"'"""""'-""""'"""' ..... '""'"""""""""" ..... """'"""'-"""""""'-"'-1'""'"~"'"'" .............. 

loS(28) 

-toH(29)-

V1H

V1L - _...__...__..._ ....................... ,, r..._ __ v._'A_L_ID-DA_r._A __ -i ""'""""""""'"""""'-' ..... """'"""'-................ _._~--~ ......... - ..... ----

------loHR(30) ------1 

VoH-
VoL-----------------------------------------HIGH-Z-----------------------------------------



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

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H

V1L-

V1H

V1L-

lcsR(41) 
l-------IRSH(15) _____ , 

-
1
cHR(42>- -tcP(23)- ICAS(14)---•I 

VtH - ..,..,,..,..----------------~---------~--""-----
VtL -

READ CYCLE 

Dour 

ICAC11J)-

VOtM-
VoL--------------------~-~1 VALID DA i\ 

-IRCS(16)- lcLZ(45) - IRRH(18) 

VtH - r-,..,..,...,..r-r.,..,...,..,..,.."r'Y'.,..,..,...,...,.~"'7""!~----~----------~-----·-

VtL - '-""""-'~'-'-J.-l.~"""-4.t..J..J.-'-''-'-.l..I."'-'-' 
-tRCH(17)--

WRITE CYCLE 

Dour 
VoH-VOL - ----------------HIGH-Z-++-----------------

VtH
VtL - -----"'-'-'-J../..-'-oj'-'-l..J..""-'~'-"-'-'-J..J.~"------++----~;...L.LJ...J../.~U..LJ..J../...,/,..,A~.J..J.~'..J..L 

DtN 
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HY531000AL 1,048,576X hBit CMOS DRAM 

FUNCTIONAL DESCRIPTION 

The HYS31000AL 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 
(CAB). 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 
tcAA are all satisfied. Consequently, the access 
time is dependent upon the ti~ing relationship 
among the tRAc, tcAc and tAA. 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
ever occurs last In a CAS controlled write 

3-110 

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

rough 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 ·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 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 HY531000ALoffers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid V1L and an "extra high" 
Vrn within 0.2V of V oo. _While the RAS clock 
is at the "extra high" level, the HY531000AL 
power consumption is reduced to the low Im)6 
level. Overall loo consumption when operating 



in this mode can be calculated as follows : 

(tRc) X (I active)+ (tRX-tRc) X CioD6) 
I=.~~~__.::~~_;__:___:_=.:..~=:..;.~_;__::..=..:..;___ 

tRX 

Where tRc =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 acce&m 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 tr from the 
critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write and read
modify-write, or read-write-read cycles are pos
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is tAA or tcAP dependent. If 
the column address is valid prior to or coinci
dent by tcAP as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tAA, For both 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: 

Data Rate= 
1024 

HY531000AL 1,048,576Xl-Bit CMOS DRAM 

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 Vm), the 
data output is in the high impedance state. The 
following table summarize the Dour state for 
various types of cycles. 

CYCLE Dour STATE 

Read Cycle Data from Addressed 
Memory Cell 

CAS Controlled Write Cycle 
(Early Write) 

High Impedance 

WE Controlled Write 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 Pa~ Mode Write Cycle 
(Early rite) 

High Impedance 

Fast Pa"' Mode Read- Data from Addressed 
Modify- rite Cycle Memory Cell 

RAS-Only Refresh Cycle High Impedance 

CAS-Before-RAS Refresh Data remain the previous 
Cycle cl'.f le's state 

( igh impedance or low 
impedance) 

CAS-Only Cycle High Impedance 

POWER ON 
An initial pause of200 µsis required after the 

application of V oo 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 V oo current ( loo) requirement of the 
HY531 OOOAL during power on is dependent upon 
the input levels of RAS and CAS. If RAS= V ss 
during power on, the device will go into an ac
tive cycle and 100 will exhibit large current tra
nsients. It is recommended that RAS and CAS 
track with V oo or be held at a valid Vrn level 
during power on. 
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HY531000AL 1,048,576X 1-Bit CMOS DRAM 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

Dour 
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HY53IOOOAL l,048,576X I-Bit CMOS DRAM 

18 PIN PLASnc DUAL IN LINE PACKAGE - 300 MIL 

OOt!O( I 'JIOl 
OO:IO(O 1114'1 

0.885(22.479) 
---0.865(21.971) 

0.021 (0.533) -0.065(1.650) 
0.050( 1.270; 0.016(0.406) 0_100 BSC 

(2.540) 

i g 
z 
:;] 

__ + 

MAX 
UNIT : INCH(mrn) -

MIN 

_ o.300 BSC _) 
(7.620) 

-~-~~~~-=~ -· 

3-113 

• 



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

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 

3-114 

-t 1 

0.0200(0.5080) 
- 0.0160(0.4064) 

UNIT : INCH(mm) MAX 
MIN 



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

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

+ 
! -¢-

- l--·------·----------1------------·-·-·-1 

µi ' 

I I 
i' i 

v v v 

- 0.024(0.6096) 
0.016(0.4064) 

µ. ' 
I I 
i i 

v y r 
0.050(1.2700)-i j-

----1.036(26.3144) ______ ., 
1.024( 26.0096) 

20 

__ 0.120(3.0480) 
0.112(2.8448) 

§~ 1-l!l-0.612(0.3048) 
o ci I 0.009(0.2286) 

- -0.100(2.5400) BSC 
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DESCRIPTION 

The HY534256 is a high speed, low power 
262,144X4 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 TIL 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 HYS34256 design is optimized for cache 
~ased. ~ain.frame and minicomputers, graph
ics, digital signal processing, and high perlbrm
ance microprocessor systems. 

BWCK DIAGRAM 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER ........... 
SENSE AMPS & 110 GATING 

MEMORY ARRAY ...____. Voo 

-vss 

llOo 
1101 
1102 
1/03 

M181202B-JAN92 

FEATURES 
• Low power dissipation 

- Operating current, lOOns : 60mA(max.) 
-ITL standby current : 2mA(max.) 
- CMOS standby current : lmA(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) 

HY,5.14256.QJ HYs.14256-70 ·m-~ HY534510 

Max RAS Access 
60 70 80 100 

Time, lRAc 

Max CAS Access 
20 20 20 25 

Time, tcAc 

Min Fast Page Model 

Cycle Tune, lPC 
40 40 45 55 

Min Cycle Tune, lRc 120 130 150 180 

PIN CONNECTIONS 

Vss 

1/01 1/03 

1102 

GAS 
l/Oo Vss 
1/01 
WE 

1/03 

NC 5E 1/02 
RAS GAS" 

Ao As 
NC BE 

Al Ay 

Ao A2 As As 
A, Ay 

A3 As A2 As 
VDD A<i 

A3 As 
VoD 14 .Ai 

P-DIP SOJ 

PIN NAMES 
RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-As ADDRESS INPUT 

l/Oo-1/03 DATA INPUT/OUTPUT 

Voo POWER(+5V) 

Vss GROUND 
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HY534256 262,144X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

··'SYMBOL .'•'. .. 
.;;._ ••. •· •PARAME'll:R·. 

·;;- . [ 
,·RATING 

-cc 
I· I UNIT 

:T 

. ) .1J 

TA Ambient. Temperature 0 to 70 oc 
TsTG Storage Temperature -SS to lSO oc 
VTERM Voltage on Any Pin Relative to Vss -1.0 to 7.0 v 
Yoo Voltage on Yoo Relative to Vss -1.0 to 7.0 v 
IouT Short Circuit Output Current so mA 

PT Power Dissipation 0.6 w 
NOTE: Stress above those listed under "Absolute Maximum Ratings" might cause permanent damage to the device. 

DC CHARACTERISTICS 
(TA=O °C to 70 't, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

.· .. ;' ' HY534256 ·•·· : 

SYMBOL PARAMETER TEST CONDITIONS SPEED 
MIN. 

UNIT NOTE 
). ) 

··. MAX. 

I Iu I Input Leakage Current(any input pin) v ss~VJN s.,V DD - 10 µA 

I Iw I 
Output Leakage Current for Vs~ DouT ~.Yoo - IO µA 
High Impedance State RAS, CAS at Vrn 

-60 - 90 

-70 - 80 
1001 V 00 Supply Current, Operating tRc=tRc(min.) mA 1,2 

-80 - 70 

-10 - 60 
--

1002 V oo Supply Current, TTL Standby 
RAS, CAS at Vrn, 

2 mA 
other inputs2.Vss 

-

-60 - 90 

Yoo Supply Current, -70 - 80 
lom 

RAS-only Refresh 
tRc = tRc(min.) mA 2 

-so - 70 

-10 - 60 

-60 - 70 

V oo Supply Current, -70 - 60 
1004 Minimum Cycle mA 1,2 

Fast Page Mode -80 - so 
---I 

-10 - 40 

loos 
V oo Supply Current, RAS2.Voo-0.2V, CAS= - l mA 
CMOS Standby Vrn, other inputs2.Vss 

-60 - 90 

V DD Supply Current, -70 - 80 
1006 

CAS-Before-RAS Refresh 
tRc=tRc(min.) mA 2 

-80 - 70 

-10 - 60 

V1L Input Low Voltage(all inputs) -1 0.8 v 
V1H Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage loL=4.2mA - 0.4 v 
VoH Output High Voltage loH=-SmA 2.4 - v 

NOTES: 
I. loo is dependent on output loading when the device output is selected. Specified loo(max.) is measured with output open. 
2. I DD is dependent upon the number of address transitions. Specified I oo(max.) is measured with a maximum of two transitions per address cycle in fast page mode. 
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HY534256 262,144X4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=O °C to 70 °C, Voo=SV± 10%, Vss=OV, unless othetwise noted.) 

~ 
HY534256 :3 :j.f SYMBOL PARAMETER 60 L 70 80. 10 UNIT 

~ 
MIN. M.\x.• MIN. MAX. MIN. MAX MIN. MAX. 

1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK 100 lOK ns I 

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

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

4 tcsH CAS Hold Time 60 - 70 - 80 - 100 - ns 

5 tcAS CAS Pulse Width 20 lOK 20 lOK 20 lOK 25 lOK ns 

6 tRCD 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 tRAH Row Address Hold Time 10 - 10 - 10 - 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 tRSH RAS Hold Time 20 - 20 - 20 - 25 - ns 

13 tcRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

14 tRCH Read Command Hold Tune Referenced to CAS 0 - 0 - 0 - 0 - ns 8 

15 tRRH Read Command Hold Tune Referenced to RAS 0 - 0 - 0 - 0 - ns 8 

16 tROH RAS Hold Time Referenced to OE 10 - 10 - 15 - 20 - ns 

17 to AC Access Time from OE - 20 - 20 - 20 - 25 ns 

18 tcAC Access Time from CAS - 20 - 20 - 20 - 25 ns 5,6 

19 tRAC Access Time from RAS - 60 - 70 - 80 - 100 ns 3,4,5 

20 tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 5,7 

21 tLz OE or CAS to Output Low Impedance 0 - 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 tcwL Write Command to CAS Lead 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 twcR Write Command Hold Time from RAS 50 - 55 - 60 - 75 - ns 

30 tRWL Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns 

31 tos Data-In Set-up Time 0 - 0 - 0 - 0 - ns 10 

32 toH Data-In Hold Time 15 - 15 - 15 - 20 - ns 10 

33 twoH Write to OE Hold Time 20 - 20 - 20 - 25 - ns 

34 torn OE to Data Delay 20 - 20 - 20 - 25 - ns 

35 tRwc Read-Modify-Write(RMW) Cycle Time 175 - 185 - 205 - 245 - ns 
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HY534256 262,144X4-BitCMOS DRAM 

Ti'··:) 
-;;: T HY534Z~6': I. 

fi'. •:<: 
·:~· .. ·">. r• 

·~·:1 SY&j~()L PARAMEf~t. ',,,;<' i)O .. :· ·;. F·.··· > ~/i/' ;86 ·p '10 t!Nrt NOTE 1;::1 .·· > <_.·.7Q 
...;;.i. 

. << .... ; 
> J\UN.·MM. l\:ll}lij~· l\U;x. MAX. j: .. Ji :, ·. •.•.• ........ .. : .. , .. ::. MAX. MU'l. 'J\1J)\J: .:· 

36 tcwo CAS to WE Delay 50 - 50 - 50 - 60 - ns 9 

37 tawo RAS to WE Delay 90 - 100 - 110 - 135 - ns 9 

38 tAwo Column Address to WE Delay 60 - 65 - 70 - 85 - ns 9 

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

40 tpcM Fast Page Mode Read-Modify-Write Cycle Tune 95 - 95 - 100 - 115 - ns 

41 tcP CAS Precharge Time 10 - 10 - 10 - 10 - ns 

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

43 tcPA Access Time from Column Precharge - 35 - 35 - 40 - 50 ns 12 

44 to HR Data-In Hold Time Referenced to RAS 50 - 55 - 60 - 75 - ns 

45 tcsR CAS Set-up Time(CAS Before RAS Cycle) 5 - 5 - 5 - 5 - ns 

46 ta PC RAS to CAS Precharge Time 0 - 0 - 0 - 0 - ns 

47 tcHR 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 taEF Refresh Interval(512 Cycle) - 8 - 8 - 8 - 8 ms 

50 lRASP RAS Pulse Width(Fast Page Mode) 60 lOOK 70 lOOK 80 lOOK 100 lOOK ns 

51 tcPT CAS Precl:uuge Tune (CBR Counter Test Cycle) 40 - 40 - 40 - 50 - ns 

NOTES: 
1. Operation within the taAo(max.) limit insures that IRAc(max.) can be met. IRAo(max.) is specified ~s a referenced point only. If IRAD is greater than the specified 

IRAo(max.) limit, then the access time is controlled by tcAC· 
2. Operation with in the taco(max.) limit insures that IRAc(max.) can be met. tRcoCmax.) is specified as a referenced point only. If taco is greater than the specified 

tRcoCmax.) limit, then the access lime is controlled by tcAC· 
3. Assume tRAo~tRAo(max.). If lRAD is greater than IRAo(max.) then IRAC will increase by the amount that tRAo exceeds tRAo(max.). 
4. Assume IRco~tRcD(max.). If IRco· is greater than IRcoCmax.) then IRAC will increase by the amount that IRCD exceeds IRcoCmax.). 
5. Measured with a load equivalent to two TTL loads and 100 pF. 
6. Assumes that IRCD ?:tRCD (max.), IRAD StRAD (max.) 
7. Assumes that IRCD $tRco(max.) and IRAD ;o:iRAo(max.) 
8. Either tRRH or tRCH must be satisfied for a read cycle. 
9. twcs. IRWD• tcwo and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs ?:t w cs 

(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ; if IRWD ?:t R w o (min), 
tcwo ?:tcwo(min) and tAWD ?:tAwo(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. tos and Iott are referenced to the latter occurence of CAS or WE 
1 t. lttz 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 !AA, tcAC• or tcPA· 
13. V1L(max.) and AC measurements assumen IT=Sns 
14. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycles( any combination 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, Voo=SV± 10%, Vss=OV, unless otherwise noted) 

~ ·. SY~JJOI:·: ·;.:, PARAMETER . :. .. : I :·•: TYP; MAX. UNIT 

C1N1 Address, Data input - 5 pF 

C1N2 RAS, CAS, WE, OE - 7 pF 

C1N3 Data Out - 7 pF 

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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HY534256 262,144X4-Bit CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 

1+-------------IRC(2)--------------1 

-tRP(3)-

V1H -------i 1---------IRAS(1)---------1 i--------i 

V1L - l ... ·-----IAR(23)----·1 

l---------ICSH(4)--+-------.J 

,.._ __ __._IRSH(12) 

GAS" 
V1H-

V1L-

V1H-

~-~ V1L-

V1H

V1L -----'-'"""'-'--""-'---

V1H

V1L-.._.._'-'-'--'-"-'....,.-'--'-"-''-'-'-"""-....... "'+-'-...... "'""l~----t-""'-f"""'-'-'-"""-4,.j~-'-"""-"-'-'-'--'-"""-"-'-AU..l....l..J...1-A~ 

1/0 
VoH
VoL _ ---------HIGH-z--....,----ci 

-IHZ(22)-1------IRAC(19)+--------t .. 1 

------------...i VALID DATA OUT 

EARLY WRITE CYCLE 

~-Aa 

1/0 

V1H _________ 1---------IRAS(11----------1i--------i 

V1L - l,J .. o-----IAR(23)-----i•t 

lcRP(13) 
1+--------ICSH(4)----+-------<~I 

-tRC0(6)_t ____ .,..__IRSH(12J--'----1 

V1H

V1L - "-'-'""""""'' lE,;,,;;;.;;;.,~,;.;.~ ''-'J . .._.._ __ ....,..;.;.,;;..._.- '-'-'-"-'-'-'-+.L-1.-'-""""-'"'-iU...t...J..l-AU...t....l..J....l.J ----

V1H-

V1L - ............................ '-' .............. "-f ... -+---+----~--'""""""'-'-"""--...... '-ollio-'o-'-"""-"-...... '-'"""'-'-"""""""'"""''-'-'-"""' ...... '-'-

V1H _,..,...,..,...,..,l""""J'..,.....,...,.;.,..,.....,...,....,...,..,.+T..,....,..,..,..,.....,....,....,...,..,...,..,.....,....,...,..,...,...,....,....,...,..,...,...,..,...,...,...,...,...,....,..,l""""J'...,. ...... ~ 

V1L - .......... ..-............ """'-'-"""+ ..... """"-'--...... ~-..... '""""""'-'--'-"'-"'-'-'"""'-'-"'-'-'"""'-'--'-"'-"'-"-'-'-"""-"'-'-'-'-"""'"'-'-'-'-"""-""""6. 
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HY534256 262,144 X 4.-Bit CMOS DRAM 

WRITE CYCLE (OE CONTROILED) 

1-------------1RC(2)--------------... I 

V1H - -------i 1---------IAAS(1)----------· ----------..i 
V1L - N•'"-----IAA(23)------1 

lcSH(4) 

-tRC0(6)_ 1 ____ ....__IASH(12)-----1.--

V1H

V1L - ----i-----......-

WE V1H-

V1L-

- IWOHi33) 

~ 
V1H-

V1L-

los1J11 

1/0 V1H-

V1L -· -

READ-MODIFY-WRITE CYCLE 

V1H-
WE 

V1L-

"OE 
V1H-

V1L-

1/0 
VooH--

Vl/OL --

3-122 

N•----IAA(23)-----I 

, ___________ .....,_ __ ICSH(4)--------------t•I 

lcAP(13) - -IACD(6)-l+-----+-------IASH(12)--'---------~-I 

IRAD(24) 

COLUMN 
ADDRESS 

1+-----+------+--IAWD(371----------_.1 

-tAA(20)-

lcAC(18) 

ILZ(21)-

~ 
IHZ(22i 

VALID 
DATA OUT 

IDSi31) 

VALID 
DATA IN 

IDH(32) 



HY534256 262,144 X 4-Bit CMOS DRAM 

FAST PAGE MODE'-READ CYCLE 

1----------------IRASP(S0)--------------•1 

-tAR(23)-

ICRP(13) -

Ao-Aa 
V1H-
Vil-

WE V1H-
V1L-

OE 
V1H --

V1L-

Ell 

110 VoH - -------------c.v Vol-

FAST PAGE MODE EARLY WRITE CYCLE 

V1H - ---"' l .. ,__ _____________ IRASP(50)---------H--------1 

-tAR(23)
Vn-

1----+IPC(391------.1 

ICRPi131 IRCDi6l 

Ao-Aa 

WE 
V1t.i-

v,.-

OE 
Vi .. -

v .. -

1/0 
V1H- VALID 
v,l- DATA IN 

3-123 



HY534256 262,144 X 4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1-----------------1RASP(1)-----------------1 

1----~lcSH(4J----~1 

-tRCDi6J-
- IRSH(12J----· 

Ao-As 

V1H

V1L- .................. ,_ 

IOAC(17J 

IOHl321 

tcAC(18i -•lc!:PA·~ ~,rr~I 
-1::;211 

IAA(20) d 
IDS·(31J 

-tRAC(19(-

1/0 

4-ILZ(21J ..... ILZ(21) 

RAS-ONLY REFRESH CYCLE 

1---------------IRc121---------------.~1 

-tRP(JJ-

l4---------IRASilJ1---------.. 11. RAS 
V1H-

V1L-

lcRP(13J -
CAS 

V1H-

V1L-

Ao-As ~=-~" ~:~ = ZlZL ROW ADD fl//7lZ/////JJ////711 I/Tl~ ROW ADDRESS 
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HY534256 262,144 X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

1---------------IRC(2)----------------1 

-IRP(3)_____. 

o.1•---------IRASp;-----------1 

-tRPC(46)-

lcPi41l 
l-------tcHAt(47)-------

110 

-~IHZ(22J 
VoH - ·-----------------------HIGH-Z-----------
VoL ------""" 

Note: WE, OE, Ao-Ae=Don't care 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

Ao-Ae 

V1H

V11 -

v,.,
Vu -

v,,,

------IRAS(1J-----~1 

-· -tcHR<47)-- -ICPT(51)__._ ----- --IASH(12)----------<~I 
lc$R(45) 

I 

Vu - ._.'-'-'-"""-~._._._"""-'-'-'--'-.t....'-'.,..4-'--'-L-<U...L.+q...l...<U...1....1-'-<~-'-J.....W..J...J....W'..J...J...,~.L.j.~'..J...J...L..l.'..J...J...L..1.'..J.. 

READ CYCLE 

WE 
v, .. --
Vu -

IROH(16) 

V111·-
OE Vu -

IHZ(22) 

IHZ(22)-

110 
Vo,. ---
Vrn - ---------HIGH-z------------cit DATA OUT 

WRITE CYCLE 
I +---+-!------IRWL(JOJ------+----1 

V111 --

V,, - -'-"""-"-''-'-'--'-""-~'-'-'--'-.l-"-''-'-'--'-.L..fL--++--------~µ...1.....t...J.....W'..J....L..l-J.....W'...J....J...J....L-4~ 

V111-··-

V11 --"'-"-i-.jl...il....L.."""-"-'-'-'--'-""-~._.-'-""-~-'--'-"""-"t-11-'--'--'-'--'-'-'--'--'-'-'""-"'-'--'--'-"-'"-'-'--'-.t....'-'-'--'--'-"-~ 

110 v,,. --·- ---------
v,, ----
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HY534256 262,144X4-Bit CMOS DRAM 

lllDDEN REFRESH CYCLE (READ) 

l4---------IRC(2J---------' .. >--------1RC(2J'---------1 

14-----IRAS(1)-----~~1 -tRP(31- , ______ IRAS(1),------

-tAR(23)-

lcRP(13) -tRC0(6)-_..,,.___IRSH(12)- -tcHR(47)- -tcRP(13)-

---- IHZ(22) 

-tHZ(22)-

VAUD DATA OUT m...---HIGH-z---

3-126 



HY534256 262,144X 4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

Ao-Aa 

WE 

OE 

1/0 

V1H

V1L-

V1H ___:_ 

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L.--

1..,_-------IRC(2)-------- --------IRC(2)--------•I 

1------IRAS(1)------t~ I 1-----IRAS111--------<•1 

-----tRSHf12)-

VALID DATA IN 

IDHAf441-
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HY534256 262,144X4-Bit CMOS DRAM 

FUNCTIONAL DESCRIPI10N 

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 tRAs timing specification. This 
ensures proper device operation and data inte
grity. Additionally, a new cycle cannot be initi
tiated until the minimum precharge time, tRP' 
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 tAR· 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 (1/0) 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 
1/0 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 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(Ao 

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 



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,L and an "extra 
high" Vm within 0.2V of V 00• While the RAS 
clock is at the "extra high" level, the HY534256 
power consumption is reduced to the low lo05 

level. Overall 100 consumption when operating 
in this mode can be calculated as follows : 

I= (tR<.') X (I active)+ (tRx-tRc) X Cloos) 
tRX 

Where tRc· = 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 urc performed retains the row address 
intemully, eliminating the need to reapply it. 
The column address buffer acts as transparent 
or flow through latch while CAS is high. Access 
begins fmm the valid column address rather 
than fmm CAS, eliminating tAsc and h 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 
possihlc ut random or sequential address within 
a low. rollowing the entry cycle into fast page 
mode, access time is tAA or tcAP dependent. It 

HY534256 262,144X4-Bit CMOS DRAM 

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 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: 

Data Rate= 
512 

DATA OUTPUT OPERATION 

The HY534256 input/output(l/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 1/0 data. A CAS high 
transition 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 1/0 data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the 1/0 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 necc;essary 
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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HY534256 262,144X4-Bit CMOS DRAM 

POWER ON 
An initial pause of 200 µs is required after the 

application of V oo 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 V 00 current Cloo) requirement of the 
HY534256 during power on is dependent upon 
the input levels of RAS and CAS. If RAS= V ss 

during power on, the device would go into an 
active cycle and loo would exhibit large current 
transients. It is recommended that RAS and 
CAS track with V 00 or be held at a valid V 1H 

during power on. 

FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

Ao-Aa 

Dour 
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HY534256 262,144X4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20 PIN PLASTIC DUAL IN LINE PACKAGE - 300 MIL 

I ------+------% 
' I 

I u LJ LJ LJ osn(~ .. , 
r--0.957(24.3)8) _____ ;____, 

0.049(1.245) 
OD29(0.737) 

0.060( 1.524) 
0.050(1270) 

0.021(0.533) 
0.016(0.406) 

i~ 
dd 

H 
_l 

_I 
~~ 
~~ 

0.100 BSC d d 
(2.540) 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 

0.0200( 0.5CJBO) 
- 0.0160(0.4064) 

0.0320(0.8128) 
- 0.0260(0.6604) 

0.300 BSC 
- (7.620) 

MAX 
UNIT : INCH(mm) MjN 

-~::g::~-

MAX 
UNIT : INCH(mm) MjN 
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DESCRIPTION 

The HY534256A is a high speed, low power 
262,J44X4 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 512X4 bits within a row 
with cycle times as fast as 40ns. 

The HY534256A design is optimized for ca
che based mainframe, minicomputers, gra
phics, digital signal processing and high perfor
mance microprocessor systems. 

BLOC'.K DIAGRAM 

---. 
REFRESH CONTROL & I ADDRESS COUNTER 

l 
~ (.;0LUMN DECODER I 

1 
m ........... m 

SENSE AMPS & 1/0 GATING -

Ao~·~"· ~· :• 
• ~ ~ : MEMORY ARRAY 

: e ~ : As;,__ -l 
------~ 

-voo 

-vss 

PRELIMINARY 

M1C1200A-JAN92 

FEATURES 

• Low power dissipation 
-Operating current, 60ns : 90mA(max.) 
- ITL Standby current : 2mA(max.) 
-CMOS Standby Current: lmA{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) 

HYS34256A-60 HYS34256A· 70 HY534256A-80 

Max RAS Access 
60 70 80 

Time, tRAc 

Max CAS Access 
20 20 20 

Time, tcAc 

Min Fast Page Modtj 
40 40 45 

Cycle Time, tpc 

Min Cycle Time, tRc llO 130 150 

PIN CONNECTIONS 

Vss 
110, 1/03 

1/02 

GAS 

BE 

Aa 
A, A1 

Voo A<j 

(P-DIP) 

PIN NAMES 
RA8 ROW ADDRESS STROBE 1 

I 
GAS COLUMN ADDRESS STROBE 1 

-
WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-As ADDRESS INPUT 

l/Oo-1/03 DATA INPUT/OUTPUT 

Voo POWER(+SV) 

Vss GROUND 

l/Oo 
110, 
WE 

RAS 
NC 

Ao 
A, 
A2 
A3 

Voo 

Vss 
1/03 
1/02 
GAS 
BE 

As 
A1 
As 
As 
A<j 

(SOJ) 

(ZIP) 
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HY534256A 262,144X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

SYMOOL PARAMETER RATING UNIT c 

TBIAS Ambient Temperature 0 to 70 oc 

TsTG Storage Temperature ~ss to +lso oc 

VTERM Voltage on Any Pin Relative to Vss -1.0 to 7.0 v 
Yoo Voltage on V oo Relative to V ss -1.0 to 7.0 v 
lo UT Short Circuit Output Current so mA 

PT 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, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

-:-

SYMBOL ,PARAMETER 1'EST CONDIDONS SPEED 
flY534256A 

MIN. MAX. 
UNlT NOTE 

I Iu I Input Leakage Current(any input pin) Vss~V1N::;_Voo 10 µA 

lkol Output Leakage Current for Vss~DoUT~Voo 

RAS, CAS at Vrn 
10 µA 

High Impedance State 

-60 90 

1001 Yoo Supply Current, Operating tRc=tRcCmin.) -70 80 mA 1, 2 

-80 70 

1002 Yoo Supply Current, TTL Standby 
RAS, CAS at Vrn 

2 mA 
other inputs>Vss 

-60 90 

1003 
Yoo Supply Current, 

tRc=tRc(min.) -70 80 mA 2 
RAS-only Refresh 

-80 70 

-60 70 

1004 
Yoo Supply Current, 

Minimum Cycle -70 60 mA 1, 2 
Fast page mode 

-80 so 

Ions 
Yoo Supply Current, RAS;;:::_Yoo-0.2V, CAS=Vrn 

1 mA 
CAS-Before-RAS Refresh Other inputs>Vss 

-60 90 

loD6 
V oo Supply Current 

tRc=tRcCmin.) -70 80 mA 2 
CAS-Before-RAS Refresh 

-80 70 

V1L Input Low Voltage(all inputs) -1 0.8 v 
Vrn Input High Voltage(all inputs) 2.4 Voo+l v 
VoL Output Low Voltage loL=4.2mA 0.4 v 
Yott Output High Voltage lott=-SmA 2.4 v 

NOTES: 

I. loo is dependent on output loading when the device output is selected. Specified looCmax.) is measured -with output open. 
2. loo is dependent upon the number of address transitions, Specified IooCmax.) is measured with a maximum of of two transitions per address cycle in Fast page 

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

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

.. -, . 
HY5~ 

..;;;;.. """- --1 -·· I 
60 

-:'"" 

70.::c 
i 

8(J _::. " # SYMBOL PARAMETER > UNI1 1 NoTE 
.. I MIN.· MAX. MIN. MAX:. IVllN . MAX. 
1 tRAs RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

2 tRC Random Read or Write Cycle Time 110 120 150 ns 

3 tRP RAS Precharge Time 40 50 60 ns 

4 tcSH CAS Hold Time 60 70 80 ns 

5 tcAS CAS Pulse Width 20 lOK 20 lOK 20 lOK ns 

6 tRCD 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 El 
11 tcAH Column Address Hold Time 15 15 15 ns 

12 tRSH 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 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 

16 tROH RAS Hold Time Referenced to OE 10 10 15 ns · 
f--r-----

17 to AC Access Time from OE 20 25 20 ns 3,4,5 

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 tu OE or CAS to Output Low Impedance 0 0 0 ns 

22 tHz 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 twcH 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 tRWL Write Command to RAS Lead Time 20 20 20 ns 

31 tos Data-In Set-up Time 0 0 0 ns 10 

32 toH Data-In Hold Time 10 15 15 ns 10 

33 twoH Write to OE Hold Time 20 20 20 ns 

34 toED OE to Data Delay 20 20 20 ns 

35 tRWC Read-Modify-Write(RMW)Cycle-Time 165 185 205 ns 
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HY534256A 262,144X4-Bit CMOS DRAM 

...,,.,. 
HY534is6A · 7?! t ~ ~ 

: 
·. :. 

P~TD·· . .'< /•· .•. ti(} .. •:. •. • <\,16.T . /. .. ·. ~) .• 

# ~L 
...... _i:._ ·UNfr NOTE 

·• .f MJN~ ~ •M)N •. MAx. MIN. MAX 
-'-

36 tcwo CAS to WE Delay 50 50 50 ns 9 

37 lRwo RAS to WE Delay 90 100 110 ns 9 

38 tAwo Column Address to WE Delay 60 6's 70 ns 9 

39 tPC Fast Page Mode Read or Write Cycle Time 40 40 45 ns 

40 tpcM 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 to HR Data Hold Time Referenced to RAS 50 55 60 ns 

45 le SR CAS Set-up Time(CAS Before RAS Cycle) 5 5 5 ns 

46 tRPC RAS to CAS Precharge Time 0 0 0 ns 

47 le HR CAS Hold Time(CAS Before RAS Cycle) 15 15 15 ns 

48 h Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 13 

49 tREF Refresh Interval(512 Cycle) 8 8 8 ms 

50 tRASP RAS Pulse width(Fast Page Mode) 60 lOOK 70 lOOK 80 lOOK ns 

51 lcpr CAS Precharge Time(CBR Counter Test Cycle) 40 40 40 ns 
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HY534256A 262,144X4-Bit CMOS DRAM 

NOTES: 

1. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAO(max.) is specified as a referenced point only. IftRAD is greater than the specified 
tRAo(max.) limit. then the access time is controlled by tAA and tcAC· 

2. tRco(max.) is specified for reference only. Operation within tRcoCmax.) and tRAo(max.) limit insure that tRAc(max.) and tAA (max.) can be met. If tRcD 
is greater than the specified tRco(max.) then the access time is controlled by tAA and tcAC· 

3. Assume tRAD~tRAo(max.) If tRAD is greater than tRAo(max.) then tRAc will increase by the amount that tRAD exceeds tRAo(max.) 
4. Assume tRco~tRcoCmax.). If tRcD is greater than tRco(max.) then tRAc will increase by the amount that tRcD exceeds tRcoCmax.) 
5. Measured with a load equivalent to two TTL loads and lOOpF. 

6. Assume that IRCD-':.'RcoCmax.), tRAo,$.•RAo(max.) 
7. Assume that tRco<tRcoCmax.) and IRAo>(max.) 
8. Either IRRH or IR~ must be satisfied for; read cycle. 

9. twcs. IRWD• tcwo and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: Iftwcs>twcs(min), 
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle: iftRwo>tRwo(min), tcwo>tcwo 
(min) and IAwo>tAwo(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 c~dition of the data out(at access time) is indeterminate. 

IO. tos and toH are referenced to the latter occurence of CAS or WE 

11. tttz 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 IAA, tcAC or tcAP· 
13. V1L(max.) and AC measurements assumen tT=5ns 
14. An initial 

15. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycles( any combination 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, Voo=SV± 10%, Vss=OV, unless otherwise noted) 

Address, Data input 5 pF 

C1N2 RAS, 00, WE, OE 7 pF 

CouT Data Out 7 pF 

NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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HY534256A 262,144X4-Bit CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

~ 

~-Ae 

WE 

110 
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l--------------tRC(2)-------------I 

-.tRP(3)

VtH -------.1 ·---------tRA5(1)---------· ir-------....i 
f'1•-----tAR(23)-----•I 

VtL-

V1H-

V1L-

VtH~ 

V1L-

VtH-

V1L-

V1H-

V1L-

VoH-

VOL-

1+--------tCSH(4)--+------.. I 

-tRC0(6)-•-----+--lRSH(12) 

-tCAC(18)-

-tCRP(13)-

- lHZ(22) 

_tHZ(22)-l-----tRAC(19)+--------I 

Ji!--..;..,------~ --------HIGH-z--..,_ ___ "' VALID DATA OUT 



HY534256A 262,144X 4-Bit CMOS DRAM 

EARLY WRITE- CYCLE 

V1H-
------.....i 14---------lAA5(1)•---------• 1--------.i 

V1L-

kAP(13) 
l4-------tcSH(4)-___. ____ ___,~, 

-tAC0(6)~1~--__._-tASH(12)--+----I -tCAP(13)-______ ..._ _____ ..._ ___ __ 

A-0-Ae 
V1H

V1L - """"""""""'-*" ~---4-~ "-'-' 11...1.__,._ __ ..ll'" ~-'-"'-'-'-'-................. "'-""'"''-'"""" ......... '-'""""-'-"""--- ----

WE V1H-

110 

V1L -.J...J-J..,j"'-'...L.L..J..,j"'-4...J...J...""-1i1o--4---+----4-.._""'"''-'-""'-'--'-.._""'"' ..... -""'-'--'-"'-'""'"''-'""""-'-'""" .... "-oj'-'-'-""'-""'"'• 

V1H

V1L -'-""'-'-'-.l-~~...L~.l-'-1....L..L..l...~...L .... L-"'-'...L..L..J....._~'-'-'--'-.._'-'-""'-'--'-.._'-''-'-'--'-"'-''-'-'-""'-"'-''-'"""""""-• 

l+-----IDHA(44)--+-----'•• 

V1H - ------------ll 
V1L-

-tDH(321 

VALID 
DATA IN ~---------HIGH-Z----------
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HY534256A 262,144X4-Bit CMOS DRAM 

WRITE CYCLE (OE CONTROLLED) 

tRC(2l 

tRAS(1) 

~ 
V1H-

tAR(23) 
V1L-

tCSH(4) 

-tRCD(6)- tRSH(12) 

V1H-m-
V1L-

Al,-~ 
Vitt-. -

V1L-

WE Vitt-

V1L-

- tWOHi33) 

'OE" Vitt-

V1L-

110 V1H-

V1L-

READ-MODIFY-WRITE CYCLE 

V1H-
WE 

V1L-

OE V1H-

V1L-

1/0 
VllOH-

VllOL--
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11o1 .. ----tAR(23)------• 

l+------------+---tCSH(4)--~-----------<~I 

lcRP(13) - -tRC0(6)--l+----+-------tRSH(12)---------+--+I 

tRA0(24) 

COLUMN 
ADDRESS 

1-----+------+-tRW0(37)-----------I 

-tAA(20)-

ICAC(18) 

tLz121i -

toED(34) -tHZ(22) tOS(31) 
-tDH(32) 

VALID 
DATA IN 



HY534256A 262,144X4-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

Ao-A a 

1/0 

V1H

V1L-

V1H

---" •~---------------IRASP(50)--------------•I 

ICRP(13) -
-tAR(23)-

v,,- __ .._ ........... _o1 

V1H

V11 -.._ .... .._.._..,_.._""""...._..__-+"""'-fl---+-.._.1"+""'-'-'...._~...,.'flo---+.£.+..it-'-""'-"-'i>'-1~.1..1.+..-._."-+-'-~~-'-""-''-'..._ 

VoH - __________ _._.JI/ 
VOL-

FAST PAGE MODE EARLY WRITE CYCLE 

Ao-Aa 

WE 

OE 

1/0 

v,..-
Vu-

V1H
V11-

V11,
V11-

V11,-

Vu-

Vu1-

Vu-

V1H-

v,l-

---..J 1•---------------1RASP(50l---------<l'--------I 

-tARi23i-

•-----1-IPC(39l------.1 
ICRP(131 IRCD(6) 

-tDHR144) 

lo!'.:[ IOH(321 IDS(311 

VALID 
DATA IN 
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HY534256A 262,144X4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1-----------------IRASP(ll-----------------I 

1------..lcSH(4)---__. .. 1 

1--+---IPCM(44)---'---•I - IRSH(12J-----· 

ICP(41) 

Ao-As 

V1H

V1L- ............ ~'"""' 

- lAA(20)"""+ 

ICAc11e, joT:~ 
- HZ(22) 

-IRAC(19)- _. -1 
1--

l~S(31) 

1/0 

.... ILZ(21) 

RAS-ONLY REFRESH CYCLE 

1--------------IRC(2)---------------. .. 1 

-tRP(3)-

RAS 
V1H- IRASl1 

V1L-

ICRP(13) _______,.. 

CAS 
V1H-

V1L-

Ao-As 
~= _te, ~:~ = 7lZL ROW ADD.zz Z///T~ ROW ADDRESS 
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HY534256A 262,144X4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

-IRP(3)-

fto.1•---------IRAS(1;----------• 

-IRPC(46)-

ICP141l 
1------tcHA~47)------1~1 

110 
~~-HZ(2-2)----------------~ f HIGH-Z----------

Note: WE, OE, Ao-Ae=Don't care • CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

-----IRAS(1)------1~1 

-· -tCHA<47)-- -1Cf'T(51)_.. 

lcsR1•s1 
I 

Ao-Aa 
V1H-

V1L - ................................................................................................................ ...._ ............ ...._ ............................................. ...._'+' ..... -+'--l'-' ...... -'-1.-1.-'-...... ..... 

READ CYCLE 

WE 
V1H-

V1L-

14------IROH(16)---+--.I 

OE 
V1H-

V1L-

-tLZ(21)_. 

110 VoH - --------HIGH-z------------ci1 VOL-
DATA OUT 

WRITE CYCLE 14---++-----IRWL(30) _____ __._ .. , 

V1H-

V1L -_._ ................. _._ .................... _._ .......................................... ~-++--------"""'"---.................. ...._ ........................................... """' 
V1H-

V1L - ....................................... _._ ........................................................... ....., ......................................................................................................................... .... 

1/0 V1H - --------
V1L -
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HY534256A 262,144X 4-Bit CMOS DRAM 

lflDDEN REFRESH CYCLE (READ) 

1+---------1RC(2)--------•l ... -------1AC(2)--------+I 

1-----IRAS(1)------.1 -tAP(3)- ·------IRAS(1)-----· I 

ICRP(13) -tcHAi47)- -tcRP(13)-

IAAD(24) 

Atr-Aa 
V1H-

V1L-

V1H-

V1L-

Qt 
V1H-

V1L-

-ICAC(18)-

- ILZ121) 

IRAC(19) 

1/0 
VoH-

VOL -
HIGH-Z VALID DATA OUT 11>----HIGH-Z-
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HY534256A 262,144X4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

A-0-As 

WE 

OE 

1/0 

V1H

V1L -

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

1---------IAC(2)-------- --------IAC(2)---------<~I 

loHA(441 
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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 minimµm tRAs timing specification. This 
ensures proper device operation and data inte
grity. Additionally, a new cycle cannot be initi
tiated until the minimum precharge time, tRP, 
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 tAR· 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 kAc 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 
1/0 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 
HY534256A 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(Ao 

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 
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 

refre~h 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 V1L and an "extra 
high" Vm within 0.2V of V00• While the RAS 
clock is at the "extra high" level, the HY534256A 
power consumption is reduced to the low 1005 

level. Overall loo consumption when operating 
in this mode can be calculated as follows : 

I= (tRc) X (I active)+ (hx-tRc) X Cloos) 
tRX 

Where tRc=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 h 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 tAA or tcAr dependent. It 

HY534256A 262,144X4-Bit CMOS DRAM 

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 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: 

Data Rate= 
512 

DATA OUT OPERATION 

The HY534256A input/output(l/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 1/0 data. A CAS high 
transition 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 1/0 data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the 1/0 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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HY534256A 262,144X 4-Bit CMOS DRAM 

POWER ON 
An initial pause of 200 µs is required after the 

application of V oo 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 V 00 current Cloo) requirement of the 
HY534256A during power on is dependent upon 

the input levels of RAS and CAS. If RAS= V ss 
during power on, the device would go into an 
active cycle and loo would exhibit large current 
transients. It is recommended that RAS and 
CAS track with V 00 or be held at a valid V 1H 

during power on. 

FIGURE 1. FAST PAGE MODE ACCESS Tll\1E DETERMINATION 

CA5 
V1H-
V1L-

A-0-Ae V1H- VALID VALID 
V1L- COLUMN ADDRESS COLUMN ADDRESS 

-toAA~~ -~-~ }-VOH- ) Dour Vo..- VALID DATA VALID DATA 
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HY534256A 262,144X4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20 PIN PLASTIC DUAL IN UNE PACKAGE - 300 MIL 

-r·· 
i$ 
~~ 
(.j(I 

. --·--·- ----~:~~;g::~~ ---------· 

§ 

I 
~ 

_! 

_I 
004Ut I ~olbl 
01YN<o 1:1n 

0.065( 1.650) 
0.050( 1.270) 

-1--1 
0.021(0.533) 0.100 BSC 
0.016(0.406) (2.540) 

0.300 BSC 
- (7.620) 

MAX 
UNIT : INCH(mm) ~ 

-~:~~g::~-
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HY534256A 262,144X4-Bit CMOS DRAM 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

3-150 

0.0200(0.508) 
- 0.0160(0.406) 

UNIT: INCH(mm) MAX 
MIN 



HY534256A 262,144X 4-Bit CMOS DRAM 

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

: _ch_ 
I 't' 

- ·t----·----·-·--------1------------ ---·-
I 
i 

...i 
Ji: 

I 
I 
y ' 

0.050(1.2700)-i j-

1-------1.036(26.3144) _____ ___,•I 
1.024(26.0096) 

20 

MAX 
UNIT: INCH(mm) ~ 

! 
! 

_0.120(3.0480) 
0.112(2.8448) 

§~ .1-l!l-0.612(0.3048) 
d d I 0.009(0.2286) 

- -o.100(2.5400) SSC 
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DESCRIPTION 

The HY534256AL is a high speed, low power 
262,144X4 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 TIL 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 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

MEMORY ARRAY -voo 

-vss 

FEATURES 

• Low power dissipation 
-Operating current, 60ns : 90mA(max.) 
-TIL Standby current : 2mA(max.) 
- CMOS Standby Current : 200µA(max.) 
-Battery Back Up Current: 300µA(max.) 

• Read-Modify-Write «:apability 
• RAS-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) 

HY53425MIAifJ ms34zsw,. 1t1 JIY534l56AL-80 
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 

(P-DIP) 

PIN NAMES 
RAs ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

6E OUTPUT ENABLE 

Ao-Aa ADDRESS INPUT 

l/Oo·l/03 DATA INPUT /OUTPUT 

Voo POWER( +5V) 

Vss GROUND 

l!Oo 
1/01 

WE 
RAS 

NC 

(SOJ) 

(ZIP) 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

ABSOLUTE MAXIMUM RATINGS 

:I_ J_·P~TER ~·. co:: Jl..\~G ;>,, ~ 0'·.· UNIT •. 
2 

,. 
·...::.. ·.'' 

TsIAS Ambient Temperature 0 to 70 oc 

Tsro Storage Temperature -SS to +ISO "c 

Voltage on Any Pin Relative to V ss -1.0 to 7.0 v 
Von Voltage on V nn Relative to V ss -1.0 to 7.0 v 
lour Short Circuit Output Current so mA 

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, Vnn=SV± 10%, Vss=OV, unless otherwise noted.) 

HYS34Z56AL 
. Npm 

... 
SYMOOL·· P~{l TEST CONDffiONS SPEED 

~ .. .UNIT 
. ·.:.:.. ..i. _', 

MJN, . 
~ 

I Iu I Input Leakage Current(any input pin) Vss~.V1N~Vnn 10 µA 

I Iw I Output Leakage Current for Vss~Dour~Vno 
10 µA 

High Impedance State RAS, CAS at Vm 

-60 90 

Inm Von Supply Current, Operating tRc=tRcCmin.) -70 80 mA 1, 2 

-80 70 

1002 Von Supply Current, TIL Standby 
RAS, CAS at Vm 

2 mA 
other inputs2!:Y ss 

-60 90 

1003 
Von Supply Current, 

tRc=tRc(min.) -70 80 mA 2 
RAS-only Refresh 

-80 70 

-60 70 

1004 
Yoo Supply Current, 

Minimum Cycle -70 60 mA 1, 2 
Fast page mode 

-80 so 

Inns 
Von Supply Current, RAS=CAS= Vcc-0.2V 

200 µA 
CAS-Before-RAS Refresh 

-60 90 

InD6 
Von Supply Current 

tRc=tRc(min.) -70 80 mA 2 
CAS-Before-RAS Refresh 

-80 70 

CAS=CBR cycling or o.2V, 

OE=WE=Vnn-0.2V, 

Add=Vnn-0.2V or 0.2V, 

Von Supply Current, J/O=Von-o.2V or o.2V or open, 300 µA 1 

1001 Battery Back up tRc=12Sµs, tRAs=tRAs(min.) 

-300ns 

Same as above 
400 µA 

except tRAs = 300ns- I µs 

V1L Input Low Voltage(all inputs) -I 0.8 v 
Vm Input High Voltage(all inputs) 2.4 Vnn+l v 
VoL Output Low Voltage loL=4.2mA 0.4 v 
Vou Output High Voltage Iou=-SmA 2.4 v 

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

mode. 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=5V± 10%, Vss=OV, unless otheiwise noted.) 

~' r er L z~r~zr~~ ,~ ·. , ·.,_''· 
1 ,, .·.1 1. .. :::±..LL /:<"Z,. 'i 

~~ > IJO"i/;' -=; ''· 'S(l , , "'."']· !'"'.· i; .• _.·. _
1

1 ) d .\ "' 
j 'N?fE 

;,"!() ./ ,·~:.;.~b:~.J·,1 .·· .' Mj:~;) 
I..!.:.. .::.c:_ ~ ~}i'.i'. ~ ;~··· ~·· i•MJN •... 1• <...:.;:__::] 

1 tRAs RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

2 tRC Random Read or Write Cycle Time 110 120 lSO ns 

3 tRP RAS Precharge Time 40 so 60 ns 

4 tcstt CAS Hold Time 60 70 80 ns 

s tcAS CAS Pulse Width 20 lOK 20 lOK 20 lOK ns 

6 tRCD RAS. to CAS Delay lS 40 20 so 20 60 ns 

7 tRCS Read. Cq__~and 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 tcAH Column Address Hold Time lS lS lS ns 

12 tRSH RAS Hold Time 20 20 20 ns 8 

13 tcRP CAS to RAS Precharge Time s s s ns 8 

14 tRCH Read Command Hold Time Referenced to CA~ 0 0 0 ns 

lS tRRH Read Command Hold Time Referenced to RAS! 0 0 0 ns 

16 tROH RAS Hold Time Referenced to OE 10 10 lS ns 

17 to AC Access Time from OE 20 2S 20 ns 3,4,S 

18 tcAC Access Time from CAS 20 20 20 ns s, 7 

19 tRAc Access Time from RAS 60 70 80 ns 3 

20 tAA Access Time from Column Address 30 3S 40 ns 11 

21 tu. OE or CAS to Output Low Impedance 0 0 0 ns 

22 tttz OE or CAS to Output High Impedance 0 20 0 20 0 20 ns 

23 tAR Column Address Hold Time from RAS so SS 60 ns 

24 tRAD RAS to Column Address Delay Time lS 30 lS 3S lS 40 ns 1 

2S tcWL Write Command to CAS Lead Time 20 20 20 ns 

26 twcs Write Command Set-up Time 0 0 0 ns 9 

27 twcH Write Command Hold Time 10 lS lS "llS 

28 twp Write Command Pulse Width 10 lS lS ns 11 

29 twcR Write Command Hold Time from RAS so SS 60 ns 

30 tRWL Write Command to RAS Lead Time 20 20 20 ns 

31 tos Data-In Set-up Time 0 0 0 ns 10 

32 toH Data-In Hold Time 10 IS IS ns 10 

33 twoH Write to OE Hold Time 20 20 20 ns 

34 toED OE to Data Delay 20 20 20 ns 

3S tRWC Read-MoQ.ify~Write(RMW)Cycle-Time 16S 18S 20S ns 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

.. . l:lY.S:W~ !;. ·. '?<', d ;.< : . i p: }" .• 

'~!@~'. ~:~~ :~80;; ~;~/ 
·. 

# SYMBOL 

36 tcwo 

38 tAWD 

39 tpc 

41 tcP 

42 tRAL 

43 tcPA 

44 toHR 

45 tcsR 

46 tRPC 

47 icHR 

48 h 

49 tREF 

l?ARAMETER;·· 
~'..i 

CAS to WE Delay 

RAS to WE Delay 

Column Address to WE Delay 

Fast Page Mode Read or Write Cycle Time 

Fast Page Mode Read-Modify-Write Cycle Time 

CAS Precharge Time 

Column Address to RAS Lead Time 

Access Time from Column Precharge 

Data Hold Time Referenced to RAS 

CAS Set-up Time(CAS Before RAS Cycle) 

RAS to CAS Precharge Time 

CAS Hold Time( CAS Before RAS Cycle) 

Transition Time(Rise and Fall) 

Refresh lnterval(512 Cycle) 

50 

90 

60 

40 

95 

10 

30 

35 

50 

5 

0 

15 

3 50 

64 

50 tRASP RAS Pulse Width(Fast Page Mode) 60 lOOK 

51 tcPT CAS Precharge Time(CBR Counter Test Cycle) 40 
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50 50 ns 9 

100 110 ns 9 

65 70 ns 9 

40 45 ns 

95 100 ns 

10 10 ns 

35 40 ns 

35 40 ns 12 

55 60 ns 

5 5 ns 

0 0 ns 

15 15 ns 

3 50 3 50 ns 13 

64 64 ms 

70 lOOK 80 lOOK ns 

40 40 ns 



HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

NOTES: 

1. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a referenced point only. If tRAD is greater than the specified 

tRAD(max.) limit, then the access time is controlled by tAA and tcAC· 
2. tRcn(max.) is specified for reference only. Operation within tRcn(max.) and tRAn(max.) limit insure that tRAc(max.) and tAA (max.) can be met. If tRCD 

is greater than the specified tRcn(max.) then the access time is controlled by tAA and tcAC· 
3. Assume tRAD.s;.tRAn(max.) If tRAD is greater than tRAD(max.) then tRAc will increase by the amount that tRAD exceeds tRAn(max.) 
4. Assume IRCD~Rcn(max.). If tRCD is greater than tRcn(max.) then tRAc will increase by the amount that IRCD exceeds tRcn(max.) 
S. Measured with a load equivalent to two TIL loads and l()()pF. 

6. Assume that IRC~Rcn(max.), IRAD::;!RAD(max.) 
7. Assume that IRCD~Rco(max.) and tRAD;::.(max.) . 
8. Either tRRH or tRcH must be satisfied for a read cycle. 

9. twCS• tRWD• tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: Iftwcs>twcs(min), 
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle : iftRwn>tRwo(min), tcwn>tcwn 
(min) and tAWD~Awn(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. tns and tnu are referencecl to the latter occurence of CAS or WE 
11. tuz 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 t_AA• tcAC or tcAP· 
13. V1L(max.) and AC measurements assumen tT==Sns 
14. An initial 

15. An initial pause of 200µs is required after power-up and followed by a minimum of 8 initialization cycles(any combination 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, Vnn=SV± 10%, Vss=OV, unless otheiwise noted) 

SYMBOL ·PARAMETER TYP. MAX. UNIT 

C1Nt Address, Data input - s pF 

C1N2 RAS, CAS, WE, OE - 7 pF 

CouT Data Out - 7 pF 

NOTE : Capacitance is measured at worst case of voltage levels with a progra1t1mable capacitance meter. 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

TIMING DIAGRAM 

READ CYCLE 
1--------------IRC(2J-------------1 

-IRP(J)-

V1H -------i 1---------tRAS(1J---------1 

V1t - ,, .. ____ ,AR(23)-----t•I 

CA!: V1H-

V1t-

V1H~ 

~~ V1t-

WE 
V1H-

Vit-

V1H-

V1t-

-ICAC(18)- - IHZ(22) 

VoH-
110 Vot-

-IHZ(22)-l-----IRAC(19)+--------I 

~----------· VALID DATA OUT --------HIGH-z--._ ___ ,,. 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

EARLY WRITE CYCLE 

lRC(2) 

RAS 
V1H-

V1L-

CAS 
V1.H-

V1L-

Ao-Ae 
V1H-

V1L-

• WE V1H-

V1L-

V1H-

V1L -'---

lOHR(44) 

lOH(321 

110 V1H - VALID 
HIGH-Z 

V1L- DATA IN 
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HY534256AL 262,144X4-Bit CMOS WW POWER DRAM 

WRITE CYCLE (OE CONTROLLED) 

tRC(2) 

V1H-
lRAS(1) 

~ 
V1L-

lAR(23) 

tCSH(4) 

-tRCD(6)- lRSH(12) 

V1H-
~ 

V1L-

"4-At 
V1H-

V1L-

WE V1H-

V1L--

a!" V1H-

V1L-

1/0 V1H-

V1L-

READ-MODIFY-WRITE CYCLE 

·-----------------tRWC(JSl------------------1 

V1H-
WE 

V1L-

~ 
VrH-

VrL-

110 vi/OH --
VllOL--

3-160 

n.l•----tAR(23)-----I 

·-----------~--tcsH(4)--~----------~1 

tcRP(13) - -tRCD(6)-1------1-------IRSH(12)---------4--I 

IRAD(24) 

COLUMN 
ADDRESS 

l----~---~-tRWD(37)-----------61 

-tAA(20)-

lCAC(18) 
~ 

tHZ(22) IOS(31) 

------HIGH-z--...._-.....,jDf 

lLZ(21)-

tcRP(13) 



HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

FAST PAGE MODE READ CYCLE 

Ao-Ae 

WE 

OE 

110 

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

---'1 l•----------------IRASP(50)---------------+I 

-tAR(23)-

VoH - ----------...... --c:v 
VoL-

FAST PAGE MODE EARLY WRITE CYCLE 

·---------------1RASP(50)----------(~-------I 

-IAR(23)-

•----+IPC(391>------1 
lcRPf\3) IRC0(6) 

Ao-As 

WE 
V1H-

Vn-

OE 
V1H-

Vil-

-tOHR(44) 

•o~I IOH132) 

110 V1H- VALID 
V1L- DATA IN 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1-----------------IAASP(l)-----------------1 

l-----lcSH(4)----•I 

-tACD(6)-

1--+---IPCM(44)---+--~1 
- IASH(12) ___ _., 

ICP(41) 

Ao-As 

V1H

V1L - """"""""""""""""""' 

lcAC(18i 

-IAAC(19)-

110 

._ILZ(21) 

-RAS-ONLY REFRESH CYCLE 

1-.--------------IAC(2)---------------. .. 1 

-IAP(J)-

RAS 
V1H-

V1L-
1---------IAA5(1)----------t .. 1111 

l~AP(13) 

CAS 
V1H-

V1L-

Ao-Aa 

.J=l-t;", 
~:~ = ---71-71-u}"ow •DD f'L',...,..Z..,.....,//...,....Z-//..,...,!l--z.,.....,.zz...,....z1-z.,...,.71--z.,....,.zz---1.....,..zz..,...,72---v,~~--Ro_w A_ooR_ess_ 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

110 

V1H

V1L-

V1H

V1L-

VoH

VOL -

-IRP(J)-

"'1·---------IRAS(1;-----------1.11 

-IRPC(46)-

ICP(41) 
1-------lcHR~47)------t .. l 

-~~HZ(2·2-)~~~~~~~~ f HIGH-Z---------

Note: WE, OE, Ao-Aa=Don't care 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

Ao-As 

V1H - -----...i l·-----IRAS(1)-----I 

V1L-

V1H

V1L -

V1H

-• -tcHAf47)-- -tcf'f(51)_.. l-------IRSH(12) --------<•• 
lcSR(45) _..._ _______ _ 

I 

V1L -.l...l"'-"'-'-"--'"'-"'-'-"--'"'-"'-'-"--'"'-"'-'--'-'--':...L-'-J....j"'-"'44-'-"'-"'-'--'-"'--'-'-.l....'-'-'-.l...."'"'"-'--'-"+il...l..+'-I'-''"""-'-"-' ............... 

READ CYCLE 

WE 
V1H-

V1L-

1------IAOH(16)---+---I 

OE 
VIH-

V1L-

110 VoH - --------HIGH-Z--------1-'t-----.it 
VoL-

DATA OUT 

WRITE CYCLE 1----++-----IRWL(JO)-------i,__•I 

·-++------fcwL12s,-------t•1 

V1H

V1L --'--'-'-'-'--'-"-Ar....L....l..-1....1..-'-l.....l..-'-"--''-'-'-~-44---------4--'-""-''-'-'--'-"'-"l...I.-'--'-...... '"""" .............. 

V1H

V1L -.l.-"-Ar....L....L..l....'--1:...L-'-.l....'-'-'--'-"--':...L-l...~r....L....L..4-fL..6-'--'-'--"'-'-'--'-"'-"l...l.-'--'-'--'1...1.-'-...... '"""" ...... _,_"-"._.. .............. 

1/0 V1H - --------
V1L -
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HY534256AL 262,144X4-Bit CMOS WW POWER DRAM 

lllDDEN REFRESH CYCLE (READ) 

ArrAe 

110 

3-164 

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

VoH-

VoL-

lcRP(13) -

1+---------IRCi21--------•1·--------IRC(2)--------•1 

l-----IRAS(1)------1 -IRP(31- 1-----IRAS(11-----• 

-tCHR(47)- -tcRP(13)-

IRAD(24) 

4-ICAC11e1-- ILZ(21) 

IRAC(19) 

HIGH-Z VALID DATA OUT i...---HIGH-z----



HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

1+--------tRC(2)-------- --------1RC(2)--------~1 

1-----IRAS(1)-------<~I 

A-0-As V1H-

Ell V1L-

WE 
V1H-

v,l-

OE 
V1H-

v,l-

-tOH(32)~ 

1/0 VIH-
VALID DATA IN v,l-

IOHR(441 
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HV534256AL 262,144X4-Bit CMOS WW POWER DRAM 

FUNCTIONAL DESCRIPfION 

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 affectirig 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 initi
tiated until the minimum precharge time, tRP, 
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 tAR· 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 (1/0) 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 
1/0 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 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(Ao 

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 

refre~h only mode and no data access is 



HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

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,L and an "extra 
high" Vm within 0.2V of V00• While the RAS 
clock is at the "extra high" level, the HY534256AL 
power consumption is reduced to the low 1005 

level. Overall 100 consumption when operating 
in this mode can be calculated as follows : 

I= (tRc)X(I active)+(tRx-tRc)XCloos) 
tRX 

Where tRc = 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 h 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 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 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: 

Data Rate= 
512 

DATA OUTPUT OPERATION 

The HY534256AL input/output(l/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 1/0 data. ACAS high 
transition 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 1/0 data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the .1/0 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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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

POWER ON 

An initial pause of200 µsis required after the 
application of Vnn power supply, followed by 
a minimum of eight initialization cycles(any 
tombination 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 V nn current Cinn) requirement of the 
HY534256AL d~ power on is dependent upon 
the input levels of RAS and CAS. If RAS= V ss 
during power on, the device would go into an 
active cycle and Ion would exhibit large current 
transients. It is recommended that RAS and 
CAS track with V 00 or be held at a valid V 1tt 

during power on. 

FlGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 

CA8 
V1H-
V1L-

Ao-As V1H- VALID VALID 
V1L- COLUMN ADDRESS COLUMN ADDRESS 

-kAA~~ 
) -·M~~ >-VoH-

Dour VOL-
VALID DATA VALID DATA 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

PACKAGE INFORMATION 

• 20 PIN PLASTIC DUAL IN UNE PACKAGE - 300 MIL 

0.049(1.245) 
0.029(0. 737) 

---- ~---------4-1 

0.065(1.650) 
0.050(1.270) 

I 

-1--1 
0.021(0.533) 0.100 BSC 
0.016(0.406) (2.540) 

O.DO BSC 

MAX 
UNIT : INCH(mm) -

MIN 

- (7.620) -. 

-~:~~g:~~-

J 
r l 
\ J 

l 
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HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE - 300 MIL 

3-170 

0.0200(0.508) 
- 0.0160(0.406) 

t 
H co 

H 
dd 

MAX 
UNIT : INCH(mm) -

MIN 



HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM 

• 20 PIN ZIGZAG-IN·LINE PACKAGE-400MIL 

£ T 

v v 
- 0.024(0.6096) 

0.016( 0.4064) 

~ . 

I I 
i i 

v y ~ 
0.050(1.2700)-i j-

-----1.036(26.3144) ______ ~, 
1.024(26.0096) 

20 

UNIT : INCH(mm) MAX 
MIN 

- _0.120(3.0480) 
0.112(2.8448) 

1 
/ t 

1 
I 

I ~ 
~~ 

I 
:::;; 

3f2 § cried ' . .., H ~ n § 
MM dd I ! ~~ ;'.? 

I 
lo.. I ;:;;:; ~ ' '1.... I ci 

~....: I I • §i -U-o.012co.3048) 
ci ci I 0.009(0.2286) 

- -o.100(2.5400) BSC 
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DESCRIPTION 

The HYS14100 is a low power and new 
generation dynamic RAM organized 4,194,3Q4 • 
words by 1 bit. The HYS14100 utilizes 
HYUNDAI' s CMOS process technology as 
well as advanced circuit technology to provide 
wide operating margins and very low power to 
the user. 

The package size provides high system bit 
densities and is compatible with widely 
available automated testing and insertion 
equipment. 

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

BLOCK DIAGRAM 

AQO-
A1 O
A20-
A3 o
A4 o
A5 o
Aa o-
A7 0-
Aa 0-
A'Jo--

A1Qo--

xe 
PARALLEL 
TEST 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATING 

MEMORY 
ARRAY 

SUBSTRATE 

BIAS 
GENERATOR 

-<>Voo 
-<>Vss 

M191202A-JAN92 

FEATURES 

• Low power dissipation 
- Operating Current, lOOns: 70mA(max.) 
- TIL Standby Current : 2mA(max.) 
- CMOS Standby Current : lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Common 1/0 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) Ill 

,_ 

HYSHI00-7~ ttYS14100-80 HY514l~lG 
' -

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 

D1N 10 26 Vss 
WE 25 Dour 

RAS 24 CAS 

23 NC 

22 "9 

18 As 
10 17 A7 

16 As 
A3 15 A5 

Voo 14 A4 

SOJ 

PIN NAMES 
,- ----, 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Ao-A10 ADDRESS INPUT 
---

D1N DATA INPUT 

Dour DATA OUTPUT 

Voo POWER ( + 5V) 

Vss GROUND 
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HY514100 4,194,304Xl-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

·, SVMOO~l< !· 
7 c:;c ':':;c:;c ~ .. 

>; L 'P~ETER 

TA Ambient Temperature 

TsTo Storage Temperature 

VIN, VoUT Voltage on Any Pin Relative to Vss 

Voo Voltage on Voo Relative to Vss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED OPERATING CONDIDONS 
(TA=0°C to 10°c) 

L:.·········· MIN. 

Voo Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

.. ,. 

TYP •. 

5.0 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS 

I Iu I Input Leakage Current(any input pin) 
OV~:V1N '.S_6.SV, All other 

pin not under test=Vss 

I It.o I 
Output Leakage Current for DoUT is disable, 

High Impedance State OVSVoUTS5.SV 

RAS, CAS, Address 
Iom Voo Supply Current, Operating 

cycling, tRc=tRcCmin.) 

1002 Voo Supply Current, TTL Standby RAS=CAS=Vrn 

RAS cycling,CAS=Vm, V oo Supply Current, 
1003 

RAS-only Refresh tRc=tRc(min.) 

RAS=Vn,, Address v DD Supply Current, 
1004 

Fast page mode cycling, trc=trc(min.) 

Ioos 
Voo Supply Current, 

RAS=CAS=Voo-0.2V 
CMOS Standby 

1006 
Voo Supply Current, RAS, CAS cycling 

CAS-Before-RAS Refresh tRc=tRc(min.) 

VoL Output Low Voltage IoL=4.2mA 

Von Output High Voltage Iou=-5mA 

NOTES: 
I. loot and 1004 depend on output loading, specified values are abtained with the output open. 

2. loot. 1003, 1004 and 1006 depend on cycle rate. 
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. SPEED 

-70 

-80 

-10 

-70 

-80 

-10 

-70 

-80 

-10 

-70 

-80 

-10 

., 
RATIN~f: UNIT 

!'•''. 

0 to 70 °c 

-55 to 150 "c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

0.6 w 

UN{I'. 

5.5 v 
Voo+l v 

0.8 v 

HYS14100 

MIN. MAX; 
UNIT NOTE 

- 10 µA 

- 10 µA 

- 90 

- 80 mA 1, 2 

- 70 

- 2 mA 

- 90 

- 80 mA 2 

- 70 

- 70 

- 60 mA 1, 2 

- 50 

- 1 mA 

- 90 

80 mA 2 

- 70 

- 0.4 v 
2.4 - v 



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

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) NOTES: 1, 2, 3 

' [: 
~· ., 

.~; ;:: -

.. ··..::.:.. . HYSl"lOO 
I···. I' 

I•# 7;: 
..:_ 

~ 10 SYMBOL PARAME'l'Ek 70 j .. ·: 'SI} 
.· ,.lJNtI ··NOTES ;: 

:. 
MIN~ MAx:.· MU::' 

~->.·' 

', .' - ·: ' 
MIN. MAX. MIN. 

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

2 tRwc Read-Modify-Write Cycle Time 155 - 180 - 210 - ns 

3 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 tcu CAS to Output in Low-Z 0 - 0 - 0 - ns 4 

10 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 5 • 11 lT 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 lOK 80 lOK 100 lOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 70 200K 80 200K 100 200K ns 

15 tRSH RAS Hold Time 20 - 25 - 25 - ns 

16 tcsH CAS Hold Time 70 - 80 - 100 - ns 

17 tcAS CAS Pulse Width 20 lOK 25 lOK 25 lOK ns 

18 tRCD RAS to CAS Delay Time 20 50 20 55 25 75 ns 9 

19 tRAD 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 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 - 15 - ns 

24 tASC Column Address Set-up Time 0 - 0 - 0 - ns 

25 le AH Column Address Hold Time 15 - 15 - 20 - ns 

26 tAR Column Address Hold Time referenced to RAS 55 - 60 - 80 - ns 

27 tRAL Column Address to RAS Lead Time 35 - 40 - 45 - ns 

28 tRcs Read Command Set-up Time 0 - 0 - 0 - ns 

29 tRCH Read Command Hold Time 0 - 0 - 0 - ns 6 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 6 

31 twcH 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 tRWL Write Command to RAS Lead Time 20 - 25 - 25 - ns 

35 tcwL Write Command to CAS Lead Time 20 - 25 - 25 - ns 

36 tos Data Set-up Time 0 - 0 - 0 - ns 7 

37 toH Data Hold Time 15 - 15 - 20 - ns 7 

38 to HR Data Hold Time referenced to RAS 55 - 60 - 80 - ns 

39 tREF Refresh Period - 16 - 16 - 16 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - ns 8 

41 tcwo CAS to WE Delay Time 20 - 25 - 25 - ns 8 

42 tRWD RAS to WE Delay Time 70 - 80 - 100 - ns 8 

43 tAWD Column Address to WE Delay Time 35 - 40 - 45 - ns 8 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

\· ' 'f ' ,J =: ""'': \i 

~.,;~~LI'.<:, '.n'rL·,:~~., 
c;;·l·'· ·~ -. :::8Y514100:::

1
":: 'Jf .... ·:;: 1 .·'.'T :. 

Jc' _&. ~q;· .··1 ·~·· · ;z·s.J\' >:';,,r .. ~.; 1o·.> .~·.JuNtt' ·.~~ 
···~·····MAX MIN.:)~: N'llN~ · ~ •... · · .... ·· 1··· •2~;·~1;;;'.. '%,; f;~, ,!'.f :·;, ' "~\ :)>0.,;;~3:·;~: <; < '-"" 

44 tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 IO IO ns 

4S tcHR CAS Hold Time(CAS Before RAS Cycle) 30 30 30 ns 

46 tRPC RAS to CAS Precharge Time 0 0 0 ns 

47 tcPT CAS Precharge Time(CBR Counter Test Cycle) 40 40 so ns 

48 tWTS Write Command Set-up Time(Test Mode In) 10 10 10 ns 

49 twrn Write Command Hold Time(Test Mode In) 10 IO 10 ns 

so tWRP WE to RAS Precharge Time(CBR Cycle) 10 IO 10 ns 

Sl tWRH WE to RAS Hold Time(CAS Before RAS Cycle) 10 10 IO ns 

S2 tcPWD CAS Precharge to WE Delay 40 4S so ns 

S3 tRHCP RAS Hold Time from CAS Precharge 40 4S so ns 

AC CHARACTERISTICS IN TEST MODE NOTE II 

; 
,',, 'HYS14100· ~J': r.:'., 

·J;/; 
~ ,, ., ·, 

# SYM:Q()L ·p~RAMf:TER ' 70, 
. 

80 . 'tO I';/ '.·. .UNIT NOnfS -"--"-
I l 'MIN; .MAX. MlN. IMAX; f\11.Ni/ ' M'Ax.:~ 

S4 tRC Random Read or Write Cycle Time 13S - lSS - 18S - ns 

SS tRwc Read-Modify-Write Cycle Time 160 - 18S - 21S - ns 

S6 tpe Fast Page Mode Cycle Time SS - SS - 6S - ns 

S7 tPRWC Fast Page Mode RMW Cycle Time 80 - 8S - 9S - ns 

S8 tRAc Access Time from RAS - 7S - 8S - lOS ns 4, 9 

S9 tcAC Access Time from CAS - 2S - '30 - 30 ns 4, 9 

60 tAA Access Time from Column Address - 40 - 4S - so ns 4, 9 

61 tcPA Access Time from CAS Precharge - so - so - 60 ns 4 

62 tRAS RAS Pulse Width 7S IOK 8S lOK lOS IOK ns 

63 tRASP RAS Pulse Width(Fast Page Mode) 7S 200K 8S 200K lOS 200K ns 

64 tRSH RAS Hold Time 2S - 30 - 30 - ns 

6S tcsu CAS Hold Time 7S - 8S - lOS - ns 

66 tcAS CAS Pulse Width 2S JOK 30 lOK 30 lOK ns 

67 tRAL Column Address to RAS Lead Time 3S - 4S - so - ns 

68 tcwo CAS to WE Delay Time 2S - 30 - 30 - ns 8 

69 lRWD RAS to WE Delay Time 7S - 8S - lOS - ns 8 

70 lAWD Column Address to WE Dealy Time 40 - 4S - so - ns 8 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

NOTES: 

1. An inili11I pause of 200µs is required after power-up folJowed 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 mcnsurcmcnts assume tT=5ns. 
3. Viu(mln.) and VtLCmax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vitt and VtL· 
4. Measured with a load equivalent to 2 1TL loads and IOOpF. 
5. toFF(mux.) dcflnes the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either IR( "H or IRRH must be satisfied for a read cycle. 
7. These purumeters are referenced to CAS leading edge in early write cycles and to 'WE leading edge in read-modify-write cycles. 

8. twcs. IRWI>. tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. Iftwcs2::twcs(min.) 
the cycle is an early write cycle .and data out pin will remain open circuit (high impedance) through the entire cycle: IftRwo~tRwo(min.). tcwo>tcwo(min.) 
and tAwn>tAwoCmin.) 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 satisf1•-J:-1hc condition of the data out(at access time) is indeterminate. 

9. Opera lion within lhe tRcnCmax.) limit insures that tRAcCmax.)can be met. tRcnCmax.) is specified as a reference point only : IftRCD is greater than the specified 
tRcn(rnux.) limit, then access time is controlled by tcAC· 

10. Opera lion within the IRAo(max.) limit insures that tRAc(max.) can be met. tRAD(rnax.) is specified as a reference point only: IftRAD is greater than the specified 
tRAD(mux.) limit, then access time is controlled by •AA· 

11. These spcci11cations are applied to the test mode. 

CAPACITANCE 
(TA=0°C to 70°C, Vnn=5V+10%, f=lMHz) 
,---------,-- ··-· -·-

SYMBOL PARAMETER MIN. MAX. UNIT 

('INI Input Capacitance(Ao-Aw, DIN) 
r---

- 5 pF 

C'tN2 Input Capacitance(RAS, CAS, WE) - 7 pF 
~--- . ---

C111rr Output Capacitance(DoUT) - 7 pF 
'----- W·--·-
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HY514100 4,194,304X 1-Bit CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 
----------------tRCi1)----------------I ... 

-!RPi121-

4----------lRAS(13)-----------

____ .,._ ____ !RsH11s1--~-- .-tcAP(20i_. 
-----IP-++----------------"""'*~' , __ ....., ______ .., ______________ __ 

-!cAS(17)-

COLUMN 
ADDRESS 

I 
lRCSi28) -

-!cACi6)-... 
_____ _..!AA171 ___ __ 

+!cLZi91 .. 

Dour 
VoH 

Vol 
------------HIGH-z-----------~11/ VALID DATA OUT 

EARLY WRITE CYCLE 
14--------------\RC(1)----------------1 

-lAPi121-

... 1-------'----lRAS(13)-----------

------!RCD(18)----- -tASH(15)-

WE V1H 

Vil 

IDH(37) 

V1H 
D1N 

V1l 
VALID DATA IN 

IDHA(38' 

Dour VoH 

Vol 
HIGH-Z 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

Dour 
VoH 

Vol 

----------------lRWCi2\----------------<-

------------lRASi13)----------. 

------lRSH(lS)-----1 

-----lRCDi181----- -lRWL(34)-

--lcAS(17)+------11 

•---------+---+-\cSH(16)---+------

•------lAR(26)-+---+----- ..__ lcWL(35)._. 

lcRPi20) .__. 

I ~'f -''"'"'-~,, I 
I //JI //J///////jj)//J//J//J 11/J/i~ VALID DATA IN Wf/11! Ill! ////Jiiii !IZ 

I 

lcACi61 

-~ loFF(101 

-!AA17l .... 

--------lRAC(S)--1-----1 

--------HIGH-z-----ot-<11 VALID DATA OUT 

lcLZ(9) 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

Dour 
VoL-

ICLZ(91 

-1 
FAST PAGE MODE EARLY WRITE CYCLE 

Ao-A10 V1H 

V1L 

-·IRAD1191-

V1H 
WE 

V1L 

D1N 

Dour 

~---IDHR1381----1•1 

VoH - --------------------HIGH-z-------------------VoL --
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HY514100 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE 

RAS 

CAS 

AJ-A10 

WE 

D1N 

DoUT 

V1H 

V1L 

V1H 

V1L 

V1H 

V1L 

V1H 

V1L 

V1H 

V1L 

VoH 

Vm 

RAS-ONLY REFRESH CYCLE 

1---------------!Rc111-----------------

RAS 

CAS 

Do UT 

Vut 
---------lRASi13) 

V1L 

h:HPt:?Ol 

VtH 

V11. 

IA,;Hi.':'' IRAH1231 

:=~ 
Vrn1 

Vo1 

NOTE: WI'. and Aio="H" or "L" 

-IRP1121-
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HY514100 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

Dour 

V1H --

\cP(21) lcSRi44) 

~-

..------------IRC(1)------------<• 

1 +------IRAS(13)-------

-ICHR(45)-

V1L --- ______ ,, 

. lwAP(50) lwRH(51) 

'l U' ///JJd- --kvJl///fll IT!i l!l/IT//11/TflTJ/// 

VoH - ------'-t-o-FF-110~ .... ' ----------------
. HIGH-z-------------

Yo, 

NOTE : Ao-A10= "H" or "L" 

HIDDEN REFRESH CYCLE (READ) 

1•-------1RC(1)---------<~ 

4----IRAS(13)----• ------1RAS(13)----.. 1 RAS 
V1H 
V1L 

ICRP(20) 

CAS 
V1H --
V1L--

Ao-A10 
V1H--

V1L--

WE 
V1H--

V1L--

Dour 
VoH--

VOL-- VALID DATA OUT 

- -

3-182 



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

HIDDEN REFRESH CYCLE (WRITE) 

-----1RAS(13)----• 

--ICHR(45)-

Ill 

WE 
V1H 

V1L 

VIH 
D1N 

V1L 
VALID DATA IN 

IDHR(381 

DouT 
VoH--

VOL--
HIGH-Z 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

r+-----------1RASi131-----------

VrH --------------~ 
RAS 

Vrl 

VrH 
CAS 

Vrl 

VrH 
Ao·A10 

Vrl 

READ CYCLE 

DouT 
VoH-

Vol 

_______ ..... ....,_ HIGH-z----------.... - ........ -a 
VAi.JO DATA OUf 

VrH 
WE 

V1L 
IRCH(29) 

WRITE CYCLE 

DouT VoH -------------i--+--------------+----+-+-----HIGH-z------i-+--..---------
Vol --

r•-+---+-t---IRWL(341------+-+---I 

--t----+-+---lcWL(35)-----
!wCSi40) 

~i .. tDS{36)... -IDH(37)-i,,.., 11 I 

~: =-,12-7 /_7/ __ 76.,...,..!/J,-v,-~~v,.......,72.......,..~ ~AUD DATA IN ~-v,-7 ~~V,.......,71%....,..,72_..,.72_..,.7/_..,.72._.,./; 
, I I I I I I I I 

READ-MODIFY-WRITE CYCLE 

Dour 

WE 

3;.184 

-ICAC(61-

VoH -- -------+-+--HIGH-z--------+----i~--<r VALID DATA OUT 
Vol--

lcwL1Js1 I I 
==34)-... 

----+--IAAI?!--... 

----+-+- IAWDi43)-

IWP133) 

-lcWD(41)- - ... 

~: = ,--7/ . .,...,..v--11-1l!-71-v,~w,--'/ 1~11'"""7""'lv,,...,...,v,"""'7""'lv ........ 11_..,72-zx ~~f IN W!LJl/11/lli~. z 
- 1~11~1-



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

TEST MODE IN CYCLE 

RAS 
V1H 

V1L 

V1H 
CAS 

V1L 

V1H 
WE 

V1L 

DouT 
VoH 

VoL 

tcP(21) -
14-------tRASi6,2)-------I 

---...... --- twrs1•a1 ·I/ = ~\i~ --tWTH(49)-,,w/@////////ff/7//ffe/Z 

----ii=~·----~ HIGH-z--------------

NOTE : D1N and Ao-A10: "H'' or "L" 
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HY514100 4,194,304X 1-Bit CMOS DRAM 

TEST MODE 

The HYS14100 is a DRAM organized 4,194, 
304 words by 1 bits and it is internally 
organized 524,288 words by Shits. In Test 
Mode, data are written into 8 sectors in parellel 
and retrieved the same way. A10R, Arne and 
Aoc are not used. If, upon reading, all bits are 
equal(all ls or Os), 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 HYS14100. In Test 
Mode, 4M X 1 DRAM can be tested as if it 
were a 512KX1 DRAM. 

BWCK DIAGRAM IN TEST MODE 

A10R,A1cx:, Aoc A 
512K block 

A. 
A,0R,A>0c, A;;;: B 

512K block 
8 

A>0R, A,oc, Aoc 
512K block 

Test 
512K block 

B4 
Normal 

512K block 

512K block 

512K block 

512K block 

3-186 

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-eighth 
of normal in case of N test pattern. 

Voo 

lN~~I 
~ 

Test 

Test 



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

PACKAGE INFORMATION 

• 20/26 PIN SMAIL OUT LINE J-FORM PACKAGE-300 MIL 

0.0200(0.5080) 
-- - 0.0160(0.4064) 

0.0320(0.8128) 
- 0.0260(0.6604) 

l'lllLl'IJ/6-......;.--=:::.ti.1-L 

-T 
2@ 

u 

UNIT: INCH(mm) MAX 
MIN 
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DESCRIPfION 

The HYS14100A 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 
HYS14100A offers a fast page mode operation, 
fast usable speed, and inherently high CMOS 
reliability. 

All inputs and output are TIL compatible. 
Multiplexed address inputs permit the 
HYS14100A 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. 

BLOCK DIAGRAM 

Aoo-
A1 O
A20-
A3 O
A4 o
A5 0-
As o-
A70-
Aa 0-
Ago-

A100--

xe 
PARALLEL 
TEST 

DATA IN 
BUFFER 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATING 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 
GENERATOR 

PRELIMINARY 

M1G1200A-MAR92 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns : 85mA(max.) 
-TIL Standby Current : 2mA(max.) 
-CMOS Standby Current : lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Fast Page mode and Test mode 1Capability 
• 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 cycle time(ns) 

HVSI4100A-60 HY514100A·70 HY514100A·80 

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 

D1N 10 26 Vss D1N 0 26 Vss 
WE 25 Dour WE 25 Dour 

RAS 24 CA8 RAS 3 24 GAS 
NC 4 23 NC NC 4 23 NC 

A10 5 22 Ag A10 22 Ag 

18 Ae Ao 18 As 
A, 10 17 A7 Al 10 17 A7 
A2 11 16 As A2 11 16 A5 
A3 12 15 As A3 12 15 A5 

Voo 13 14 A4 Voo 13 14 A4 

SOJ TSOP 

PIN NAMES 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Ao·A10 ADDRESS INPUT 

D1N DATA INPUT 

Dour DATA OUTPUT 

VDo POWER•(t-5V) 

Vss GROUND 

ZIP 

3-189 



HY514100A 4,194,304X 1-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

TsTG Storage Temperature 

Voltage on Any Pin Relative to Vss 

Von Voltage on Von Relative to Vss 

los Short Circuit Output Current 

TsoLDER Soldering Temperature, Time 

Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

MIN. . 

Von Supply Voltage 4.S 

Vrn Input High Voltage 2.4 

Input Low Voltage -1.0 

NOTE : All voltages are reference to Vss· 

DC CHARACTERISTICS 

TYP1-

s.o 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOt 1 PAJt~.METEQ TEST CONDIDONS SPEED 
'· J_ 

I Iu I Input Leakage Current(any input pin) 
OV~V1N~6.SV, All other 

pin not under test=Vss 

I Iw I 
Output Leakage Current for DouT is disable, 

High Impedance State OV~VouT<S.SV 

-60 
RAS, CAS, Address 

1001 Von Supply Current, Operating -70 
cycling, tRc=tRc(min.) 

-80 

1002 Von Supply Current, TTL Standby RAS=CAS=Vrn 

-60 
RAS cycling, CAS=Vm, 

1003 
Yoo Supply.Current, 

-70 
RAS-only Refresh tRc = tRc(min.) 

-80 

-- -60 
Von Supply Current, RAS= V1L, Address 

1004 -70 
Fast page mode cycling, trc=trcCmin.) 

-80 

Ions 
V oo Supply Current, 

RAS =CAS=Voo-0.2V 
CMOS Standby 

---- -60 

1006 
Von Supply Current, RAS, CAS cycling 

-70 
CAS-Before-RAS Refresh tRc=tRc(min.) 

-80 

VoL Output Low Voltage loL=4.2mA 

Yott Output High Voltage lott=-SmA 

3-190 

0 to 70 "c 

-SS to lSO oc 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

so mA 

260, 10 °C, sec 

73S mW 

.... )"'" M(\X. ;. ,.Ul'Jft 
S.5 v 

Voo+l v 
0.8 v 

HY514lf)()A 
UNIT NC)'fE: 

.MIN .. _, ·MAX· 

- 10 µA 

- 10 µA 

- lOS 

- 9S mA 1, 2 

- 8S 

- 2 mA 

- lOS 

- 9S mA 1 

- 8S 

- 6S 

- SS mA 1, 2 

- 4S 

- 1 mA 

- lOS 

95 mA 1, 4 

- 85 

- 0.4 v 
2.4 - v 



HY514100A 4,194,304X 1-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, s 

I· •' > ·, .• ,, .:/' ·. I·· ·. . .. HY5I~IOOA 
,, 

,~,.;,· 

.. _:_ .. :..:., I• " 
:It. s¥,Nloot PARA.METER .60 70 •SQ T~ tJNrr· NOTE 

' 
L:_ • ..l I. . : 

I·· "'""- ~.:•:..:..i. :.:...··--"' _..::.. cf__:_ '_:_ MIN .. MAx. MIN.· MAx; .Mll'J: MAX.· -2 
1 tRc Random Read or Write Cycle Time 120 - 130 - lSO - OS 

2 tRwc Read-Modify-Write Cycle Time 14S - lSS - 180 - OS 

3 tpc Fast Page Mode Cycle Time 40 - 4S - SS - OS 

4 tPRWC Fast Page Mode Read-Modify-Write Cycle Time 6S - 70 - 8S - OS 

s tRAc Access Time from RAS - 60 - 70 - 80 OS 7, 12 

6 tcAC Access Time from CAS - 20 - 20 - 2S OS 7, 12 

7 tAA Access Time from Column Address - 30 - 35 - 40 OS 7, 12 

8 tcPA Access Time from CAS Precharge - 35 - 40 - 50 OS 7 

9 tcLz CAS to Output in Low-Z 0 - 0 - 0 - OS 7 

10 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 OS 8 

11 h Transition Time(Rise and Fall) 3 so 3 so 3 so OS 6 

12 fRp RAS Precharge Time so - so - 60 - OS 

13 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK OS 

14 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K OS 

lS tRsH RAS Hold Time 20 - 20 - 2S - OS 

16 tcsH CAS Hold Time 60 - 70 - 80 - OS 

17 tcAS CAS Pulse Width 20 lOK 20 lOK 2S lOK OS 

18 tRCD RAS to CAS Delay Time 20 40 20 so 20 SS OS 12 

19 tRAD RAS to Column Address Delay Time lS 30 lS 3S lS 40 OS 13 

20 tcRP CAS to RAS Precharge Time s - s - s - OS 

21 tcP CAS Precharge Time 10 - 10 - 10 - OS 

22 tASR Row Address Set-up Time 0 - 0 - 0 - OS 

23 tRAH Row Address Hold Time 10 - 10 - 10 - OS 

24 tAsc Column Address Set-up Time 0 - 0 - 0 - OS 

2S tcAH Column Address Hold Time lS - lS - lS - OS 

26 lAR Column Address Hold Time referenced to RAS so - SS - 60 - OS 

27 tRAL Column Address to RAS Lead Time 30 - 3S - 40 - ns 

28 tRcs Read Command Set-up Time 0 - 0 - 0 - OS 

29 tRCH Read Command Hold Time 0 - 0 - 0 - OS 9 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - OS 9 

31 twcH Write Command Hold Time lS - lS - 15 - OS 

32 twcR Write Command Hold Time referenced to RAS so - SS - 60 - OS 

33 twp Write Command Pulse Width lS - lS - lS - OS 

34 tRWL Write Command to RAS Lead Time 20 - 20 - 2S - OS 

3S tcwL Write Command to CAS Lead Time 20 - 20 - 2S - OS 

36 tos Data Set-up Time 0 - 0 - 0 - OS 10 

37 toH Data Hold Time lS - lS - lS - OS 10 

38 to HR Data Hold Time referenced to RAS 50 - SS - 60 - OS 

39 tREF Refresh Period - 16 - 16 - 16 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - OS 11 

41 tcwo CAS to WE Delay Time 20 - 20 - 2S - OS 11 

42 tRWD RAS to WE Delay Time 60 - 70 - 80 - OS 11 

43 tAwo Column Address to WE Delay Time 30 - 3S - 40 - OS 11 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

,' 

·HY514100A ':,' ', ,,,•,,,,;' 1,, 

,'', 

PARAM£rta , / '70 
--,,.-

tJNtf : 
\,",•' 

# SYMBOL ti() ,80 NOTE: 

MIN. MAX. MIN. MAX. MIN. l\W{,',· 
,'"""' 

44 1:cSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

4S fcHR CAS Hold Time(CAS Before RAS Cycle) lS - 20 ' - 30 - ns 

46 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

47 tcPr CAS Precharge Time(CBRCounter Test Cycle) 30 - 3S - 40 - ns 

48 tWTS Write Command Set-up Time(Test Mooe In) 10 - 10 - 10 - ns 

49 twrn Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns 

so tWRp WE to RAS Precharge Time( CBR Cycle) 10 - 10 - 10 - ns 

Sl tWRH WE to. RAS Hold Time ( CBR Cycle.) 10 - 10 - 10 - ns 

AC CHARACTERISTICS IN TEST MODE NOTE t4 

HY514100A 
' . 

# SYMBOL 'PARAMETER 60 70 80 ,, UNIT NOTE' 
MIN. MAX. MIN. MAX. MIN. MAX. 

S2 tRc Random Read or Write Cycle Time 12S - 13S - lSS - ns 

S3 tRwc Read-Modify-Write Cycle Time lSO - 160 - 18S - ns 

S4 tpc Fast Page Mode Cycle Time 4S - so - 60 - ns 

SS tPRWC Fast Page Mode RMW Cycle Time 70 - 7S - 90 - ns 

S6 tRAc Access Time from RAS - 6S - 7S - 8S ns 7, 12 

S7 1:cAC Access Time form CAS - 2S - 2S - 30 ns 7, 12 

S8 tAA Access Time form Column Address - 3S - 40 - 4S ns 7, 12 

S9 1:cPA Access Time from CAS Precharge - 40 - 4S - SS ns 7 

60 tRAs RAS Pulse Width 6S lOK 7S lOK 8S lOK ns 

61 tRASP RAS Pulse Width(Fast Page Mode) 6S 200K 7S 200K 8S 200K ns 

62 tRSH RAS Hold Time 2S - 2S - 30 - ns 

63 tcsH CAS Hold Time 6S - 7S - 8S - ns 

64 1:cAS CAS Pulse Width 2S lOK 2S lOK 30 lOK ns 

6S tRAL Column Address to RAS Lead Time 3S - 40 - 4S .'..... ns 

66 tcwn CAS to WE Delay Time 2S - 2S - 30 - ns 11 

67 tRWD RAS to WE Delay Time 6S - 7S - 8S - ns 11 

68 tAWD Column Address to WE Dealy Time 3S - 40 - 4S - ns 11 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

NOTES: 
1. 1001. 1003, loD4 lo06• Ioo7 depend on cycle rate. 
2. looi. 1004 depend on output loading. Specified values are obtained with the output open. 
3. An initial pause of 200µs 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=V1L and CAS=Vm. 
5. AC measurements assume tT=Sns. 

6. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vm and VIL· 
7. Measured with a load equivalent to 2 TTL loads and lOOpF. 
8. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

9. Either IRCH or IRRH 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 cycle. 
11. twcs. IRWD• tcWD and IA WD 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: IftRwo>tRwo(min.). tcWD;tcwo(min) 
and tAwo>tAwo(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell: If nelther of the above sets ~f conditions 
is satisfied:-the condition of the data out(at access time) is indeterminate. 

12. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met tRco(max.) is specified as a reference point only : If lRco is greater than the specified 

tRco(max.) limit, then access time is controlled by tcAC· 
13. Operation within the tRAD(max.) limit insures that tRAc(max.) can b.e met lRAo(max.) is specified as a reference point only : If tRAo is greater than the specified 

IRAD(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, Voo=SV± 10%, f=lMHz) 

SYMBOL PARAMETER ..:. MIN: MAX. .UNIT 

C1N1 Input Capacitance (Ao-A10, D1N) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE) - 7 pF 

CouT Output Capacitance(Dom) - 7 pF 
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HY514100A 4,194,304'Xl-Bit CMOS DRAM 

TIMING· DIAGRAM 
READ CYCLE 

'4---------------!RC111---------------

4----------tRAS1131-----------

4-lcAHi251+ 

COLUMN 
ADDRESS 

I 
lRCSi281 -

-tcACi6J-... 

-----.... tAA171----

•lCLZ191• 

-lRPi12J-

4--------tRACiSl-------+-

J.o------~----~------...i. Dour VoH 

Vol 
-------HIGH-z---------ci/ VALID DATA OUT 

EARLY WRITE CYCLE 
1•--------------IRc111---------------_,. 

-IRP1121-

... ---------lRASi13J-----------

4-----lRC0(181-----<- -IRSH)15)-

WE V1H 
Vil 

lDHJ37) 

D1N V1H 

Vil 
VALID DATA IN 

IOHRi38' 

Dour VoH 
Vol 

HIGH-Z 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

Dour 
VoH 

Vol 

IASR(22) 

----------------IRWC121----------------

------1RSH(15)----I~ 

~-IRWL(34i-

--lcASi17)+-------<._ 

________ __,.,__ _ ___,_\csH1161---+------

•------IARi26J-+----t-----I~ 
.-lcWL(35)_.. 

--IRAD(19)----. .--+---+--IRAL(27J+-+-------I._ 

._ICAH(25) ... 

IRCSi28i 

I 

ICRP(20) ..__.. 

I ~'f +-lc~'"'-.L, I 
!/J// llJ///J////11/ !Ill II f!l/J/E~ VALID DATA IN WI!// II/ !11//fj //J/J/Z 

I 

lcACi61 

-~ ~IAAl7\+-----
--------IRACi5J---ll----• 

--------HIGH-z-----+-<11 

lcLZ(9) 

IOFFi10\ 

VALID DATA OUT 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

Dour 
VoH

VoL-

FAST PAGE MODE EARLY WRITE CYCLE 

~-A10 
V1H 

V1L 

-IRADi19J-

V1H 
WE 

V1L 

D1N 
V1H 

V1L 

IDHRt381 

Dour 
VoH 

Vol --

3-196 

ICLZi91 ........ 

HIGH-Z 

I 
!QFF(10) 

-1 

lcACi61 --

!cLZi91 

.. I 



HY514100A 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE 

RAS 
V1H 

V1L 

CAS 
V1H 

V1L 

AQ-A10 
V1H 

V1L 

WE 
V1H 

V1L 

D1N 
V1H 

V1L 

DoUT 

VoH ~- _________________________ _. 

Vol 

RAS-ONLY REFRESH CYCLE 

RAS 

CAS 

DoUT 

---------------tRC(1)-----------------

-lRP1121-

---------lRAS(131 
V1H ... 
V1L 

\cRP(201 

V1H 

V1L 

IASR1221 IRAH123i 

~:: =~ ~--=--~ ///Zl/JZI l//LfJ/1111/JZ/ JZ/I §ZI 

VoH 

VoL 

NOTE: WE and A1o="H" or "L" 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

DouT 

V1H --

tcP1211 tcsR1••1 

~-

•------------lRq11----------~• 

,.__-----IRAS\131-------

-!cHRi451-

V1L -- ______ ,, 

V1H-

V1L --

lwRP150i lwRHi51) 

1 /llAT_ffJZl..-+ -bu UZTll ![!IT@ !LZ!ffO_!Zli 

VoH - ______ l __ to_F_Fp-t.o~' ---------------

. HIGH-z-------------
VoL --

NOT[: Ao-Aw= "H" or "L" 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H 
V1L 

CAS 
VtH --

Vtl --

l\J·A10 
V1H--

V1L --

WE 
V1H--

V1L --

DouT 
VoH--

VoL--

3-198 

ICRP(201 

l•-------IRC111--------

~---IRAS\131----• 

IRSH(151 
-!RCD(18)- --

ICAC(61 -.... 

- -

4-----lRAS\131----o~ I 

VALID DATA OUT 



HY514100A 4,194,304X 1-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE(WRITE) 

------1RAS(13)-----

-ICHR(45)-

WE 
V1H 

V1L 

V1H 
D1N 

V1L 
VALID DATA IN 

IDHR(381 

OouT 
VoH--

HIGH-Z 
VOL--
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

-----------IRAS(131----------

V1H 
RAS 

V1L 

CAS 
V1H 

V1L 

lcSR(44) 

....._. -ICHR(45)- ---ICASi171-

V1H 
Ao·A10 

V1L 

~~-, ~ =7!! 11i!l/li//// II !lfL :-:""'-. 71 !liflll !//J//f!Z 
I I I I 1 I I I 

READ CYCLE -ICAC(61-

1.+---+-+IAA(71~ 

~----------------· Dour 
VoH-

VOL -
------~-HIGH-z-----+---+-+--U V.AUD DATA OUT 

lcLZl91 

V1H 
WE. 

V1L 
IRCH(29) 

WRITE CYCLE 

Dour VoH ----------+-~---------+---+--+----HrGH-z----+--+---+------------
VoL -

4-t--+-+--IRWLi34i------+-+-~-.. I 

.._,l----+-+---lcWL(351,------ I 

twcs1•01 

n.1 .. IDS{36)-.. -IDH (37)-~,.., 11 I 
~: =-,11-v,-12--a.,....,..7/J--7 /-//-v,-v,-~ VALID DATA IN . ~-7/-v,~v,-7 f;,.._7/,...,....,72-zz-71--z 

11 . I I I I I I 

READ-MODIFY-WRITE CYCLE llJ:,,., 
Dour 

WE 

3-200 

-lcAC(6)-

VoH - _____ __,1-*-HIGH-z----------+----+-+----t~r 
VALID DATA OUT 

Vm-

lcwL1351 I I 
==34)-... 

14----+-+-IAAi71_.,. 

_ ___,I-+- IAWDi43)-

IWP!33) 
-ICWD(41)_.,. _ ... 

~: = .,_7/_.,..7 t_.,..!!.,....,..72--/i /,,,_.'/ __ /j /_V,_7 /_V,,...,...,7 /~v,-v,,,_..,12-~ ~~~IN Wl!7////. 11//J! 
. -1~11~d-



HY514100A 4,194,304X 1-Bit CMOS DRAM 

TEST MODE IN CYCLE 

RAS 
V1H 

V1L 

V1H 
CAS 

V1L 

V1H 
WE 

V1L 

DouT 
VoH 

Vol 

lCP(21) -
·-------IRAS(60)-------• 

IWTSi48) = ~\S\~&--\'\~~\i~ -IWTHi49)-,v@llllll////////////////Z 

-----'!lll=J ___ _ :? HIGH-z------------

NOTE: DIN and Ao-A10: "H" or "L" 

BLOCK DIAGRAM IN TEST MODE 

r:l~ 
L:.J 

Norm 

A,oR, A,oc, Aoc 

~ -0~ 

A10R,A,oc,A;:, 

-0 -9- ~ 
L 

A10R, A,oc, Aoc 

~ -0 ...Q 
L 

A10R~ 

0.-. L 

<>-t-t 
al 

A10R,A,oc,~ 
~ -0. .J 

::::::::,_ L 

A.;,A~ 
~ .. 

A10R,A~ 
,__ -0 

A,oo. A,oc~;:_, 
- -0 J 

:::::::_ L 

512K block 

512K block 

512K block 

512K block 

512K block 

512K block 

512K block 

512K block 

Voo 

·~ 
LA 
I 

_J A 
( LB .r--. 

[ 

Normal 

~ 
Test 

Js 

le 
[ 

Ill[ r-
Jc 
[D 

~ 

l. E 

~ 
~ 
l. F 

~ 

lG 6, 

~ 

c:_j l. H 

~ 

Test 

~ 
Normal 

Fig. 1 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

TEST MODE 

The HYS14100A 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. A10R, Awe and Aoc 
are not used. If, upon reading, all bits are equal 
(all ls or Os), the data output indicates 1. If any 
of the bits differed, the data output pin indicates 
0. The figure · 1 shows the block· diagram 
ofHYS14100A. In Test Mode, 4MX1 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 
-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 

~~~~~~~~t t 

~j ~~ 
r...: r--.: aja) 

i~ ~~ 
0 0 0 0 

~~~~ ll 

0.0200( 0.5080) 
- 0.0160(0.4064) 

1 
0.0320(08128) 

~ ~ L_-----1--+----------IH+---o.0_2eo_c""""lo.6604) 

crj crj 

J~ 
d d t 
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HY514100A 4,194,304X 1-Bit CMOS DRAM 

• 20/26 PIN THIN-SMALL OUTLINE PACKAGE-300 MIL 

§~ i~ 
I ,..:,..: aiai -------------- -i--- ------------ n n 
i dci dci 

~~~~lJ 

~~ 
0.020(0.508) '§ ~ 

-l fo.050(1.270)BSC0.0~4(0.356)-11- ci ci 

6 n¢¥ FU I iJ4 H H HJ +r_BAS~~ 
ifTL... SEATING PIJ\NE 

~-;::- 0.679( 17.247) : 
~ § ~-- ---- 0.671(17.043) ------1 ¥§ 

g~ ~~ 
09 ciO 

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400 MIL 

! -¢-
- l---·---------------1------------·---·-, 

v v 
- 0.024(0.6096) 

0.016(0.4064) 

µ,.. 

I 
i I 

v v v v v y ~ 
0.050(1.2700)-i j-

, _______ 1.036(26.3144) _______ 1 

1.024( 26.0096) 

20 

UNIT : INCH(mm) ~~: 

~~ 
cici 

!! 
d/v{I ~31~3~\~ 0 

J I_ 0.023(0.584) IT 

-
l r 

I 

~~ 
3~ I 
8~-: - '_..., 

u I 
~ .... I 

0.017(0.432) o-so 

_0.120 (3.0480) 
(2.8448) 0.112 

t 
~ 
~ 

§ 
~ d 

~ M 

~ ~ 
0 ci 

1 
I ~~ 
~ ~~ 
d n 

I cici ,..__ 

~~ j 
"l0 

§~ .1-l!l-0.612(0.3048) 
ci d I 0.009(0.2286) 

- -0.100(2.5400) BSC 
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DESCRIPTION 

The HYS14100ALis a high speed, low power 
4,194,304 words by 1 bit CMOS dynamic 
random access memory, fabricated with the 
HYUNDAI CMOS process. The HYS14100AL 
offers a fast page mode operation, fast usable 
speed and inherently high CMOS reliability. 

All inputs and output are TIL compatible. 
Multiplexed address inputs permit the 
HYS14100AL to be packaged in a standard 
20/26 pin SOJ, TSOP, and 20 pin ZIP. 

HYS14100AL design is optimized for cache 
based mainframe, and microcomputers, 
graphics, digital signal processing, and high 
performance microprocessor system. 

BLOCK DIAGRAM 

INE~-----4-
CAs >---------4~ DATA IN 

BUFFER 

Aoo-
A1 o-
A2 O-
A3 o-
A4 o-
A5 0-
Aa o-
A7 0-
Aa 0-
Ago--

A100--

xa 
PARALLEL 
TEST 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATING 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 
GENERATOR 

--o Voo 

--0 Vss 

PRELIMINARY 

M 1H1200A-MAR92 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns : 85mA(max.) 
-TIL Standby Current : 2mA(max.) 
- CMOS Standby Current : 200µA(max.) 
- Battery Back Up Current : 300µA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Fast Page mode and Test mode Capability 
• Single SV± 10% power supply 
• 1024 refresh cycles/128rns 
• High reliability 300 mil 20/26 pin SOJ, TSOP 

and 400mil 20pin ZIP. 
·• Fast access time and cycle time(ns) 

HY514100AL60 HY514100AL-70 HY514lOOAl.r80 

Max RAS Access 
60 70 80 

Time, tRAc 

Max CAS Access 
20 20 2S 

Time, tcAc 

Min Fast Page Mode 
40 4S SS 

Cycle Time, tpc 

Min Cycle Time, tRc 120 130 ISO 

PIN CONNECTIONS 

D1N 0 26 Vss D1N 0 26 Vss 
WE 25 Dour WE 25 Dour 

RAS 3 24 GAS RAS 24 GAS 
NC 4 23 NC NC 4 23 NC 

A10 5 22 Ag A10 5 22 Ag 

Ao 9 1S As Ao 1S As 
A, 10 17 A1 A1 10 17 A1 
A2 11 16 A5 A2 11 16 A5 
A3 12 15 A5 A3 12 15 As 

Voo 13 14 A4 Voo 13 14 A4 

SOJ TSOP 

PIN NAMES 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

-
WE WRITE ENABLE 

Ao-A10 ADDRESS INPUT 

D1N DATA INPUT 

Dour DATA OUTPUT 

Voo POWER(+5V) 

Vss GROUND ZIP 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
I'·· 

_j_ ·'sYMlioi~··. . >: I' ~ . ••· .1' PARAM:f:'J!E~ . ( .·•. 

...:.. .l .·.. .· . . . . ·• _::_ 

TA Ambient Temperature 

TsTG Storage Temperature 

VrN, VoUT Voltage on Any Pin Relative to Vss 

Von Voltage oil V DD Relative to V ss 

los Short Circuit Output Current 

TsoLDER Soldering T~mperature Time 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMEl':ER 
... · 

MIN. 
. 

Von Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

VrL Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

. .. 

T\'J>.· .·· 

s.o 
-

-

(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMEIBR TEST CONDIDONS I SPEED 
-"-

I Iu I Input Leakage Current(any input pin) 
OV ~V1N~6.SV, All other 

pin not under test=Vss 

lhol 
Output Leakage Current for DouT is disable, 

High Impedance State OV <V ouT<S.SV 

--- -60 

1001 Von Supply Current, Operating 
RAS, CAS, Address 

-70 
cycling, tRc=tRc(min.) 

-80 

1002 Von Supply Current, TTL Standby RAS=CAS=Vrtt 

- -- -60 

1003 
Von Supply Current, RAS cycling, CAS=Vrn, 

-70 
RAS-only Refresh tRc = tRc(min.) 

-80 

RAS=Vn,, Address 
-60 

1004 
Yoo Supply Current, 

-70 
Fast page mode cycling, tpc=tpc(min.) 

-80 

V oo Supply Current, -- --
Inns RAS=CAS=Voo-0.2V 

CMOS Standby 
-60 

RAS, CAS cycling 
1006 

Yoo Supply Current, 
-70 

CAS-Before-RAS Refresh tRc=tRcCmin.) 
-80 

CAS=CBR cycling or 02V, 

WE=Voo-0.2V, 

Add=Voo-0.2V or 0.2V 

V oo Supply Current, J/O=Voo-02V or0.2Voropen, 

Iom Battery Back up tRc= 12Sµs, tRAs=tRAs(min.) 
-300ns 

Same as above 

except tRAS = 300ns- I µs 

VoL Output Low Voltage loL=4.2mA 

Yott Output High Voltage lott=-SmA 

3-206 

RATING 
.. 

+···· •.UNIT:· 
0 to 70 "c 

-SS to ISO "c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

260, IO "c, sec 

73S mW 

I MAX. tiNrr 
s.s v 

Von+ I v 
0.8 v 

HY514100AL 
UNIT NOIB 

MIN. MAX. 

- IO µA 

- 10 µA 

- lOS 
- 9S mA 1, 2, s 
- 8S 
- 2 mA 
- lOS 
- 95 mA I, 4 
- 85 
- 6S 
- S5 mA 1, 2, s 
- 4S 

- 200 µA 

- IOS 

9S mA I, 4 
- 8S 

- 300 µA 1 

- 400 µA I, S 

- 0.4 v 
2.4 - v 



HY514100AL 4,194,304X 1-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, 5, 6 

,~ -::::- ~ 7 I · .. · · ..• · .... ··•· HY514J(}OAL . ,. ... 

# SYMBOL PAR~tll:R• 60. ; .70 
; 

80 UNil Nott I 
...:.:.:._ 

MIN. MAX. MIN. lVIAX. MIN: ·1V1AX •. 
]"· <· . 

I . .. 

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 ~ime 65 - 70 - 85 - ns 

5 tRAc Access Time from RAS - 60 - 70 - 80 ns 8, 13 

6 tcAC Access Time from CAS - 20 - 20 - 25 ns 8, 13 

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 tcLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

10 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 9 

11 iT 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 lOK 70 lOK 80 lOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

15 tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 tcsH CAS Hold Time 60 - 70 - 80 - ns 

17 tcAS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

18 tRCD RAS to CAS Delay Time 20 40 20 50 20 55 ns 13 

19 tRAD 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 tRAH 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 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 10 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 10 

31 twcH 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 tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

35 tcWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

36 tos Data Set-up Time 0 - 0 - 0 - ns 11 

37 toH Data Hold Time 15 - 15 - 15 - ns 11 

38 to HR Data Hold Time referenced to RAS 50 - 55 - 60 - ns 

39 tREF Refresh Period - 128 - 128 - 128 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - ns 12 

41 tcwo CAS to WE Delay Time 20 - 20 - 25 - ns 12 

42 tRWD RAS to WE Delay Time 60 - 70 - 80 - ns 12 

43 tAwo Column Address to WE Delay Time 30 - 35 - 40 - ns 12 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

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

4S fcHR CAS Hold Time(CAS Before RAS Cycle) IS 20 30 ns 

46 tRPC RAS to CAS Precharge Time 0 0 0 ns 

47 fcPT CAS Precharge Time(CBR Countt'.r test cycle) 30 3S 40 ns 

48 tWTS Write Command Set-up Time(Test Mode In) IO 10 10 ns 

49 twm Write Command Hold Time(Test Mode In) 10 IO IO ns 

50 tWRP WE to RAS Precharge Time( CBR Cycle) IO 10 10 ns 

SI tWRH WE to RAS Hold Time ( CBR Cycle ) IO 10 10 ns 

AC CHARACTERISTICS IN TEST MODE NOTE 11 

. 
~ ... v . • tixs1~1d~l.tu ;;.; 

···<_:±···· .. 
f'~'f·. '. .... tf 

,1;2 . •· 
# SYMROL PARAMETER'· \\ 

60 .. ;7Q .. 
:. . .,.,.\ so· . . 8o~t!'" 

. T;. 
..:.:. MIN. MAX, MJN •..• :~. l\llN. ·mx:. ·l::;: •.. 

S2 tRC Random Read or Write Cycle Time I25 - I3S - ISS - ns 

S3 tRWC Read-Modify-Write Cycle Time I50 - I60 - I8S - ns 

S4 tpc Fast Page Mode Cycle Time 45 - so - 60 - ns 

55 tpRwc Fast Page Mode RMW Cycle Time 70 - 75 - 90 - ns 

S6 tRAc Access Time from RAS - 65 - 75 - 8S ns 8, 13 

57 tcAC Access Time form CAS - 25 - 2S - 30 ns 8, 13 

58 tAA Access Time form Column Address - 35 - 40 - 4S ns 8, 13 

S9 tcPA Access Time from CAS Precharge - 40 - 4S - SS ns 8 

60 tRAs RAS Pulse Width 6S IOK 7S lOK 8S IOK ns 

6I tRASP RAS Pulse Width(Fast Page Mode) / 65 20QK 75 200K 8S 200K ns 

62 tRSH RAS Hold Time 25 - 25 - 30 - ns 

63 tcSH CAS Hold Time 6S - 7S - 85 - ns 

64 tcAS CAS Pulse Width 2S lOK 2S lOK 30 IOK ns 

6S tRAL Column Address to RAS Lead Time 3S - 40 - 4S - ns 

66 tcwo CAS to WE Delay Time 2S - 2S - 30 - ns I2 

67 tRWD RAS to WE Delay Time 65 - 75 - 85 - ns I2 

68 tAWD Column Address to WE Dealy Time 35 - 40 - 4S - ns I2 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

NOTES: 

I. looi. 1003. 1004. 1006• Ioo7 depend on cycle rate. 
2. loot. 1004 depend on output loading. Specified values are obtained with the output open. 
3. An initial pause of 200µs 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=V1L and OO=Vitt· 
5. Only tRAs(max.) =I µs is applied to refresh of batlery-back up but IRAS( max.)= IOµs is applied to normal functional operating. 
6. AC measurements assume tT=5ns. 
7. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vitt and VIL· 
8. Measured with a load equivalent to 2 TTL loads and IOOpF. 
9. topp(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 \VE leading edge in read-modify-write cycles. 
12. twcs. tRWD• tcwo and lAwo are not restrictive operating parameters. They are included in the data ~beet as electrical characteristic only. Iftwcs2twcs(min.) 

the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: IftRwo2tRwo(min.). tcwo2:tcwo(min.) 
and tA wo2:tA wo(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 tRcoCmax.) limit insures that tRAc(max.) can be met 1Rco(max.) is specified as a reference point only : If IRCO is greater than the specified 
tRco(max.) limit, then access time is controlled by tcAC· 

14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met lRAo(max.) is specified as a reference point only : If !RAD is greater than the specified 
tRAo(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, Voo=SV ± 10%, f= lMHz) 

SYMBOL i' PARAMETER MIN. MAX. I UNIT 

C1NI Input Capacitancer(Ao-A10, D1N) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE) - 7 pF 

CouT Output Capacitance(DoUT) - 7 pF 

3-209 

Ill 



HY514100AL 4,194,304X l~Bit CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE l•--------------IRc111--------,..--------.,.-1 

-IRP1121~ 

Dour VoH 

Vol 

EARLY WRITE 

V1H 
RAS 

Vil 

CAS 
V1H 

Vil 

Ao-A10 

D1N V1H 

Vil 

Dour VoH 
Vol 

3-210 

.._---------IRASi13J----------. 

COLUMN 
ADDRESS 

I 
IRCSi281 -

-lcACi61-... 

.-lcRPi20i ... 

--------HIGH-z---------111 VALID DATA OUT 

CYCLE 
14--------------IRC(1J----------------1 

-IRP1121-

~ 1---------IRASi13J----------• 

1------IRCD1181----- -IRSH(15).___ 

ICRP(20) 

...--. ~ 

'4---------1AR(261t-----+------

IDH(37) 

VALID DATA IN 

...-------IDHRi38•--------I 

-------------------------HIGH-Z----------------------



HY514100AL 4,194,304X 1-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

Dour 
VoH 

Vol 

IASR(22) 

----------------1RWC(2)-----------------<-

,.__ ___ IRCD(18)------

4-----IRSH(15)----• I 

•-IRWL(341-

• ..__ICAS(17)+-----l I 

1---------+---+-ICSH(16)---t-----• 

1------IAAi26)-t----+----I~ .__ lcWL(35) _.. 

--IRAD(19)-l 4---tf----+--IRAL(27)+--+---------t-

._ICAH(25)~ 

COLUMN 
ADDRESS 

4-------+-IRWD(42)---+----t-

I ~"f ~'""'"'-.L., I 
//J! ////I //J//////J/i)//!!Jill !/;~ VAfJD DATA IN )(//J//l! ///l///J//! !//Z 

I 
lcAC(6} 

-~ IOFF(10) 

-IAA(7l ... 

4-------IRAC(5)----tl-----

--------HIGH-z-----...... -<11 VAfJD DATA OUT 

ICLZ(91 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

V1H 
RAS IRASP(14) 

Vil 

ICSH(16) -IPC(3)~ 

V1H 
CAS 

Vil 

IRACi51 

Dour 
VoH-

Vol-

ICLZi91 l~T' lcLZi91 

~ - -. 

FAST PAGE MODE EARLY WRITE CYCLE 

1-----tcsH11sJ -----~1 

Ao-A10 V1H 

Vil 

--IRADi19J-

V1H 
WE 

Vil 

Dour 
VoH 

Vol --

------IDHR(3BJ-----1~1 

ICACi61 --



HY514100AL 4,194,304X 1-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE 

RAS 
V1H 

Vil 

CPS 
V1H 
Vil 

AQ-A10 
V1H 

Vil 

V1H • WE 
Vil 

D1N V1H 

Vil 

Dour VoH -- -----------~-------------a 
Vol --

RAS-ONLY REFRESH CYCLE 

14"----,-------------\RCi1)----------------I 

-lRPi12)-

RPS 
V1H 

1---------lRASi13)----------._ 

Vil 

lcRPi20) 

CPS 
V1H 

V1l 

Dour 
VoH--

~------------------------------------HIGH-z------------------------------------------Vol 

NOTE: WE and Aio="H'' or "L" 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

DouT 

V1H --

!cP(21J lcSR(44) --

~----------- lRc111------------i~I 

l-------IRAS(13J-------

-ICHR(45)-

V1l -- ------" 

lwAPi50) twAHi51) 

~:: = Vlllff;m)- --bT!IZl_lllflTlll!T!ZVZlllllLT_)//j 

------i.'~~' c._. ---VoH -- _ HIGH-Z--------------
Vm --

NOTF.: Ao-Arn= "H" or "L" 

HIDDEN REFRESH CYCLE (READ) 

l4--------1ACl11--------

RAS 
V1H --

V1L --
4----lRAS(13)----• 4-----1RAS(13J----

lcRP(20) IRSH(15) 
_... -IRCD(\8)- ...__ 

CAS 
V1H --

Vil--

l\i-A10 
V1H--

V1l--

WE 
V1H--

Vil--
lcAC(6J ..__ 

DouT 
VoH--

VALID DATA OUT Vol--
lcLZ(9) - -
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

.__tCHR(45)-

Ell 

WE 
V1H --

V1L --

V1H 
D1N VALID DATA IN 

V1L 

IDHR(38J 

DouT 
VoH--

Vol--
HIGH-Z 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

+------------IRASi13)-----------• 

V1H 
RAS 

V1L 

V1H 
CAS 

V1L 

V1H 
AQ·A10 

V1L 

READ CYCLE 

Dour 
VoH - ______ ...,.....,_ HIGH-z---------......... -u 

Vol 
VAL.JD DATA OlJf 

IRCHi29i 

WRITE CYCLE 

Dour VoH ----------+--+-----------+---+--+----HIGH-z---..... -+-..... --------
VoL --

l--t---1-1--IRWLl34)------+-+-.-I 

+-+----+--+---ICWLi35)-----• I 
lwCSi40) 

~1._tos(36)-. -loH(37)-i~ 11 I 
~: _ .....,.'/l_n-72.,....,...11.,....,..vJ,,...,..V,,...,..V,,..,...,V,,...,....,72-~ VALID DATA IN ~-7~-7 ~~!/,._....'! ;j--'j ;-72..,....,.12..,......'il-7/ 

I I I I I . I I I 

READ-MODIFY-WRITE CYCLE 

Dour 

WE 

3-216 

-lcACi6i-

VoH - -------+-+-HIGH-z------.._-..... -+-u VALID DATA OUT 
VoL--

lcwL1351 I I - ... 
-IRWL(34)-... 

1 •--+--+-IAA171-

4----+-+-IAWD1431-

IWP133) 
-1cwo1•11-... _.,.. 

~: = ,.,..,.77.,..,.1/.,....,...72.,..,.77.,..,.72.,....,...72.,..,.72.,....,..7 ~.,....,..v.,....,..72.,....,..!l,....,...72.,....,..m7""'T"'"z~m ~ N W!JTm 1 Id///; 
- 1~11::1-



HY514100AL 4,194,304X 1-Bit CMOS DRAM 

TEST MODE IN CYCLE 

•------------lRCi52)------------I 

-lRP(12)-

RAS 
V1H 

V1L 

lCP(21i -V1H 
CAS 

V1L 

WE 
V1H 

V1L 

DouT 
VoH 

Vol 

lwTSi48) = &\\ '\\\\i-+ -lWTH(49)-¥/L//l////////////////////Z 

/=!----:?' HIGH-z--------------- • 
NOTE: D1N and Ao-A10: "H'' or "L" 

BLOCK DIAGRAM IN TEST MODE 

Voo 

-<;> -g 

I l ~ 
-<;? 
-<2 

A·oR,Aoc,Ae< l LA -0 _("}- 512K block 
JA L 

AioR, A1oc, "'A;_ Q 

~ l8 --..____ -0- ,Q- 512K block ls :::i 
L 

Normal 

~ 
Test 

AioR,A1oc,Aoc j 1c 
~ - -0 ,Q- 512K block le 

~ 
Norm 

A,o,~·~ 
512K block 

lo 
~ 0.-. L 

~ 
al 

._Aw,~Aoc r 1E 

~ 
512K block 
~ 

•A'°'·~ l_ F 
512K block F, 

A,oR, A,oc, Aoc J [G 6. 
--().---Q--] 512K block ~ L 

cJ Aw,. A,oc, Aoc 

~ 
l_ H 

~:-Q 512K block _Rf 

Test 

~ 
Normal 

Fig. 1 
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HY514100AL 4,194,304X 1-Bit CMOS DRAM 

TEST MODE 

The HY514100AL is a DRAM organized 
4, 194,304 words by I 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. A10R., Arne 
and Aoc are not used. If, upon reading, all bits 
are equal( all ls or Os), 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, 4MX I 
DRAM can be tested as if it were a 512KX 8 
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 

~~~~~~~~--t I 
0 ~ '§~ 

~ ~ ~ ~ - ----- --+------- - iii~ 
j d d d d 

~~~..,.i~~~ l l 

0.0200(0.5080) 
- 0_0160(0.4064) 

0_0320(08128) 
~ - 0_0260( 0.6604) ~ '§ -'--__ ....., ...... ________ HI-__ _ 

": iil 
"'M 

~i 
d d 
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=-r 
H 
dd u 
od 

f(,(Ul.l'flll-__,.-~-;;;;1-n __ .L 
-:r 
§~ u 

UNIT: INCH(mm) MAX 
MIN 



HY514100AL 4,194,304X 1-Bit CMOS DRAM 

• 20/26 PIN TIIlN SMALL OUTLINE PACKAGE-300 MIL 

I 
---------------i---------------

i 

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

- ~----------------j_ _____________ t 
~ I 't' _L 

p,: 

I 
j I 

v v t t 
0.050(1.2700)-j j-

1-------1.036(26.3144) _______ 1 
1.024(26.0096) 

20 

UNIT : INCH(mm) ~~ 

~§ 
dd 

!~ 
I dd 

di~' ~~I ~3•\\,-:u 

-
1 
~~ 
Ol<Xl n 
dd 

11 Tf -· - 0.023(0.584) 0-5' 
0.017(0.432) 

r, 
I 
I 
' . .., 

I 

_0.120 (3.0480) 
(2.8448) 0.112 

t 
~ :::; 

r~ i 
~ ~ 

w~ 

1 
I ~~ 
~ ~~ 

0 i ~ --
d 
I d n 

~·..._ 

. j 
~i 1-l!l-o.Ji2(0.3048) 
g d _ I 0.009(0.2286) 

- -o.100(2.5400) BSC 
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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 SV ± 10% tolerance, 
direct interfacing capability with high per
formance logic families such as Schottky TIL 

BLOCK DIAGRAM 

AQO-
A1 0-

A~ o-
A3 O-
A4 O-
A5 0-
As o
A7 <>
As<>
Ag~ 

XS 
PARALLEL 
TEST 

10 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATE 

m ........... u: 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 
GENERATOR 

--o Voo 
--0 Vss 

M1A1202A-JAN92 

FEATURES 

• Low power dissipation 
- Operating Current, lOOns: 75mA(max.) 
- TfL Standby Current : 2mA(max.) 
- CMOS Standby Current : lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Common 1/0 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) 

HY514400-70 HY514400-80 HY514400-10 

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 

l!Oo 10 26 Vss 
25 1/03 

24 1/02 

23 C6S 
22 6E 

18 As 
A1 17 A1 

16 As 
A3 15 A5 

Voo 14 A4 

SOJ 

PIN NAMES 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-Ag ADDRESS INPUT 

l/Oo·l/03 DATA INPUT/OUTPUT 

VDD POWER ( + 5V) 

Vss GROUND 
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HY514400 1,048,576X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

TsTG Storage Temperature 

Voltage on Any Pin Relative to Vss 

Voo Voltage on Voo Relative to Vss 

Ios Short Circuit Output Current 

Power Dissi;.tion 

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

RECOMMENDED OPERATING CONDIDONS . 
(TA=0°C to 70°C) 

~.·· ·.· P~~EJ'ER MIN. 

Voo Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

.... 

~. d 
5.0 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) 

SYMBOL PAAAMETER TEST CONOmONS 

I Iu I Input Leakage Current(any inpbt pin) 
OVS:..V1N :<::_6.5V, All other 

pin not under test= V ss 

I Iw I 
Output Leakage Current for DoUT is disable, 

High Impedance State ov-s. VouT ~s.sv 

RAS, CAS, Address 
1001 Voo Supply Current, Operating 

cycling, tRc=tRc(min.) 

Ioo2 Voo Supply Current, TIL Standby RAS=CAS=Vrn 

.RAS cycling, CAS=Vrn, 
Iom 

Voo Supply Currerlt, 

RAS-.only Refresh tRc;:'::tRcCmin.) 

RAS= Vn ... Address 
1004 

V oo Supply Current, 

Fast page mode cycling, tpc=tpc(min.) 

Ions 
Voo Supply Current, 

CMOS Standby 
RAS=CAS=Voo-0.2V 

RAS, CAS cycling 
1006 

V oo Supply Current, 

CAS-Before-RAS Refresh tRC=tRc(min.) 

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=-SmA 

NOTES: 
I. 1001 and 1004 depend on output loading, specified values are obtained with .the output open. 
2. looi. IDD3• 1004 and loD6 depend on cycle rate. 
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SPEED 

-70 

-80 

-10 

-70 

-80 

-10 

-70 

-80 

-10 

-70 

-80 

-10 

0 to 70 

-55 to 150 "c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

0.6 w 

L'i~x._,_ ·.~ ~· \.,~fl:; 
5.5 v 

Voo+l v 
0.8 v 

HV51:4400 
UNIT. NOTE 

MIN. MAX. 

- 10 µA 

- 10 µA 

- 95 

- 85 mA 1, 2 

- 75 

- 2 mA 

- 95 

- 85 mA 2 

- 75· 

- so 
- 70 mA 1, 2 

- 60 

- 1 mA 

- ;95 

- 85 mA 2 

- 75 

- 0.4 v 
2.4 - v 



HY514400 1,048,576X 4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C. Voo=SV± 10%, Vss=OV, unless othetwise noted.) NOTES: 1, 2, 3 

~,i···· '1.L. ; ··. j~_ ., e:Y!St44oo .f:· ~ .. 
~·]·2'11 

~ · ..• ·.·. 
....; ••.• l . ,; .• ,; . ..c::_ 

: 
. :•;;A I .bz ;:'fit' c• 11r·.:. 'so''' .z · !•· •< •.• 10 ' .i0'VNfl' • NC>1J;S 

; . ...'.::. 

if' -""-. __;_ ·~···~·- MiN~··· l~ ··~~· ;~ I:· 
ill . ... 

1 tac Random Read or Write Cycle Time 130 - lSO - 180 - ns 

2 tRWC Read-Modify-Write Cycle Time 18S - 210 - 24S - ns 

3 tPC Fast Page Mode Cycle Time so - so - 60 - ns 

4 tpawc Fast Page Mode RMW Cycle Time lOS - llS - 12S - ns 

s tRAc Access Time from RAS - 70 - 80 - 100 ns 4,9 

6 tcAC Access Time From CAS - 20 - 2S - 2S ns 4, 9 

7 tAA Access Time from Column Address - 3S - 40 - 4S ns 4, 9 

8 tcPA Access Time from CAS Precharge - 4S - 4S - SS ns 4 

9 tcu CAS to Output in Low-Z 0 - 0 - 0 - ns 4 

10 f.oFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns s 
11 h Transition Time(Rise and Fall) 3 so 3 so 3 so ns 3 

12 tRP RAS Precharge Time so - 60 - 70 - ns 

13 tRAS RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 70 200K 80 200K 100 200K ns 

lS tasH RAS Hold Time 20 - 2S - 2S - ns 

16 tcsH CAS Hold Time 70 - 80 - 100 - ns 

17 tcAS CAS Pulse Width 20 lOK 2S lOK 2S tOK ns 

18 tRCD RAS to CAS Delay Time 20 so 20 SS 2S 7S ns 9 

19 tRAD RAS to Column Address Delay Time lS 3S lS 40 20 SS ns 10 

20 tcRP CAS to RAS Precharge Time s - s - 10 - 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 - lS - ns 

24 tASc Column Address Set-up Time 0 - 0 - 0 - ns 

2S tcAH Column Address Hold Time IS - IS - 20 - ns 

26 tAR Column Address Hold Time referenced to RAS SS - 60 - 80 - ns 

27 tRAL Column Address to RAS Lead Time 3S - 40 - 4S - ns 

28 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

29 tacH Read Command Hold Time 0 - 0 - 0 - ns 6 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 6 

31 twcH Write Command Hold Time IS - lS - 20 - ns 

32 twca Write Command Hold Time referenced toRAS SS - 60 - 80 - ns 

33 tWP Write Command Pulse Width IS - IS - 20 - ns 

34 tRWL Write Command to RAS Lead Time 20 - 2S - 2S - ns 

35 tcWL Write Command to CAS Lead Time 20 - 2S - 2S - ns 

. 36 tos Data Set-up Time 0 - 0 - 0 - ns 7 

37 toH Data Hold Time lS - lS - 20 - ns 7 

38 to HR Data Hold Time referenced to RAS SS - 60 - 80 - ns 

39 tREF Refresh Period - 16 - 16 - 16 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - ns 8 

41 tcwo CAS to WE Delay Time so - SS - 60 - ns 8 

42 tRWD RAS to WE Delay Time 100 - 110 - 135 - ns 8 

43 tAWD Column Address to WE Delay Time 6S - 70 - 80 - ns 8 

3-223 



HY514400 1,048,576X 4-Bit_ CMos· DRAM 

H\'514400 :· y }
1-?i--1

)] ;;:~ •• -

K.0~ 1:iI~: ; .. ···.::; 

# SYMBOL .·PA~TER I ~3o:i,;····.; 17"7 .;ilJ; ?~ :10· \)J:'ll~Jh l'!!\.(.ff,;:S 

.·. MIN; MAX· MIN~ MAX •.. Mf:N; -~ I± 
•.. ,.:.1 

:__~ -· 
44 tcsR CAS Set-up Time(CAS Before RAS Cycle) IO - IO - IO - ns 

45 tcHR CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns 

~ tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

47 tcPT CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - 50 - ns 

48 tROH RAS Hold Time referenced to OE IO - 10 - 20 - ns 

49 to EA OE Access Time - 20 - 20 - 25 ns 

50 to ED OE to Data Delay 20 - 20 - 25 - ns 

51 toEz Output Buffer Tum-off Delay Time from OE 0 20 0 20 0 20 ns 

52 to EH OE Command Hold Time 20 - 20 - 25 - ns 

53 tWTs Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns 

54 tWTH Write Command Hold Time(Test Mode In) IO - 10 - IO - ns 

55 twRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - IO - ns 

56 tWRH WE to RAS Hold Time(CBR Cycle) IO - 10 - 10 - ns 

57 tcPWD CAS Precharge to WE Delay 70 - 75 - 85 - ns 

58 tRHCP RAS Hold Time from CAS Precharge 40 - 45 - 50 - ns 

AC CHARACTERISTICS IN THE TEST MODE NOTE: 11 

HYM514400 .• < .:..... 
': 

# SYMOOL PARAMETER 70 80 -~ 10 
_.· .. UNIT NOTES .. 

MIN. MAX. ..MIN. MAX; ~· -~· 
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 - 85 - 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 IOK 85 lOK 105 lOK ns 

68 tRASP RAS Pulse Width(Fast Page Mode) 75 200K 85 200K 105 200K ns 

69 tRSH RAS Hold Time 25 - 30 - 30 - ns 

70 tcSH CAS Hold Time 75 - 85 - 105 - ns 

71 icAS CAS Pulse Width 25 lOK 30 lOK 30 lOK ns 

72 tRAL Column Address to RAS Lead Time 35 - 45 - 50 - ns 

73 tcwn CAS to WE Delay Time 55 - 60 - 65 - ns 8 

74 tRWD RAS to WE Delay Time 105 - 115 - 140 - ns 8 

75 tAWD Column Address to WE Delay Time 70 - 75 - 85 - ns 8 

76 to EA OE Acce.ss Time - 25 - 25 - 30 ns 

77 to ED OE to Data Delay 25 - 25 - 30 - ns 

78 to EH OE Command Hold Time 25 - 25 - 30 - ns 
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HY514400 1,048,576X4-Bit CMOS DRAM 

NOTES: 
1. An initial pause of 200µs 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 ffi before RAS initialization cycles instead of 8 RA'S cycles are required. 
2. AC measurements assume tT=Sns. 
3. VtHCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between VIH and VIL· 
4. Measured with a load equiva•ent to 2 TIL loads and lOOpF. 
5. toFF(max.) and toEZ defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied 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. twcs. tRwo. tcwo and tAWD 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: IftRwo :'.'._ tRwo(min.), tcwo '.'.:tcwoCmin.) 
and tA wo > tA woCmin.) 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 tRcoCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
10. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAO(max.) is specified as a reference point only : lftRAD is greater than the specified 

tRAO(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, Voo=SV± 10%, f=lMHz) 

MAX. 1J1'SlT 
Input Capacitance(Ao-A9 , Data In) 5 pF 

Input Capacitance(RAS, CAS, WE, OE) 7 pF 

Co UT Output Capacitance(Data Out) 7 pF 
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HY514400 1,048,576X4-Bit CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

RAS V1H--

V1L--

CAS 
V1H--

V1L--

V1H--
Ao-A9 

V1L--

WE 
V1H--

V1L--

OE 
V1H--

V1L--

1/0 
VoH--

VoL--

WRITE CYCLE 

V1H--
RAS 

V1L--

CAS 
V1H--

V1L--

Ao-~ 
V1H--

V1L--

WE 
V1H--

14-----------1RC(1)-------------· 

1•-------IRAS(13)-------- .__.IRP(12)__. 

lcRP(20) --

VALID DATA OUT 

•------------1RC(1)-------------•I 

I +------lcSH(16)-o------~1 

.__ lcRP(20)-

~H = ljj/!i Ii ll!i/i/i/l/ii!! Ill! J!/!!!(///! /lj//i/! //lliJ!!JiJ///ll/(li //l/jjj//lj 12 
IL I I t;;: 

.----IDHR(38) 
IOS(36) IOH(37) .. ~ 

1/0 VALID DATA IN 1>-----------HIGH-z----------
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HY514400 1,048,576X 4-Bit CMOS DRAM 

WRITE CYCLE( OE CONTROLLED WRITE) 

RAS V1H--

Vil--

CAS V1H--

V1L--

/\;-Ag V1H--

Vil--

WE 
V1H--

V1L--

OE 
V1H--

V1L--

1/0 V1H--

V1L--

lcRP(20) 
--------tcsH1161--4-------1~1 

_.,. -tRcD11s1--... ---t----lRSHi15)--+----t•I _tcRPi20)-

IRAD(19) -
,----.!II~-------------

~... -tDH(37)~i_,, 
~~

01 

los13s1 

__ )>--~@/$ VALID DATA IN fl/II!//! !l//l/! /l!!J/i/il //!J llJ!lh 

READ-MODIFY-WRITE CYCLE 

RAS 
V1H--

Vil--

CAS 
V1H--

V1L--

AQ-Ag 
V1H--

V1L--

WE 
V1H--

V1L--

OE 
V1H--

V1L--

1/0 
V110H--

V110L--

IRWC(2) 

IRAS(13) 

lcSH(16i 

IRSH(15) 

ICAS(17) 

IRA0(19) 
... _ 
r----+-----+---1RWD(42)---------I 

-IAA(7)-

I toEAi49i 
~~~~~~~~~~~~~--~, ...-... 

-----IRAC(5)-+----~I 

IOED(50) - ... 

.Jft•i---~ 

lcLZ(9) -
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11¥514400 1,048,576X4-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE. 

V1H-

V1L--

VtH-

VtL --

V1H-

VtL --

V1H-

V1L--

OE V1H--

V1L --

1/0 VoH -

Vol --

----Ill : .. ----------------IRASP11•1----------,------.. I 

... ---lAAi26i--? 

FAST PAGE MODE WRITE CYCLE 

l4---------------lRASPi141---------------l~I 

RAS VtH--
... --lARi261~ 

V1L--

---..i 

CAS 
VtH --

VtL --

Ao-Ag VtH 

VtL 

WE 
VtH--

Vtl--

OE VtH --

Vtl--

1/0 
VtH--

V1L--
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HY514400 1,048,576X4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V\H 

lRASP(14) 

V1L 

.... ---lcSH(16) ... 
....---lRSH(15)-

CAS 
V1H 

V1L 

A-0-Ag V1H 

V1L 

WE 
V\H 

V1L 

V\H 
OE 

V\L 

1/0 
V110H --

~~~~~~~~-i-~v 

V110L --

-
RAS-ONLY REFRESH CYCLE 

l~------------lRCi1)-------------•I 

V\H 
RAS 1"1·--------1RAS(13)--------•ll\ 

V1L 

CAS 
V1H 

V1L 

lASR(22) IRAH(23) 

++ ....... 
V\H 

A-0-As 
V1L 

NOTE : OE and WE ="H" or "L" 
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HY514400 1,048,576X 4-Bit CMOS DRAM 

CAS·BEFORE-RAS REFRESH CYCLE 

4--IRP1121-

"RAS V1H --

V1L -- IRPC(46J .. ... 

V1H--
CAS 

V1L --

WE 
V1H --

V1L --

lwRPi551 lwRHi56J 

I/II Ill/)////;-- -w1111J)J!J1 ////111J1 !/i///l/J////11 !/ ////)/J/iJJJZ 
VoH--

1/0 
VoL--

--~~, .• 
HIGH-z----------------

NOTE : OE and Ao·A~ : "H'' or "L" 

HIDDEN REFRESH CYCLE (READ) 

V1H --
RAS 

V1L --

V1H --
CAS 

V1L --

Ao-As 
V1H--

V1L--

V1H --
wt 

V1L--

OE 
V1H--

V1L --

1/0 
VoH--

VALID DATA OUT 
VoL-·-
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HY514400 1,048,576X4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

1/0 

1-.----IRAS('13) -----• 

V1H -- ·---""""- l..JI!---~ 

V1L --

V1H -

V1L --

V1H-

1"·4-----IRASi13)------t .. ll 

ICRPi20) 

V1L -- '---'-LLLi"""'-'--=-=--=r .,...,, 11i---~-..;ir '""'"""'"-".,i;~""""""'-"-"._...._""'"-"J.1..._"""""""-"~;...,_.,""'.i..i.._w '-------

V1H 

V1L 

V1H-

V1L -- ............... .....,...,...,....,....,...,....,.....,,....,...,....,,...,_.....,...,.....,...,.....,......,...., ..... ....,...,.....,....,,_. .... ...,.,..._..._. .......... ._. .... ..., .... ..., .... .., 

V1H -- -~"rl~,..,..,.,.,..,a~---------!l. ,_"P""_,..,..,..,'"'"' ..... _....__ ..... _.,..,.-..,..,.,..-...,._..,._....,..,..,--...... 
VAL!D DATA IN 

V1L-- -"""""""'""'"""'""""""Ji------------------oir'Wo,j""""'""""_.""'""""""""'"""""""'""""""'""'~,.,."""""""'""""""""'"""'"""'~'""""""'"'""""""'"'"' 
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HY514400 1,048,576X4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 

CA.S 

fl(,-Ag 

READ 

1/0 

V1H--· 

Vil--

V1H --

Vil--

V1H--

Vil--

CYCLE 

V1H-

V1l--..,...._-....,,, 

V1H--

tcsR(44) ·-

twRPC55) 

tRASC131 

tASC(24) _, 
COLUMN 
ADDRESS 

11 

twRH(561 

IOEA(491 -

I 11 

V1l------------------------------------~,_.-~----------..,._..._,._....,....,_.....,.-.... ...,......,_ 

11 ~~,., 
~::::::: -----------ttHIGH~----------+-----+-+,.___.._..-----ff.Joo~Je----------------------~L1•----------

WRITE CYCLE 
twRP(551 

::: =7!/IJ/ J/11111 //Ill !I/ II//// !l//l/ll/////! ///////////l!I ///Ill J// II// l!//J ////; 
11 1i~l l-1

oH(3?)-{ I I 
~1: =------tl'GH-Z-------~ ~~LID DATA IN ,~---------1-~-------------1/0 

READ-MODIFY-WRITE CYCLE 
~1 

WE 
V1H--

Vil--

OE 
V1H-

Vil-.-

1/0 
V110H-

V11ol-

3-232 
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-lcWD(41)-

tcAC(6) --1-·AA(?)~ 
----------------------------... toEA(49) -
--------------------------------..... lV 

.-tRWL(34)-.. 
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HY514400 1,048,576X4-Bit CMOS DRAM 

TEST MODE IN CYCLE 

V1H---~~~I 

V1L-

WE ~= = !l/////ll,0{=1 ~-<wrn<"•-¥z;;111$////J!/$$/J!/l///Jf.ll.lf.///§A 

1/0 VoH

VoL- ~,----------) HIGH-z---------

NOTE : OE and Ao-A9 : "H" or "L" 
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HY514400 l,048,576X 4-Bit CMOS DRAM 

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. Aoc is not used. If, 
upon reading, two bits on one 1/0 are equal(all 
ls or Os), the 1/0 pin indicates 1. If they were 
not equal, the 1/0 pin indicates 0. The 
following figure shows the block diagram of 
HY514400. In Test Mode, IMX4 DRAM 
can be tested as if it were a 512KX4 DRAM. 

F1G. 1 BLOCK DIAGRAM IN TEST MODE 

Aoc 
512K block 

512K block 

Normal 512K block 

G-o~ 
Test 

512K block 

Aoc 
Normal 512K block 

&~ 
Test 512K block 

Aoc 
512K block 

1/03 

512K block 
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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. 

l!Oo 

Aoc 

Voo 

Normal 

110, 

Normal 

Aoc 

Voo 

Normal 

1/02 

0-----0--:; 
Normal 

Aoc 
Aoc Voo 

1/03 

Normal 



HY514400 l,048,576X4-Bit CMOS DRAM 

PACKAGE INFOBMATION 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE-300 MIL 

0.0200(0.5080) 
- - 0.0160(0.4064) 

0.0320(0.8128) 
- 0.0260(0.6604) ~~ l 

~~_,_, __ .....,. ______ ~--'"'"'--~ 
MM 

J~ 
ci c:i t 

UNIT : INCH(mm) ~~:-

t 
H 
0 ci u 
0 ci 
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DESCRIPfION 

The HYS14400A 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 
HY514400A offers a fast page mode operation, 
wide operating margins, and inherently high 
CMOS reliability. 

All inputs and outputs are TIL compatible. 
Multiplexed address inputs permit the 
HYS14400A to be packaged in a standard 
20/26 pin SOJ, TSOP, and 20 pin ZIP. 

HY514400A design is optimized for cache 
based mainframe, and microcomputers, 
graphics digital signal processing, and high 
performance microprocessor systems. 

BLOCK DIAGRAM 

WE o-----r-"' CAs ,__ ____ _.--! f-----' 

AQ <>-+ 
A1 <>-+ 
A~<>-+ 
AJ <>-+ 
~ ()-+ 

A5 0-
Aa ()-+ 

A7 0-
Aa 0-
Ago-

0-

xa 
PARALLEL 
TEST 

10 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATE 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 
GENERATOR 

-ovoo 
-OVss 

PRELIMINARY 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns: 90mA(max.) 
-TIL Standby Current : 2mA(max.) 
- CMOS Standby Current: lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Common 1/0 Capability 
• Fast Page mode and Test 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) 

HY514400A-60 HY514400A·70 HY514400A·80 

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 
VOo 10 26 Vss VOo 0 26 Vss 
1101 25 1/03 1/01 25 1/03 
'WE 24 1/02 WE 2~ 1102 

23 ~ RAS 4 23 CA.S 
22 OE' Ag 5 22 OE' 

18 As Ao 18 Ap, 
10 17 A1 A1 10 17 A1 

16 As A2 11 16 A5 
A3 12 15 A5 A3 12 

Voo 13 14 A4 VDo 13 

15 A5 
14 A4 

SOJ 
GAS 

PIN NAMES 1/03 

6 l/Oo 
RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-A9 ADDRESS INPUT 

l/Oo·l/03 DATA INPUT/OUTPUT 

Voo POWER(+5V) 

Vss GROUND ZIP 
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HY514400A 1,048,576X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

TsTa Storage Temperature 

Voltage on Any Pin Relative to V ss 

VDD Voltage on V DD Relative to V ss 

los Short Circuit Output Current 

TsoLDER Soldering Temperature, Time 

Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

VDD Supply Voltage 4.5 

Input High Voltage 2.4 

Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

5.0 

(TA=0°C to 70°C, VDD=SV± 10%, Vss=OV, unless otheiwise noted.) 

'.i'.' - ----_ 'i - - -i 

-$\'M~L 

I Iu I 

I Iw I 

IDm 

ID02 

IDD3 

IDD4 

IDDS 

IDD6 

VoL 

VoH 

3-238 

Input Leakage Current(any input pin) 

Output Leakage Ctlorrent for 

High Impedance State 

V DD Supply Current, Operating 

V DD Supply Current, TTL Standby 

Von Supply Current, 

RAS-only Refresh 

Von Supply Current, 

Fast page mode 

, Von Supply Current, 

CMOS Standby 

V DD Supply Current, 

CAS-Before-RAS Refresh 

Output Low Voltage 

Output High Voltage 

OV ~VIN ~6.SV, All other 

pin not under test=Vss 

DoUT is disable, 

0V<VouT<5.5V 

RAS, CAS, Address 

cycling, tRc=tRc(min.) 

RAS=CAS=Vm 

RAS cycling, CAS=Vm, 

tRc = tRc(min.) 

RAS=V1u Address 

cycling, tpc=tPC(min.) 

RAS=CAS=Voo-0.2V 

-- --RAS, CAS cycling 

tRc= tRcCmin.) 

loL=4.2mA 

loH=-5mA 

-60 

-70 

-80 

-60 

-70 

-80 

-60 

-70 

-80 

-60 

-70 

-80 

0 to 70 "c 

-55 to 150 "c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

260, 10 °C, sec 

770 mW 

5.5 v 
Voo+l v 

0.8 v 

10 µA 

10 µA 

110 

100 mA 1, 2, 4 

90 

2 mA 

110 

100 mA 1, 4 

90 

70 

60 mA 1, 2, 4 

50 

mA 

110 

100 mA 1, 4 

90 

0.4 v 
2.4 v 



HY514400A 1,048,576X4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Yss=OV, unless otheiwise noted.) NOTES: 3, 4, s 

[v:)~;ssStiJ:·,*~r:::r*~t* F~r:;·: .. '%. .r ·,,;L~r .~' 
[-J';'f "!'~~-::; :/ .· ·* ' ,.."' - ~~ 
h±fi~ ~t_ ~~ ~~~~ _£_ = 

1 tRc Random Read or Write Cycle Time 120 130 lSO ns 

2 tRwc Read-Modify-Write Cycle Time 17S 18S 210 ns 

3 tpc Fast Page Mode Cycle Time 40 4S SS ns 

4 tpRWC Fast Page Mode RMW Cycle Time 9S 100 llS ns 

Access Time from RAS 60 70 80 ns 7, 12 

6 tcAC Access Time From CAS 20 20 2S ns 7, 12 

Access Time from Column Address 30 3S 40 ns 7, 12 

8 tcPA Access Time from CAS Precharge 3S 40 so ns 7 

9 tcLZ CAS to Output in Low-Z 0 0 0 ns 7 

10 toFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 8 

Transition Time(Rise and Fall) 3 so 3 so 3 so ns 6 

RAS Precharge Time so so 60 ns 

13 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

15 tRSH RAS Hold Time 20 20 25 ns 

16 tcsH CAS Hold Time 60 70 80 ns 

17 tcAS CAS Pulse Width 20 lOK 20 lOK 2S lOK ns 

RAS to CAS Delay Time 20 40 20 50 20 55 ns 12 

19 tRAD RAS to Column Address Delay Time lS 30 15 35 15 40 ns 13 

20 tcRP CAS to RAS Precharge Time s s 5 ns 

21 tcP CAS Precharge Time 10 10 10 ns 

Row Address Set-up Time 0 0 0 ns 

23 tRAH Row Address Hold Time 10 10 10 ns 

Column Address Set-up Time 0 0 0 ns 

25 tcAH Column Address Hold Time 15 lS 15 ns 

26 tAR Column Address Hold Time referenced to RAS SO S5 60 ns 

27 tRAL Column Address to RAS Lead Time 30 3S 40 ns 

28 tRcs Read Command Set-up Time 0 0 0 ns 

29 tRcH Read Command Hold Time 0 0 0 ns 9 

30 tRRH Read Command Hold Time referenced to RAS 0 0 0 ns 9 

31 twcH Write Command Hold Time lS 15 15 ns 

32 twcR Write Command Hold Time referenced to RAS SO S5 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 tos Data Set-up Time 0 0 0 ns 10 

37 toH Data Hold Time 15 15 15 ns 10 

38 toHR Data Hold Time referenced to RAS so SS 60 ns 

39 tREF Refresh Period 16 16 16 ms 

40 twcs Write Command Set-up Time 0 0 0 ns 11 

41 tcwo CAS to WE Delay Time so 50 5S ns 11 

RAS to WE Delay Time 90 100 110 ns 11 

43 tAWD Column Address to WE Delay Time 60 65 70 ns 11 
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HY514400A 1,048,576X4-Bit CMOS DRAM 

"7 

HY514400A. d•T' ;; . ) 
><·f=,f:1' > 

. ·r .: 
. I• ~ 

# SYMBOL ·f~F;'fER ' 2 60 
:' ; ,:~o '_L :I 

:. :go .• ·UNIT .·:Nom:~ .. ;I 

l··MIN. MAX. IMIN. ~. .MIN~ MAX;. :.• 
~, '! 

..::.. ~ 

44 tcsR CAS Set-up Time(CAS Before RAS Cycle) IO - 10 - 10 - ns 

4S tcHR CAS Hold Time(CAS Before RAS Cycle) lS - 20 - 30 - ns 

46 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

47 tcPT CAS Precharge Time(CBRCounter Test Cycle) 30 - 3S - 40 - ns 

48 tROH RAS Hold Time referenced to OE 10 - 10 - 10 - ns 

49 to EA OE Access Time - 20 - 20 - 20 ns 

50 to ED OE to Data Delay 20 - 20 - 20 - ns 

Sl toEz Output Buffer Tum-off Delay Time from OE 0 20 0 20 0 20 ns 

52 to EH OE Command Hold Time 20 - 20 - 20 - ns 

S3 twrs Write Command Set-up Time(Test Mode In) IO - 10 - IO - ns 

S4 tWTH Write Command Hold Time(Test Mode In) 10 - 10 - IO - ns 

SS tWRP WE to RAS Precharge Time ( CBR Cycle ) 10 - 10 - IO - ns 

S6 tWRH WE to RAS Hold Time ( CBR Cycle ) IO - 10 - IO - ns 

AC CHARACTERISTICS IN THE TEST MODE Note: 14 

· :HYSl~A .--:- f 

:· . I 
# SYMBOL PARAMETER 60 70 80 tJNrr 2NOTE 

.. 
MIN. MAX. MIN. MAX. MIN. ~. ·.· 

S7 tRC Random Read or Write Cycle Time 125 - 135 - 1S5 - ns 

S8 tRWC Read-Modify-Write Cycle Time 180 - 190 - 21S - ns 

S9 tpc Fast Page Mode Cycle Time 4S - so - 60 - ns 

60 tPRWC Fast Page Mode RMW Cycle Time 100 - IOS - 120 - ns 

61 tRAC Access Time from RAS - 6S - 75 - 8S ns 7, 12 

62 tcAC Access Time from CAS - 25 - 2S - 30 ns 7, 12 

63 tAA Access Time from Column Address - 3S - 40 - 4S ns 7, 12 

64 tcPA Access Time from CAS Precharge - 40 - 45 - SS ns 7 

65 tRAs RAS Pulse Width 6S IOK 7S lOK 85 IOK ns 

66 tRASP RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 8S 200K ns 

67 tRSH RAS Hold Time 25 - 25 - 30 - ns 

68 tcSH CAS Hold Time 65 - 7S - 85 - ns 

69 tcAS CAS Pulse Width 2S IOK 25 lOK 30 IOK ns 

70 tRAL Column Address to RAS Lead Time 35 - 40 - 45 - ns 

71 tcWD CAS to WE Delay Time 55 - 55 - 60 - ns 11 

72 tRWD RAS to WE Delay Time 95 - IOS - llS - ns 11 

73 tAWD Column Address to WE Delay Time 65 - 70 - 75 - ns 11 

74 to EA OE Access Time - 25 - 25 - 25 ns 

75 torn OE to Data Delay 25 - 25 - 2S - ns 

76 to EH OE Command Hold Time 25 - 25 - 25 - ns 
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HY514400A 1,048,576X4-Bit CMOS DRAM 

NOTES: 

I. lcci. lcc3, lcc4, lcc6, lcc1 depend on cycle rate. 
2. lcc1> lcc4 depend on output loading. Specified values are obtained with the output open. 
3. An initial pause of 200µs is required after power-up followed by 8 AAS 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=V1L and CAS=Vitt· 
5. AC measurements assume tT=5ns. 

6. Vrn(min.) and V1LCmax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and V1L· 
7. Measured with a load equivalent to 2 TIL loads and lOOpF. 

8. toFF(max.) and toEZ 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. lRWD• tcwD and lAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. Iftwcs <::,twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : IftRWD L tRwnCmin.), tcWD L tcwnCmin.) 

and IA WD:;::.: IA wnCmin.) 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 tRcnCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : If tRCD is greater than the specified 
tRcoCmax.) limit, then access time is controlled by tcAC· 

13. Operation within the tRAo(max.) limit insures that tRAcCmax.) can be met. tRAoCmax.) is specified as a reference point only : If !RAD is greater than the specified 
lRA~(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, Voo=SV± 10%, f=lMHz) 

SYMBOL PARAMETER lYP. MAX. UNIT 

C1Nt Input Capacitance(Ao·A9 , Data In) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE, OE) - 7 pF 

CouT Output Capacitance(Data Out) - 7 pF 

3-241 

• 



HY514400A 1,048,576X 4 .. Bit CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

RAS V1H--

V1L--

CAS 
V1H--

V1L--

AQ-Ag 
V1H--· 

V1L-·-

WE 
V1H--

V1L--

OE 
V1H--

V1L--

1/0 
VoH--

Vm--

WRITE CYCLE 

V1H--
•--------1RAS(13i-----------------.i I 

RAS 
V1L--

lcRP(20) ___. 

""'•----1AR(26)-

4-------ICSH(16)-t------.. 1 

-----+--IRSH(15)--+--.. 1 ...__ ICRP(20)-

V1H--

,_ ______ .,.. ______________________ ___ 

CAS 
V1L--

fl.-0-Ag 
V1H--

V1L--

WE 
V1H--

V1L--

I 
twcR1321 I 

I .. --+---+---IRWL(34)1------~ 

OE ~H= lj !/i! !! // liJ////J// ll!i /I! //l/j///j llli!Jli ll!J!li/li)IJ////////!)/j)//(!l!(JZ 
IL I I~ 

4----IOHR(38) 

IDSi36i IOH(37) ... ~ 
1/0 1~--------------------HIGH-z-----------
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HY514400A 1,048,576X4-Bit CMOS DRAM 

WRITE CYCLE( OE CONTROLLED WRITE) 

RAS V1H--

Vil--

CAS V1H--

Vil--

Ao-As 
V1H--

Vil--

WE 
V1H--

Vil--

OE 
V1H--

Vil--

1/0 Y1H--

Vil--

14-----------lRCi1J---------------I 

•---------lRASi13J ________ , 
--~~~~~~-'!!ILi ~~~~~~~~...i 

!cRP(20J -
N·----IAR126J---_.I 

-------!cSHi16J-+------l~I 

---+---lRSHi15)--+----<•1 _tcRP(20)-
,..--~ ........... ~~~~~~~~~~~~~--

~... -lDHi37)-i../'? 

~~OJ lDSi36J 

__ ),,__-----4W///£ VALIDDATAIN fl!l//ll//J///J/$1!//J//!////l!lffi 

READ-MODIFY-WRITE CYCLE 

RAS V1H--

Vil--

CAS 
V1H--

Vil--

Ao-As 
V1H--

Vil--

WE 
V1H--

Vil--

OE 
V1H--

Vil--

1/0 
Y110H--

Y11ol--

----lARi26) 

!cRPi20) 
14-----------+-!cSHi16J-------------.I 

-lRCD(18J--....... l--+------lRSHi15J---------+--.1 

'l•----1------lcASi17J-------~ ... ll 

lRAD(19J .... _ 
1 +----t-----t--IRWD(42J---------I 

-IAA(7)-

I toEAi49J 
--~~~~~~~~~~~~--~, .....- .... 

-----lRAC(5)-+----~I 

IOED(50J - ... 

~ . ..1£---...... -:JL. 

!cLZ(9) 

,..~"""'!t~~~~--~~ 
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HY514400A 1,048,576X4-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

OE V1H--

V1L--

1/0 VoH -

VoL --

l----------------IRASP(14)-----------------11 
.--IARi261---? 

lcRP(20) ... 

!-·~<',-+----· 
ICLZ(91 

FAST PAGE MODE WRITE CYCLE 

1---------------1RASPi14J---------------l~I 

RAS 
V1H--

_____ , 

V1L--

CAS 
V1H --

V1L --

Ao-Ag V1H 

V1L 

WE 
V1H--

V1L--

OE V1H --

VtL--

1/0 
V1H--

V1L--
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HY514400A 1,048,576X4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V1H IAASP(14) 

V1L 

... ---lcSHi16) 

IPRWC'(•l -IASHi15)-

CAS 
V1H 

V1L 

AQ-Ag V1H 

V1L • 

1/0 

RAS-ONLY REFRESH CYCLE 

1--------------IRGl1)-------------•I 

-IAPi12)-

V1H 
RAS l1•1·--------1RAS(13)--------... 

V1L 

CAS 
V1H 

V1L 

V1H 
AQ-Ag 

V1L 

NOTE: OE and WE ="H'' or "L" 
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HY514400A 1,048,576X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

RAS 
V1H 

V1L 
IRPC(46) .. 

V1H --
CAS 

VtL --

1/0 
VoH-

Vm-- .---------------------------------HIGH-z--------------------------------

NOTE : OE and Ao·A9 : "H" or "L" 

HIDDEN REFRESH CYCLE (READ) 

RAS 

CAS 

~-Ag 

WE 

OE 

1/0 
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V1H --

V1L--

V1H--

V1L--

V1H--

V1L--

V1H--

V1L--

V1H--

V1L--

VoH-

VoL--
VALID DATA OUT 



HY514400A 1,048,576X4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE (WRITE) 

Ao-Ag 

WE 

1/0 

V1H-

V1L-

V1H-

V1L -

lcRP(20) 

IWC$(40) 

l
---l--+---+--twCR(32)

tRwL{34) -

~:: = !/llllllll /I/ (//J! l///J/I/ II! llJ///!!!! ///J/(//! !!J///!! !Ill/I I!!! ///!l!!//1!11 
I ~1 l~tDH(37)-

V1H - ~..,..,.,..,..,..,.,..._.11!-------~r-r-P.,..,.,...,..,..,..,..,..,..,..,~~.,.,..,..,.,..,...,.,..,.,.,.'l""'l""P.,.,..,~,..,.,.-.,..,..._ 

VAL!D DATA IN 
V1L - .... ~"""""'·"·'"~------J" """"'*'-'-J..l....j""""'""-'-'-'-'-..t.J..j"""""'"*"'J..1.J,-""-"U..O'-'-'-.t..l.J.J.J.j~l.J.J.• 

TEST MODE IN CYCLE 

l--------lRC1571----------I 

!\. l .... i------lRASi651--------1 

!I 1$11ffe{~ ~-·~"·"·~k;Jll/J//////I///////// $$//J/11/J///! IZ 

1/0 VoH- __ _,;.;;;;l~F-Fi~"'r.!Oil ------------ HIGH-z------------
VoL----~ 

NOTE : OE and Ao-A9 : "H'' or "L" 
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HY514400A 1,048,576X 4-Bit . CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H--· 

l\.l~------------lRASl13l---------'---lll 

V1L--

lcSR(44) 

CAS 
V1H -- . .._... 
V1L --

Ao-Ag 
V1H --

V1L--

I 11 

READ CYCLE 

V1H -

V1L--........ .._._,,, 

1/0 

WRITE CYCLE 

1/0 

V1H-

V1L--,...,...,..._.,,, 

~:~ -. !///J//11 !Ill!//// !II/Iii// !Ill// II ///J/! ///iJJ///// Ill!)//// II II!!! /I! II! ///J 

--f I I 

tos1
3
s1i I I I . . }- -IDH(37)-~ 

~,: = TGH-Z~ ~~LID DATA IN )------+_.., ________ _ 

READ-MODIFY-WRITE CYCLE 

~1 

WE 
V1H--

V1L--

OE 
V1H--

V1L--

1/0 
V110H-

VvoL-
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---.. 
l-IAA(71-

------------------... IOEA(49) -
IDH(371 



HY514400A 1,048,576X 4-Bit CMOS DRAM 

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. Aoc is not used. If, 
upon reading, the 8 bits are equal(all ls or Os), 
the 1/0 pin indicates 1. If they were not equai 
the I/O pin indicates 0. The following figure 
shows the block diagram of HY514400A In Test 
Mode, 1MX4 DRAM cab be tested as if it were 
a 512KX 8 DRAM. 

BLOCK DIAGRAM IN TEST MODE 

Normal 

~ 
Test 

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 ofN test 
pattern. 

Voo 

1/01 
Normal~=~· 512Kblock~cc b~:::~ ~ ~ : t:_____~~-===::::. ;;:-0; 1/0 1 512K block _. ~ ~ 

1 Test D 
Normal 

A-H 
K 

L 

A-H Voo 

~~~ :::: :t-riJ-'--E-t::===b_. ~€.F/O 2 
Test . . F 

Normal 

Voo 

~~:j:::: :@r-~:--t::===G:__ ~€b -~~ 
Ace 
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HY514400A 1,048,576X 4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

--·+--

0.0200(0.5080) 
- 0.0160(0.4064) 

0.0320( 0.8128) 
.. - 0.0260( 0.6604) 

• 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL 

I 
·-·-·-·--·-·--1-·-·-·-·-·---

i 

0.679( 17.247) 
-----0.671(17.043) -----

3-250 

~§ 
dd 

ii 
dJ'l€' ~~~1 ~31\\, 'g 
J /_ o.02aCo.S84) o-/ t 

0.017(0.432) 

UNIT: INCH(mm1 MAX .. 

UNIT: INCH(mmj MAX 
MIN 

MIN 



• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

~~---------j----------~ 

- 0.024(0.6096) 
0.016(0.4064) 

_[_ 

~ . 
I I 
i i 
'i' y 

0.050(1.2700)-i j-

1-------1.036(26.3144) _____ ___,,.I 
1.024(26.0096) 

20 

HY514400A 1,048,576X 4-Bit CMOS DRAM 

- - 0.120(3.0480) 
0.112(2.8448) 

l 
, 

I t 
1 ~"' 

I ~ 
NI'- ::?: 
u I § oicd • --1 

~i ~ n ;; 
..... MM 

I §' ~~ ~ 
I ~ ' i......I -I 

d ;;;; 

...._ I d 

~i 1-l!l-o.J12co.3048) 
d d I 0.009(0.2286) 

- -o.100(2.5400) BSC 
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DESCRIPTION 

The HY514400AL 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 ITL 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 

Aoo-
A1 O-
A2 o-
A3 0-
~ 0-
As 0-
As o-
A7 0-
Aa 0-
Ago-

0-

xa 
PARALLEL 
TEST 

1101 

10 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATE 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 

GENERATOR 

--o Voo 
--0 Vss 

PRELIMINARY 

M1J1200A-MAR92 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns : 90mA(max.) 
-TIL Standby Current : 2mA(max.) 
- CMOS Standby Current : 200µA(max.) 
- Battery Back Up Current : 300µA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 

• Common 1/0 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) 

' 
HY514400AL-60 HY5l4400AL-70 

Max RAS Access 
60 70. 

Time, tR..\c 

Max CAS Access 
20 20 

Time, tcAc 

Min Fast Page Mode 
40 45 

Cycle Time, tpc 

Min Cycle Time, tRc 120 130 

PIN CONNECTIONS 
l/Oo 10 26 Vss l/Oo 0 
1101 2 25 1103 1101 

WE 3 24 1102 "WE 
RAS 4 23 ~ RAS 4 

Ag 5 22 BE Ag 5 

Ao 9 18 As Ao 
A1 10 17 A1 A, 10 

A2 11 16 A5 A2 11 
A3 12 15 As A3 12 

Voo 13 14 A4 VDo 13 

SOJ 

PIN NAMES 
RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-Ag ADDRESS INPUT 

l/Oo·l/03 DATA INPUT/OUTPUT 

Voo POWER(+5V) 

Vss GROUND 

HY5t4400Alr80 

80 

25 

55 

150 

26 Vss 

25 1103 
24 1102 

23 CiiS 
22 OE' 

18 As 
17 A1 

16 As 

15 As 
14 A4 

ZIP 
3-253 
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HY514400AL 1,048,576X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
·/L: ')sYNfBQL ..,. · .•. '• -' ~·· ·\ 'f'.·:; '.;~~~~-;;:: ~ ;•;t· 

TA Ambient Temperature 0 to 70 't 

TsTo Storage Temperature -55 to 150 't 

Voltage on Any Pin Relative to Vss -1.0 to 7.0 v 
Yoo Voltage on Yoo Relative to Vss -1.0 tQ 7.0 v 
los Short Circuit Output Current 50 mA 

TsoLDER Soldering Temperature Time 260, 10 't, sec 

PT Power Dissipation 770 mW 

NOTE: Operation at or above Absolute Maximum Ratings can adversely affect device relia~ility. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL 

Yoo Supply Voltage 4.5 5.0 5.5 v 
Vrn Input High Voltage 2.4 Voo+l v 

Input Low Voltage -1.0 0.8 v 
NOTE : All voltages are reference to Vss· 

DC CHARACTERISTICS 
(TA=0°C to 70°C Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

•1 . .. 
"'(':' 

"'(:: ..•. "" ms:i~, 
F ~---{ .·'" ·::-, 

SYMBOL 'PARAMETER •· TESJ: i~QNDITIONS · SPli.tn ·;,~ NOTE 
... .· .. ·, MIN. 'MJ\X, 

~. 

I lu I Input Leakage Current(any input pin) 
OV ~V1N~6.5V, All other - 10 µA 
pin not under test=Vss 

I lw I 
Output Leakage Current for DoUT is disable, 

10 - µA 
High Impedance State 0V<VoUT<5.5V 

-60 - 110 
RAS, CAS, Address 

1001 V oo Supply Current, Operating -70 - 100 mA 1, 2, 4 
cycling, tRc=tRc(min.) 

-80 90 -
1002 V DD Supply Current, TTL Standby RAS=CAS=Vrn - 2 mA 

- - -60 - 110 

lom 
Yoo Supply Current, RAS cycling, CAS=Vrn, 

-70 100 mA 
RAS-only Refresh 

- 1, 4 
tRc=tRcCmin.) 

-80 - 90 

-- -60 - 70 

1004 
Yoo Supply Current, RAS= Vu., Address 

mA -70 - 60 1, 2, 4 
Fast page mode cycling, tpc=trc(min.) 

-80 50 -

Ions 
V oo Supply Current, 

RAS=CAS=Voo-0.2V 200 µA -
CMOS Standby 

-60 - 110 
RAS, CAS cycling 

1006 
V DD Supply Current, 

-70 100 mA 
. CAS-Before-RAS Refresh tRc=tRc(min.) 

1, 4 

-80 - 90 

CAS=CBR cycling or o.2V, 

OE=WE=Voo-0.2V, 

Add=Voo-0.2V or 0.2V, 

Yoo Supply Current, J/O=Voo-o.2V or o.2V or open, - 300 µA 1 

1007 Battery Back up tRc=125µs, tRAs=tRAS(min.) 

-300ns 

Same as above - 400 µA 1, 5 
except tRAs=300ns-lµs 

VoL Output Low Voltage loL=4.2mA - 0.4 v 
VoH Output High Voltage loH=-5mA 2.4 - v 

3-254 



HY514400AL 1,048,576X 4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) NOTES: 3,4, s, 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 SS ns 

4 tpRwc Fast Page Mode RMW Cycle Time 95 100 llS ns 

Access Time from RAS 60 70 80 ns 8, 13 

6 tcAC Access Time From CAS 20 20 25 ns 8, 13 

Access Time from Column Address 30 35 40 ns 8, 13 

8 tcPA Access Time from CAS Precharge 35 40 50 ns 8 

9 tcLZ CAS to Output in Low-Z 0 0 0 ns 8 

lO toFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9 

11 tT 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 lOK 70 lOK 80 lOK ns 

14 tRAsP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

15 tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 tcSH CAS Hold Time 60 70 80 ns 

17 tcAS CAS Pulse Width 20 lOK 20 10K 25 lOK ns 

18 tRCD RAS to CAS Delay Time 20 40 20 55 20 55 OS 13 

19 tRAD 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 tRAH Row Address Hold Tirr_e 10 10 10 ns 

24 tAsc Column Address Set-up Time 0 0 0 ns 

2S tcAH Column Address Hold Time 15 15 15 ns 

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 OS 

29 tRCH Read Command Hold Time 0 0 0 OS 10 

Read Command Hold Time referenced to RAS 0 0 0 ns 10 

31 twcH 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 tRWL Write Command to RAS Lead Time 20 20 25 OS 

35 tcWL Write Command to CAS Lead Time 20 20 25 ns 

36 tos Data Set-up Time 0 0 0 ns 11 

37 toH Data Hold Time lS 15 15 ns 11 

38 toHR Data Hold Time referenced to RAS 50 55 60 ns 

39 tREF Refresh Period 128 128 128 ms 

40 twcs Write Command Set-up Time 0 0 0 ns 12 

41 tcwo CAS to WE Delay Time 50 50 SS ns 12 

RAS to WE Delay Time 90 100 110 ns 12 

43 tAWD Column Address to WE Delay Time 60 65 70 ns 12 
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HY514400AL 1,048,576X 4-Bit CMOS DRAM 

-' ;.c --;: 
HYS14400AL 

·;·:;:c- f-iF f 
;; 

# SYMBOL PARAMETER 60 1 10· '• 1/$0-: ----~· NOTE 
MlN. MAX. MAX: .. 1\;fJN. MA_x,··' 

/ Y-- f 

l\fiN~ ;·; :: 
44 tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

4S tcHR CAS Hold Time(CAS Before RAS Cycle) lS - 20 - 30 - ns 

46 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

47 tcPT CAS Precharge Time(CBR Counter Test Cycle) 30 - 3S - 40 - ns 

48 tROH RAS Hold Time referenced to OE 10 - 10 - 10 - ns 

49 to EA OE Access Time - 20 - 20 - 20 ns 

so tom OE to Data Delay 20 - 20 - 20 - ns 

SI toEz Output Buffer Tum-off Delay Time from OE 0 20 0 20 0 20 ns 

S2 torn OE Command Hold Time 20 - 20 - 20 - ns 

S3 tWTs Write Command Set-up Time(Test Mode In) 10 - 10 - 10 - ns 

S4 tWTH Write Command Hold Time(Test Mode In) 10 - 10 - 10 - ns 

SS tWRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

S6 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

AC CHARACTERISTICS IN THE TEST MODE Note: 15 

HY514400AL 

# SYMBOL PARAMETER 60 70 . 80 UNIT NOTE 
MIN. MAX. MIN. MAX. MlN. MAX. 

S7 tRc Random Read or Write Cycle Time 12S - 13S - lSS - ns 

S8 tRwc Read-Modify-Write Cycle Time 180 - 190 - 21S - ns 

S9 tpc Fast Page Mode Cycle Time 4S - so - 60 - ns 

60 tPRWC Fast Page Mode RMW Cycle Time 100 - lOS - 120 - ns 

61 tRAC Access Time from RAS - 6S - 7S - 8S ns 8, 13 

62 tcAC Access Time from CAS - 2S - 2S - 30 ns 8, 13 

63 tAA Access Time from Column Address - 3S - 40 - 4S ns 8, 13 

64 tcPA Access Time from CA'S Precharge - 40 - 4S - SS ns 8 

6S tRAs RAS Pulse Width 6S lOK 7S lOK 8S lOK ns 

66 tRASP RAS Pulse Width(Fast Page Mode) 6S 200K 7S 200K 8S 200K ns 

67 tRSH RAS Hold Time 2S - 2S - 30 - ns 

68 tcSH CAS Hold Time 6S - 7S - 8S - ns 

69 tcAS CAS Pulse Width 2S lOK 2S lOK 30 lOK ns 

70 tRAL Column Address to RAS Lead Time 3S - 40 - 4S - ns 

71 tcwo CAS to WE Delay Time SS - SS - 60 - ns 12 

72 tRwo RAS to WE Delay Time 9S - lOS - llS - ns 12 

73 tAwo Column Address to WE Delay Time 6S - 70 - 7S - ns 12 

74 to EA OE Access Time - 2S - 2S - 2S ns 

7S to ED OE to Data Delay 2S - 2S - 2S - ns 

76 to EH OE Command Hold Time 2S - 2S - 2S - ns 
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HY514400AL 1,048,576X4-Bit CMOS DRAM 

NOTES: 

1. Icci. Icc3, Icc4. Icc6• Ice? depend on cycle rate. 
2. Icci. Icc4 depend on output loading. Specified values are obtained with the output open. 
3. An initial pause of 200µs 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=V1L and CAS=V1H· 
5. Only tRAs(max.)= lµs is applied to refresh of battery back up but tRAs(max.)= lOµs is applied to normal functional operating. 
6. AC measurements assume tT=Sns. 

7. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vitt and VJL· 
8. Measured with a load equivalent to 2 TTL loads and IOOpF. 

9. IQpp(max.) and toEZ define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
10. Either tRCH or IRRH 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• tcwo and tAwo are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. Iftwcs:2: twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tRwo 2 tRwo(min.), tcwo 2 tcwo(min.) 
and tAWD 2 tAwo(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 tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : If tRCD is greater than the specified 
tRcoCmax.) limit, then access time is controlled by tcAC· 

14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAO(max.) is specified as a reference point only : IftRAD 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°Cto 70°C, Voo=SV± 10%, f=lMHz) 

SYMBOL PARAMETER TYP. MAX. UNIT 

C1N1 Input Capacitance(Ao·A9, Data In) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE, OE) - 7 pF 

Co UT Output Capacitance(Data Out) - 7 pF 
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HY514400AL 1,048,576X4~Bit CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

RAS V1H--

Vil--

CAS 
V1H--

Vil--

A:J-A9 
V1H--

Vil--

WE 
V1H--

Vil--

OE 
V1H--

Vil--

1/0 VoH--

Vol--

•------------IRc111-------------• 

14--------IRASi13J--------

14-------lcSH(16J-..,__ ____ _. 

ICRPi20i 

- -IRCD(18J~ 

IRAD(19J -

--IRP(12)__. 

-4- ICRP(20)__. 

-------HIGH-z----------cv VALID DATA OUT 

WRITE CYCLE 

RAS 

CAS 

A:J-Ag 

WE 

1/0 

3-258 

V1H--

V1L--

V1H--

V1L--

V1H--

V1L--

V1H--

Vil--

1•-------1RAS(13J-------
-------"""'!3Lf 

ICRP(201 ___. 

1'.l4----1ARi26)-

I •------ICSH(16J-t------•I 

--IRCD(18J- ------t---IRSH(15)--+-~:.:.::.: _ __,!iii.._ __ t_cR_P_i20_1~----------
IRAH(23J 

14-..,__-+-l,-cA_H_i
2
-
51
-t-!RALi27)---+---. 

~ ..__ 
COLUMN 
ADDRESS 

I 
twcR1321 I 

--->--->---IRWLi34)-------. 

~H= !//(///! li/!J//! ll!/1//1////J///JliiJ///i Ii Iii /I/Ii Iii //j/i/iJ///(/i)//(/il 1/14 
IL I I t;: 

-----IDHRi38J 

los13s1 loH137J .... ~ 
V1H-- -------------Cl VALID DATA IN 11'"----------HIGH-z----------



HY514400AL 1,048,576X 4-Bit CMOS DRAM 

WRITE CYCLE( OE CONTROLLED WRITE) 

RAS V1H--

Vil--

CAS V1H--

Vil--

~-Ag 
V1H--

Vil--

WE 
V1H--

V1l--

OE 
V1H--

Vil--

1/0 V1H--

Vil--

lcRP(20) _ .... 

l------------lRc111---------------1 

--------lRASi13)--------• _Jr-______________ , 

l\J·----lAR\261----.1 

1-------lCSH(16)-+-----•I 

1----+--lRSH(15)--l----<•I -lCRPi20J-~-----++---------..... "" , ____________________________________ _ 
lRADi191 ·-

....... -lDH(37)-i.n 

:::.~OI lDSi361 

-->~~W/11£ VALIDDATAIN fliJ///!ll!J///iJ////i!J//i//lli!M 

READ-MODIFY-WRITE CYCLE 

RAS 
V1H--

Vil--

CAS 
V1H--

Vil--

~-Ag 
V1H--

Vil--

WE 
V1H--

Vil--

OE 
V1H--

Vil--

1/0 
V110H--

V110L--

lcRP(20) 

----lAR(26) 

l-----------+--lCSH(16)--------------I 

-lRCD(16)--... 

lRADi19) ·- l-----lcWDi41)------. .. 1 

• -----+-----+--lRWDi42)---------I 

-lAA(7)-
I toEA1•9l 

______________________________ , .-.... 

-------lRACi5)-+----•I 

loED(50) -· 
i'll.Jl:~---s.. 

lCLZ(9) -
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HY514400AL 1,048,576X 4-Bit CMOS DRAM 

FAST PAGE MODE READ CYCLE 

/\)-Ag V1H--

V1L --

WE 
V1H--

V1L--

OE 
V1H--

V1L -·--

1/0 VoH -

Vol --

---- 1 

ICRP(20i ...... 

~---------------IRASP1141-------------

~-.--IAR1261-

... 

FAST PAGE MODE WRITE CYCLE 

... l--------------1RASPi141----------------i~I 

RAS V1H--

V1L--
... --IAR!26i--? 

CAS 
V1H --

V1L --

/\)·Ag V1H 

V1L 

WE 
V1H--

V1L--

OE V1H --

V1L--

110 
V1H--

V1L--
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HY514400AL 1,048,576X4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V1H IRASP(14) 

V1L 

... ---lcSH(16J 

-IRSH(15J-

CAS 
V1H 

V1L 

A.J-Ag 
V1H 

V1L 

V\H 
WE 

V\L 

V1H 
OE 

V\L 

110 

-
RAS-ONLY REFRESH CYCLE 

1-.------------IRc111---.-----------•1 

-IRP(12J-

V\H 
RAS l"·--------1RAS(13J--------' .... 

V\L 

CAS 
V1H 

V1L 

V1H 
A.J-Ag 

VIL 
=w1111AX~~~b/!l///1111/!!1111111111111/J//11///~---

NOTE: OE and WE ="H'' or "L" 
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HY514400AL 1,048,576X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH CYCLE 

RAs 

CAS 

1/0 

V1H--

V1L --

V1H--

VtL --

VoH-

VoL--

lAPC(46) .. • 

-1~"' 
NOTE: OE and Ao·A9: "H'' or "L" 

HIDDEN REFRESH CYCLE (READ) 

RAS 

CAS 

A.J·As 

WE 

OE 

1/0 

3-262 

V1H 

VtL 

V1H --

VtL --

V1H--

V1L--

V1H --

VtL --

V1H--

V1L --

VoH-

VoL--

HIGH·Z--------------------------------



HY514400AL 1,048,576X4-Bit CMOS DRAM 

IDDDEN REFRESH CYCLE (WRITE) 

A-0-As 

WE 

110 

V1H-

V1L-

V1H-

V1L -

ICRP(20) 

lwcs 1401 

l
--+---1--~·twcR(32l -

iRWL(34)-

~:: = //II! ///!//!I J//!IJll /1711! //!! !1!11//I //!l!J/////ll! //J/I !llJ/!J/ I Ill II Ill! !11 
I ~1 ,_._toH137l-

V1H - ~.,..,.,.~"7"\..Jeo---------'!!ll ,.,..,..,..,.,..,..,..,..,..,..,..,..,..,.,~,...,..,..,..,..,..,.,.,..,..,..,. ........ .,.._.......,......., .......... _ 

VALID DATA IN 

TEST MODE IN CYCLE 

•--~-----lRC1571 

V1H - __ .,__""" 

V1L-

f!;/11///~=1 ~-IMe,M•-k@11!j////////!lll!$/Jj//J!f/i/$1!!/Z 

110 
VoH - __ ..... t~;;,;,;FF1..,.:) _________ _ 

- HIGH-z--------------
VoL - ----

NOTE : OE and Ao-A9 : "H" or "L" 
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HY514400AL 1,048,576X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

Ao-Ag 

READ 

1/0 

V1H--· 

V1L --

V1H --

V1L--

V1H--

V1L--

V1H -

V1L --1.1-.."-"""""'" 

V1H--

lCSRi44) -
"''·------------lRASf13i-----------

IASCi24) _, 
11 

lOEAi49) -

I 11 

V1L---------------------------------------1,._--+---------"'4'o-.....,""""...,.....,.....,.._. ..... -.. ...... ...._._ 

lcLZ(9) 

VoH- HIGH-z--.....,_i-+------a 
Vol-- ~._,..,.. ___________________ _.r 

WRITE CYCLE lwRPl55) 

1/0 

V1H-

V1L--,...,......,.......,,, 

~:: = V/!!11! //// !1////1/lll!J//! Ill J/11111! /////ll///i 11 //J!J II II! !II J////111!1 //; 
11 1~~~11-lDH(37)-~ I I 

~I:= ------tl'GH-Z------+~ ~~LID DATA IN ,--------+--•------------
READ-MODIFY-WRITE CYCLE 

~1 

WE 
V1H--

V1L--

OE 
V1H-

VIL __ . 

1/0 
V1;0H-

V1;0L-
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.... lRWL(34)-.. 

..._,___lcwo1•11-

lCACf61 - .. 
1-IAA(71-

--------------------------... lQEA(49) -.. 

------------------------------4lV 

IDHi371 

VALID 
DATA IN 



HY514400AL 1,048,576X4-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. Aoc is not used. If, 
upon reading, the 8 bits are equal(all Os or ls), 
the 1/0 pin indicates 1. If they were not equal, 
the 1/0 pin indicates 0. The following figure 
shows the block diagram of HY514400AL. In 
Test Mode, 1MX4 DRAM can be tested as if 
it were a 512KX 8 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. 

Voo 

!\Jc A Norma~ 

~~5-=t: :r©t~::=======G~ ~g "0 0 

B 
Normal 

Normal 

~ 
Test 

A-H 
K 

L 

A-H Voo 

~~=t::::t§t!~========b~ ~~~l/O 2 

est _ _ F 
Normal 

Voo 

~~:d ::::::[!it~~~=~=====G:::; g~b -~~ 
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HY514400AL 1,048,576X 4-Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20/26 PIN SMALL OUTUNE J-FORM PACKAGE -300 MIL 

-i 

0.0200(0.5080) 
- 0.0160(0.4064) 

~ ~ ...___! ___......,.___;_,....._.......,.__ 

MM 

~i 
dd 

t 
H 
ii 
ci d 

• 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL 

-rr 
I 

·-·-·-·-·-·-·--1-·-------·-·-·--
i 

i l l 
~~~~--=------

bHMMh:J_ i ---=--jHHHhiJ !rBASEPLANE 

0 ij ~I t L SEATING PLANE ,._ ~L o.61sc11.241) ~ ~ 
~ § 0.671(17.043) ~ § 
~~ 88 qg §§ 
0 dd 
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fe==-j 
J I._ 0.023(0.584) 

0.017(0.432) 

UNIT : INCH(mm) MAX_ 
MIN 

UNIT : INCH(mm) ~~: 



HY514400AL 1,048,576X 4-Bit CMOS DRAM 

• 20-PIN ZIGZAG-IN-LINE PACKAGE-400 MIL 

£ + 
~ ~--- ---- __ j ______ -,---~ 

-$- I 
H- Il
l I 
i ' 

µ,. ' 
I I 
i i 
y ~ 

0.050(1.2700)-j j-

1-------1.036(26.3144)------·· 
1.024(26.0096) 

20 

-
t V, 

~~ 
I 

~~ I 
ee..., · ' _ _, 

u 
dd I i I 

- 0.120 3.0480) 
0.112(2.8448) 

t 
~ 
~ ~~ du 
~ C')C') 

~n 
d dd 

r 
~ 
;'.? 

i 
d 

~ 
;'.? 
'O 

~ 
~ ....._ 

. I j 
~ I . 'i _,,,_ 0.012(0.3048) 

d I 0.009(0.2286) 

- ·-0.100(2.5400) BSC 
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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 TIL compatible. 
Multiplexed address inputs pennit 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. 

BWCK DIAGRAM 

'WE G--------C'AS --~~~~-+--! t--~--' 

AOO-

A1 0-
A'i o-
A3 0-
~ 0-
As 0-
As o-
A7 0-
Aa 0-
Ag 0--

0--

><B 
PARALLEL 
TEST 

10 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATE 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 
GENERATOR 

--o Voo 
--0 Vss 

PRELIMINARY 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns: 90mA(max.) 
-TTL Standby Current : 2mA(max.) 
- CMOS Standby Current: lmA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 
• Common 1/0 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) 

HY514410A"60 HY514410A-70 HY5144IOA-80 

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 
VOo 10 26 Vss l/Oo 1 0 26 .Vss 
1/01 2S V03 1101 2 2S V03 
'WE 24 V02 WE 3 24 V02 
RAS 4 23 CA.ll FiAS 4 23 &s 

Ag s 22 i5E Ag s 22 6E 

Ao 9 18 As Ao 18 AR 
A, 10 17 A7 A, 10 17 A1 
A2 11 16 As A2 11 16 As 
A3 12 1S As A3 12 1S As 

Voo 13 14 A4 Voo 13 14 A4 

SOJ 

PIN NAMES 
RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE --Ao-Ag ADDRESS INPUT 

1/0o·l/03 DATA INPUT/OUTPUT 

Voo POWER(+SV) 
----1 

Vss GROUND -- ZIP 
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HY514410A . 1,048,576X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

~YN\BOL1 
Ambient Temperature 

TsTG Storage Temperature 

Voltage on Any Pin Relative to Vss 

Yoo Voltage on Yoo Relative to Vss 

los Short Circuit Output Current 

TsoLDER Soldering Temperature, Time 

Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

Yoo Supply Voltage 4.5 

Vm Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

0 to 70 't 

-55 to 150 't 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

260, 10 't, sec 

770 mW 

5.0 5.5 v 
Voo+l v 

0.8 v 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 
••. 7 : .·". ::r; .. ;'> •, .. :;;:-~ fj? i~-ZS :::_::. ~·· ~~ 5mJ·-~'I ~t~;~~t?; rs~oo.(;.·. 1~RAM~if:B •. '.;i ... . ·__{ !>• _i_ • ·• ,; /•

1 

·:>~ ·., '·>'. L·'.11 """- / "~f~'"'::~ •.•. ·-iS:_:I;_':.;" .. i ::f*:<I ,;.:~ .. \ .{:':· : ; l. .: :J 1f:::~A:1:· 
I Iu I Input Leakage Current(any input pin) 

OV.s..V1N~6.5V, All other 
10 µA -

pin not under test= V ss 

I Iw I 
Output Leakage Current for Dom is disable, 

10 - µA 
High Impedance State OV <VouT<S.SV 

-60 
RAS, CAS, Address 

- 110 

Iom Yoo Supply Current, Operating -70 - 100 mA 1, 2, 4 
cycling, tRc=tRc(min.) 

-80 90 -

1002 V DD Supply Current, TTL Standby RAS=CAS=V1tt - 2 mA 

-60 - 110 
RAS cycling, CAS=V1tt. 

Io03 
Yoo Supply Current, 

-70 100 1, 4 
RAS-only Refresh 

- mA 
tRc = tRc(min.) 

-80 - 90 

-60 - 70 
RAS=V1u Address V oo Supply Current, 

1004 -70 - 60 mA 1, 2, 4 
Fast page mode cycling, tpc=tPC(min.) 

-80 50 -

Ions 
V oo Supply Current, 

RAS=CAS=Voo-0.2V - 1 mA 
CMOS Standby 

RAS, CAS cycling 
-60 - 110 

IoD6 
Yoo Supply Current, 

-70 100 mA 1, 4 
CAS-Before-RAS Refresh tRc = tRc(min.) 

-80 - 90 

VoL Output Low Voltage IoL=4.2mA - 0.4 v 
Yott Output High Voltage Iott=-5mA 2.4 - v 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=5V± 10%, Vss=OV, unless otheiwise noted.) NOTES: 3, 4, 5 

~~· ~ 
7

'*~": ;1'', ,, ,~~?,,~27 ... . I . ;" "~ i 
·· .. f .60.< .· :. . -1'.:; .. •. .• .. ~.t.} •. 80 .• • .••. ·/· .. UNIT NQ'JJE. 

•. ·:;· ·. •·. • .... .• ..... ; +. . • "· .: •; ···1·1 j . : ... 
. MA:X:~t_ 0° lL r:ff. Vi\. v+· A. t( .• ;. ;; .• .Ji. .. ··M!N'.1. MAX•' .·MIN~_w ~x .MIN • ·: 

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 

s tRAc Access Time from RAS - 60 - 70 - 80 ns 7, 12 

6 le AC Access Time From CAS - 20 - 20 - 25 ns 7, 12 

7 tAA Access Time from Column Address - 30 - 35 - 40 ns 7, 12 

8 lcPA Access Time from CAS Precharge - 35 - 40 - 50 ns 7 

9 tcu CAS to Output in Low-Z 0 - 0 - 0 - ns 7 

10 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 8 • 11 tT 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 lOK 70 lOK 80 lOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

lS tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 lcSH CAS Hold Time 60 - 70 - 80 - ns 

17 le AS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

18 tRCD RAS to CAS Delay Time 20 40 20 so 20 55 ns 12 

19 tRAo RAS to Column Address Delay Time 15 30 15 35 lS 40 ns 13 

20 le RP CAS to RAS Precharge Time 5 - 5 - s - ns 

21 lcP 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 

2S le AH Column Address Hold Time 15 - 15 - IS - ns 

26 tAR Column Address Hold Time referenced to RAS 50 - S5 - 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 9 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns 9 

31 twcH Write Command Hold Time 15 - 15 - lS - ns 

32 twcR Write Command Hold Time referenced to RAS so - SS - 60 - ns 

33 tWP Write Command Pulse Width lS - IS - 15 - ns 

34 tRWL Write Command to RAS Lead Time 20 - 20 - 2S - ns 

3S lcWL Write Command to CAS Lead Time 20 - 20 - 2S - ns 

36 tos Data Set-up Time 0 - 0 - 0 - ns 10 

37 toH Data Hold Time lS - lS - lS -- ns 10 

38 to HR Data Hold Time referenced to RAS so - SS - 60 - ns 

39 tREF Refresh Period - 16 - 16 - 16 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - ns 11 

41 tcwo CAS to WE Delay Time . so - so - 5S - ns 11 

42 tRwo RAS to WE Delay Time 90 - 100 - 110 - ns 11 

43 tAwo Column Address to WE Delay Time 60 - 6S - 70 - ns 11 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

'· HY514410A •' 
\. . ;• 

! 
\; .\: •... 

JJARAMETER r •' ;:;00 T ,. 'Sf\ 
. 
. ' UNtf ;~N(ire·3 # SYMBOL 70 

) .·. 
~ ;··. 

MIN~~ . ·MAX. MIN •. MA,x. ~ . MAx·· .·: 'i/ ; .·· 

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

45 tcHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 30 - ns 

46 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

47 tcPT CAS Precharge Time(CBRCounter Test Cycle) 30 - 35 - 40 - ns 

48 tROH RAS Hold Time referenced to OE 10 - 10 - 10 - ns 

49 to EA OE Access Time - 20 - 20 - 20 ns 

50 to ED OE to Data Delay 20 - 20 - 20 - ns 

51 toEz Output Buffer Tum-off Delay Time from OE 0 20 0 20 0 20 ns 

52 to EH 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 tWRH WE to RAS Hold Time( CBR Cycle ) 10 - 10 - 10 - ns 

AC CHARACTERISTICS IN THE TEST MODE Note: 14 

.... 
Hr~i44tt!L ... 

, . ; l ··'·' ; 

.. -~-'"'"'' 
--w-v ,,,,,._~ v ,,,,.,., ~~ . .. ;~., 

# SYMBOL PARAMETER 60 I 70• ~ :uNIT: NOTE 

_;;_ 
:·MIN. MAX. MIN~ MAX. MIN. MAX.; .·" 

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 - 85 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 - 45 - 55 ns 7 

65 tRAS RAS Pulse Width 65 lOK 75 lOK 85 lOK ns· 

66 tRASP RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 85 200K ns 

67 tRSH RAS Hold Time 25 - 25 - 30 - ns 

68 tcSH CAS Hold Time 65 - 75 - 85 - ns 

69 tcAS CAS Pulse Width 25 lOK 25 lOK 30 lOK ns 

70 tRAL Column Address to RAS Lead Time 35 - 40 - 45 - ns 

71 tcwo CAS to WE Delay Time 55 - 55 - 60 - ns 11 

72 tRWD RAS to WE Delay Time 95 - 105 - 115 - ns 11 

73 tAWD Column Address to WE Delay Time 65 - 70 - 75 - ns 11 

74 to EA OE Access Time - 25 - 25 - 25 ns 

75 to ED OE to Data Delay 25 - 25 - 25 - ns 

76 to EH OE Command Hold Time 25 - 25 - 25 - ns 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

AC CHARACTERISTICS IN THE WRITE PER BIT MODE 
: HVS144IOA 

# SYMBOL PARAMETER ~+~ 60 70 80 UNIT NOTE 

-'-
MIN. MAX. MIN. MAX. MIN. MAX. 

77 twes Write Per Bit Set-Up Time 0 - 0 - 0 - ns 

78 twett Write Per Bit Hold Time 10 - 10 - 10 - ns 

79 tWPS Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns 

80 twPH Write Per Bit Selection Hold Time 10 - 10 - 10 - ns 

NOTES: 

I. lcci. Icc3. lcc4. lcC6· lcC7 depend on cycle rate. 
2. lcn, lcc4 depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200µs 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=V1L and CAS=V1H· 

5. AC measurements assume tT=5ns. 

6. Vrn(min.) and V1L(ritax.) are reference levels for measuring timing of input signals. Also, transition times are measured between VJH and VIL· 

7. Measured with a load equivalent to 2 TTL loads and lOOpF. 

8. toFF(max.) and toE.z 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 ffi leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

I I. twcS• tRWO. tcwo and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. lftwcs >twcs(min.) 

the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: IftRwo2-tRwo(min.), tcwo2:"tcwoCmin.) 

and IAWD2-tAwo(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 tRcoCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : lftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 

13. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only: IftRAD is greater than the specified 

tRAo(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, Voo=SV± 10%, f= lMHz) 

SYMBOL PARAMETER JYP: MAX. UNIT 
-"' 

C1N1 Input Capacitance(Ao-A9, Data In) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE, OE) - 7 pF 

CouT Output Capacitance(Data Out) - 7 pF 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

OE 
V1H-

V1L 

W/10 
VoH-

------OPEN----+----"4'1/ 
VOL- tcLZ(9) 

WRITE CYCLE (EARLY WRITE) 

V1H -----""""" 1-------tRAS(13)--------1 ~----t-RP-(1_2_)----•1L 
RAS 

V1L 
1----tAR(26)---.. , 

tcRP(20) 
tRCD(18) 

1-------tcSH(16)+-----

tRSH(15) 

CAS 
V1H 

V1L 

V1H 
A:J-A9 

V1L 

__ VIH 

WB. WE 
V1L 

V1H 

OE 
V1L 

V1H 

W/10 
V1L 
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HY514410A l,048,576X 4-Bit CMOS DRAM' 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

__ VIH 

WB, WE 
V1L 

V1H 
OE 

V1L 

V1H 
W/10 

V1L 

tcRP(20) 

1-

1-----------tRC(1)-------------

tRAS(13) 

--- tAR(26)---•1 

l------tcsH(16) 

tRCD(18) 

tRAH(23) 

tRAD(19) -
COLUMN 
ADDRESS 

.tarncsoJ 

tos(36) loH(37) 

VALID DATA-IN 

tcRP(20i 
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HY514410A 1,048,576X 4-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

W/10 

VoH-

VoL -

3-276 

!cAH(25) 

COLUMN 
ADDRESS 

tAWD(43) 

tcwoc41J 

tRWD(42) 

tcAC(6) 
~1 
toEZ(51) 

tRAC(S)--+-----1 

hzcgJ 

tcRP(20) - I 

tcwL(35) 

tRWL(34) 



FAST PAGE MODE READ CYCLE 

RAS 

CAS 

--VIH 
WB. WE 

W/10 

V1L 

VoH -

VOL-

FAST PAGE MODE WRITE CYCLE 

V1H 

WB. WE V 
IL 

OE 

W/10 

HY514410A 1,048,576X 4-Bit CMOS DRAM 

tRP(12) --
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HY514410A 1,048,576X 4-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

__ VIH 
WB.WE 

W/10 

3-278 

V1L 

VoH

VoL-

MASK 
DATA-IN 

tAA(7) I 
toEA(49) 

1cAC(6) 
-1 

toEZ(51) 

tRAC(5) ~ 

1cLZ(9) OUT 
--i-

tcPJA(·~I" -~1(50) tAA(7) I 
toEZC51) 

--1 
toS(36) 

-1 ... 

-i---tRAL(27)----11----•I 

tcAH(25) 

tRP(12) 

~/;~ 
tRWL(34)1 

1cwD(41) 

tAWD(43) 

1cPA(8) 

toH(37) 

1cLZ(9) 

-t-1 

toEA(49) 

1oED(50) 

-r-11 
toEZ(51) 

twp(33) 

tos(36) 

1oH(37) 



HY514410A 1,048,576X4-Bit CMOS DRAM 

RAS ONLY REFRESH CYCLE 

-----------tRccn------------1 

---tRP(12'-
V1H 

RAS 
V1L 

tcRP(20) 

V1H 
CAS 

V1L 

tASR(22) tRAH(23) 

w~~~~#&E#H&#d?Wa __ _ Ill 
NOTE : WB/WE, OE : "H" or "L" 

CAS-BEFORE-RAS REFRESH CYCLE 

+------------tRC(1)------------1 

__ tRP(12)--

------- tRAS(12) 

V1H 
WE 

V1L 

foFF(10) 

VoH -

W/10 
Vol -
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HY514410A 1,048,576X 4-Bit CMOS DRAM 

HIDDEN REFRESH CYCLE(READ) 

------~C(1)------- i...------tRC(1) ___ ___.... __ _ 

1----tRAS(13) ----1 --~P(12)-+ 

tRAS(13) 
~~~~ ·~~~...-. 

_tAR(26)-

tcRP(20) tRCD(18) tcRP(20) 

~I 
tcHR(45) 

t -'11~ \:A,,,,, 
-RAH(23) 11 

__ V/H 
WB.WE 

V1L 

tAA(7) 

OE 
V1H 

V1L 

VoH -
1 ----tRAC(s)-~--

~~~~--~~~~~~~~~--.L 

W/10 VALID DATA-OUT 
Vol-
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HIDDEN REFRESH CYCLE(WRITE) 

RAS 

__ V1H 

WB. WE 
V1L 

OE 

W/10 

tRAS(13) 

tAR(26) 

lcRP(20) 
tRCD(18) 

----.. 1-tRSH(15)-

~, 

'"""" -""'"'::1~ """"" 

twcR(a2) 

twos(79) twoHCSOlt0 sc36) toHc37) 
-1 ----•I 

VALID DATA-IN 

MASK DATA-IN l----toHRC38l---

HY514410A 1,048,576X4-Bit CMOS DRAM 

~C(1) 

tRAS(13) 

lcRP(20) 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H 
RAS 

V1L 

CAS 
V1H 

V1L 

V1H 
/XJ·Ag 

V1L 

READ CYCLE 

- _V1H 
WB.WE 

V1L 

V1H 
OE 

V1L 

W/10 
VoH -

Vol -

WRITE CYCLE 

__ V1H 

WB.WE 

OE 

W/10 

fcsR 

twRP(55) 

1-----------tRAS(13)-----------

twRH(56) 

•------tRSH(15)----

~,) I• fcAH(25) 

COLUMN 
ADDRESS 

l
-ili..m-

tRcs<2s) 

- -fcAC(6)-

tcLZ(9) 

tRQH(48) 

VALID DATA-OUT 

tRWL(34) 

tcwL(35) 

VALID DATA-IN 

READ-MODIFY-WRITE CYCLE 
tAWD(43) I ' fcwL(35) 

--V1H 
WB.WE 

V1L 

OE 

twRP<ss) j I twRH(56) 

-1-1 --fcWD(41)---

tcAC(6) 

_J~AC(6) 
toE0(50) 

~1 
toEZ(51) 

-tRP(12)-

iRRH(30) 

VoH-

lw~o 
OPEN -----------t•cLZ_<_9~)~~_r----......._l>+----f-+------------------------

VOL-

V1H 

V1L 
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HY514410A 1,048,576X4-Bit CMOS DRAM 

TEST MODE -1N CYCLE 

--------tRC(57)--------

-----tRAS(65)------

tcPC21l 

tcsRC44l 

----- - _tCHR(45l- -------------

WB.WE 

W/10 

tWTS(53l 

(///#~- -tWTH(54l--JR$//#//#////////////~ 

-~11_101 ----OPEN------

Ell 

NOTE: 01'. Ao- \ 9 : ''ff' or "L'" 
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HY514410A 1,048,576X 4-Bit CMOS DRAM 

TEST MODE 

The HYS14410A 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. Aic is not used. If, 
upon reading, the 8 bits are equal(all ls or Os), 
the 1/0 pin indicates 1. If they were not equal, 
the 1/0 pin indicates 0. The following figure 
shows the block diagram of HYS14410A In Test 
Mode, 1MX4 DRAM cab be tested as if it were 
a 512KX8 DRAM. 

BLOCK DIAGRAM IN TEST MODE 

Normal 

~ 
512K block 

Test 

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 ofN test 
pattern. 

Voo 

~~~=t:::ttfil:::c=~=====b= ~~~/O 1 

Test - - D -
Normal 

A-H 
K 

L 
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HY514410A 1,048,576X4-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 W1/I01 pins is latched onto the write
mask register(WMR). When a 'O' is sensed on any of the W1/I01 pins, their corresponding write 
circuits are disabled and new data will not be written. 

When 't" is sensed on any of the W1/I01 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. 

Table 1 : Truth table for write-per-bit function 

At the fallin_g e~ge of RAS .'• 
Function . 

Wi/IOi(i=I-:-4) .. CAS OF. WB/WE ··. 
H H H Write Enable 

l 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 

----I 
I'---------" ~-
I 

"H" 

I· 

Ao-Ag ROW COLUMN 

W2/I02 ?!j1 Enable'@ Write "1" ~ 

I ~I~~ 
W31'I03 ~Mask 

I 

W,Jl04 ?/j' Enable ~ Write "o" ~ 

I ~Lwnre 
L_ W,.ll00 ~"L"···Mask Bil 

WN1'10n="H" .. Write Enable Bit 

Fig-2 : Corresponding bit-map 
Pixel 

-----CRT display------.1 

0000000000 
000000@®@00 • 
00000@0@000 Write"1'' 

0000@000000 0 
00 00000 Wrtie"O" 

00000000000 0 
00 00000000 NoWrite 

f o w· "" W,JI 4··· nte 0 

W31'I03···No Write(Mosked) 

W.21102· .. Write "1'' 

W1/I01·"NO Write(Masked) 
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HYS14410A l,048,S76X 4 .. Bit CMOS DRAM 

PACKAGE INFORMATION 

• 20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

..-~~~!!!!!!!!!!!!!!l!!!!!!l!!!!!!~~~-ir f 

~JI~ -·-·-·-·-·l-·-·-·-·-· IWll 
~iljiiijiiiijiii ........ .._i iiiiiiijiiijii;~ii;iiiji l l 

0.0200(0.5080) 
- 0.0160(0.4064) 

UNIT : INCH(mm) MAX_ 
MIN 

fl/lllJ.(Jll--.;.--=:::ifir-.L 

• 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL 

3-286 

i 
! 
I ·-·-·-·-·-·-·-·-1-·-·-·-·-·-·-·-· 
i 

' si 

H 

UNIT : INCH(mm) ~:-

~@ 
~d n 

1""~~1~3\\<=1° jfl; ~ ' 
J I .. O.D23(0.sM) lT .0-50 

0.017(0.432) 



HY514410A 1,048,576X 4-Bit CMOS DRAM 

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400MIL 

- - 0.120 3.0480 
0.112(2.8448) 

, i. 

! . 41-_, 1-·-·----·-·-·-·-·-+-----------·-·-·-i 

-$-
I 
i 

~ ~ H i H 
µ.: 

I I ! I 
'.' I i ! I ! 

I 

r v v v " t t_ - - 0.024(0.6096) I 0.050( 1.2700)-. 
0.016(0.4064) 

l 'I' .... 

' I ~~ 
I ~ 

u I § ~~ cria) . -~ 
~ u ., ~~ 

0 "' 
dd I 

~ MM 
~ 

! ~ ~§ ~ i... I 0 dd 

~· ....... 
d 

I I 

•O j 
~ ~ I I t §g -l,l-0.012(0.3048) 
d d I 0.009( 0.2286) 

- -0.100(2.5400) BSC 

20 
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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, and 
inherently high CMOS reliability. 

All inputs and outputs are TIL co~patible. 
Multiplextrl ~ inputs pennit the HY514410AL 
to be packaged in a ·standard 20/26 pin SOJ, 
TSOP, and 20 pin ZIP. 

HY514410AL design is optimized for cache 
based mainframe, and microcomputers, 
graphics digital signal processing, and high 
performance microprocessor systems. 

BWCK DIAGRAM 

Aoo
A10-
A~ O
A30-
A4 0-
As 0-
AE) ()-+ 

A1 o-+ 
Aao
Ago-

0-

xs 
PARALLEL 
TEST 

10 

COLUMN 
DECODER 

SENSE AMP 
1/0 GATE 

tu ........... u: 

MEMORY 
ARRAY 

SUBSTRATE 
BIAS 

GENERATOR 

--o Voo 
-OVss 

PRELIMINARY 

M1L1200A-MAR92 

FEATURES 

• Low power dissipation 
-Operating Current, 80ns : 90mA(max.) 
- ITL Standby Current : 2mA(max.) 
- CMOS Standby Current : 200µA(max.) 
- Battery Back Up Current : 300µA(max.) 

• Read-Modify-Write Capability 
• RAS-only, Hidden, CAS-Before-RAS Refresh 

Capability 

• Common 1/0 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) 

.. 

HVSl~lOAL-61) HVS144lOAL-70 

Max RAS Access 
60 70 

Time, tRAc 

Max CAS Access 
20 20 

Time, tcAc 

Min Fast Page Mode 
40 4S 

Cycle Time, tpc 

Min Cycle Time, tRc 120 130 

PIN CONNECTIONS 
l!Oo 10 2S Vss VOo 0 
1/01 2 2S V03 1101 
we 3 24 1/02 WE 

RA5 4 23 CA!l RAS 4 
Ag s 22 6E Ag s 

Ao 9 18 As Ao 
Ai 10 17 A1 A1 10 
A2 11 1S As A2 11 
A3 12 1S As A3 12 

Voo 13 14 A4 Voo 13 

SOJ 

PIN NAMES 
RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao·Ag ADDRESS INPUT 

l/Oo·l/03 DATA INPUT/OUTPUT 

Voo POWER(+SV) 

Vss GROUND 

HVS14410AL-80 

80 

2S 

SS 

lSO 

2S Vss 

2S 1103 
24 1102 

23 CA5 
22 OE" 

18 A11 
17 A1 

16 As 

1S As 
14 A4 

ZIP 
3-289 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

TsTG Storage Temperature 

Voltage on Any Pin Relative to V ss 

Yoo Voltage on Voo Relative to Vss 

los Short Circuit Output Current 

TsoLDER Soldering Temperature Time 

Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL\. 

Yoo Supply Voltage 4.5 

Vm Input High Voltage 2.4 

Input Low Voltage -1.0 

NOTE : All voltages are reference to Vss. 

DC CHARACTERISTICS 

5.0 

(TA=0°C to 70°C Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

I Iu I 

I Iwl 

1001 

1002 

1003 

1004 

Ioos 

1006 

1007 

VoL 

VoH 

3-290 

?<)i'f:: 

.PARAMFktER 
::_>'."~ .. q! .. :2: 

i\' .. ~ \ }~11f '1' ~j;: ~·~·: 

{'L ·~~:+ ~ TA~il..'',,, 
OV~V1N~6.SV, All other 

Input Leakage Current(any input pin) 
pin not under test= V ss 

Output Leakage Current for 

High Impedance State 

V oo Supply Current, Operating 

Yoo Supply Current, TTL Standby 

V oo Supply Current, 

RAS-only Refresh 

Voo Supply Current, 

Fast page mode 

V oo Supply Current, 

CMOS Standby 

Voo Supply Current, 

CAS-Before-RAS Refresh 

Voo Supply Current, 

Battery Back up 

Output Low Voltage 

Output High Voltage 

DoUT is disable, 

ov ~VoUT~5.sv 

RAS, CAS, Address 

cycling, tRc=tRcCmin.) 

RAS=CAS=V1H 

RAS cycling, CAS=Vm, 

tRc=tRcCmin.) 

RAS=Vn .. Address 

cycling, tPC=tPC(min.) 

RAS=CAS=Voo-0.2V 

RAS, CAS cycling 

tRc=tRc(min.) 

CAS=CBR cycling or o.2V, 

OE=WE=Voo-0.2V, 

Add=Voo-0.2V or 0.2V, 

l/O=Voo-o.2V or o.2V or open, 

tRc= 125µs, tRAs=tRAS(min.) 

-300ns 

Same as above 

except tRAs=300ns-lµs 

loL=4.2mA 

-60 

-70 

-80 

-60 

-70 

-80 

-60 

-70 

-80 

-60 

-70 

-80 

0 to 70 "c 

-55 to 150 "c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

50 mA 

260, 10 "c, sec 

770 mW 

5.5 v 
Voo+l v 

0.8 v 

10 µA 

10 µA 

110 

100 mA 1, 2, 4 

90 

2 mA 

110 

100 mA 1, 4 

85 

70 

60 mA 1, 2, 4 

50 

200 µA 

110 

100 mA 1, 4 

90 

300 µA 

400 µA 1, 5 

0.4 v 
2.4 v 



HY514410AL 1,048,576X 4-Bit CMOS DRAM 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=5V± 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, 5, 6 

it"'. I}:', .. '. ·.;L .·;, •'· '.. 

!JY5144toA:L ...• 
~ bye F '.' 

·. 
'-"- ~ .~ 

··#'' ~L I< P~'I}:R·'. .;) ''·. ,,t)a .·> •. !· ' .. 10 . •v·· . '84f'· lJNI'r . ~~· L 
.: ·>I :f" :NHN:·· .. Mil~ .. MIN. J\dx. 

...::. -'- ...'.!.. ~ ...::. .::.:"'·:...:...:..::. ...:;.. '"' l\1Il'i. :!\JAX. .· 

1 tRc Random Read or Write Cycle Time 120 - 130 - 150 - ns 

2 tRWC Read-Modify-Write Cycle Time 175 - 185 - 2IO - ns 

3 tpc 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 8, 13 

6 tcAC Access Time From CAS - 20 - 20 - 25 ns 8, 13 

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 tcLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

10 to FF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9 

11 tT 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 lOK 70 IOK 80 IOK ns 

14 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

15 tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 tcSH CAS Hold Time 60 - 70 - 80 - ns 

17 tcAS CAS Pulse Width 20 IOK 20 IOK 25 IOK ns 

18 tRCD RAS to CAS Delay Time 20 40 20 55 20 55 ns 13 

19 tRAD 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 IO - IO - IO - ns 

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

23 tRAH Row Address Hold Time IO - IO - IO - 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 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 IO 

30 tRRH Read Command Hold Time referenced to RAS 0 - 0 - 0 - ns IO 

31 twcH 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 tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

35 tcWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

36 tos Data Set-up Time 0 - 0 - 0 - ns 11 

37 toH Data Hold Time 15 - IS - 15 - ns 11 

38 to HR Data Hold Time referenced to RAS 50 - 55 - 60 - ns 

39 tREF Refresh Period - 128 - 128 - 128 ms 

40 twcs Write Command Set-up Time 0 - 0 - 0 - ns 12 

41 tcwo CAS to WE Delay Time 50 - 50 - 55 - ns 12 

42 tRwo RAS to WE Delay Time 90 - 100 - 110 - ns 12 

43 tAwo Column Address to WE Delay Time 60 - 65 - 70 - ns 12 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

45 tcHR CAS Hold Time(CAS Before RAS Cycle) 15 

46 tRPC RAS to CAS Precharge Time 0 

47 tcPT CAS Precharge Time(CBR Counter Test Cycle) 30 

48 tRoH .RAS Hold Time referenced to OE 10 

49 toEA OE Access Time 

50 toED OE·to Data Delay 

51 toEz Output Buffer Tum-off Delay Time from OE 

52 torn OE Command Hold Time 

53 twrs Write Command Set-up Time(Test Mode In) 

54 twrH Write Command Hold Time(Test Mode In) 
t---t--~~-+~~~ 

55 tWRP WE to RAS Precharge Time( CBR Cycle) 

56 tWRH WE to RAS Hold Time( CBR Cycle) 

20 

0 

20 

10 

10 

10 

10 

20 

20 

20 

0 

35 

10 

20 

0 

20 

10 

10 

10 

10 

AC CHARACTERISTICS IN THE TEST MODE Note: 15 

s ~cc;

# ~YJVIBOtl' 

k .···~ 
57 tRc Random Read or Write Cycle Time 

58 tRwc Read-Modify-Write Cycle Time 

59 tpc Fast Page Mode Cycle Time 

60 tpRwc Fast Page Mode RMW Cycle Tir'ne 

61 tRAC Access Time from RAS 

62 tcAC Acce~s Time from CAS 

Access Time from Column Address 

64 tcPA Access Time from CAS Precharge · 

65 tRAS RAS Pulse Width 

66 tRASP RAS Pulse Width(Fast Page Mode) 

RAS Hold Time 

68 tcSH CAS Hold Time 

69 tcAS CAS Pulse Width 

Column Address to RAS Lead Time 

71 tcwo CAS to WE Delay Time 

RAS to WE Delay Time 

73 tAwo Column Address to WE Delay Time 

74 toEA OE Access Time 

75 toEo OE to Data Delay 

76 toEH OE Command Hold Time 
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125 135 

180 190 

45 50 

100 105 

65 

25 

35 

40 

65 lOK 75 

65 200K 75 

25 25 

65 75 

25 lOK 25 

35 40 

55 55 

95 105 

65 70 

25 

25 25 

25 25 

20 

20 

75 

25 

40 

45 

lOK 

200K 

lOK 

25 

30 

0 

40 

10 

20 

0 

20 

10 

10 

10 

10 

155 

215 

60 

120 

85 

85 

30 

85 

30 

45 

60 

115 

75 

25 

25 

ns 

ns 

ns 

ns 

20 ns 

ns 

20 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

85 ns 8, 13 

30 ns 8, 13 

45 OS 8, 13 

55 OS 8 

lOK ns 

200K ns 

ns 

ns 

lOK os 

OS 

ns 12 

ns 12 

ns 12 

25 OS 

OS 

ns 



HY514410AL 1,048,576X 4-Bit CMOS DRAM 

AC CHARACTERISTICS IN THE WRITE PER BIT MODE 

J-IY514410AL ./ r: 
# SYMBOL ~ARAMETER 60 ~ '".70 ~ .. ·•: I 80 UNlT IN~TE .. 

MIN. :MA,X, MIN. MAX. MIN. 1\1AXt' .. 
77 twes Write Per Bit Set-Up Time 0 - 0 - 0 - ns 

78 twBH Write Per Bit Hold Time 10 - 10 - 10 - ns 

79 twos Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns 

80 twoH Write Per Bit Selection Hold Time 10 - 10 - 10 - ns 

NOTES: 

I. lcci. Icc3, lcc4, lcC6• lcc7 depend on cycle rate. 
2. Icci. lcc4 depend on output loading. Specified values are obtained with the output open. 
3. An initial pause of 200µs 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=V1L and CAS=V1H· 
5. Only tRAs(max.)=Iµs is applied to refresh of battery back up but tRAs(max.)=lOµs is applied to normal functional operating. 

6. AC measurements assume tT=5ns. 
7. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vm and VJL· 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 
9. toFF(max.) and toEZ 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. , 
I I. 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• tcwo and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. lftwcs?. twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: IftRwo2.tRwo(min.), tcwo2.tcwo(min.) 
and tAwo2.tAwo(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 tRcoCmax.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : lftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only : lftRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by tAA· 
15. These specifications are applied to the test mode. 

CAPACITANCE 
(TA=·o0c to 70°C, Voo=SV± 10%, f= lMHz) 

SYMBOL PARAMETER .. : 1YP; I' MAX. UNlT, .. 
~ 

C1N1 Input Capacitance(Ao-A9 , Data In) - 5 pF 

C1N2 Input Capacitance(RAS, CAS, WE., OE) - 7 pF 

CouT Output Capacitance(Data Out) - 7 pF 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

~C(1) 

-----....i. 1--------~AS(13)------"" 1 

-tAR(26) 

tcsHC16) 
tcRP(20) 

tRCD(18) ~SH(15) 

4wl(19) 
tcAS(17) 

tASC(24) 
tRAL(27) 

tcAH(25) 

OE 
V1H 

V1L 

W/10 
VoH-

------OPEN---~~--""""v 
VoL- tcLZ(9) 

WRITE CYCLE (EARLY WRITE) 

-tRP(2)-

tcRP(20) 

V1H --------'I. 1-------tRAS(13)--------1 -~P(12)-

RAS 
V1L 

tcRP(20) 
1-------tcsH(16)-+------

tRSH(15) tcRP(20) 

CAS 
V1H tcAS(17) 

V1L 

~-~ 
V1H 

V1L 

__ VIH 

WB.WE 
V1L 

V1H 
OE 

V1L 

V1H 

W/10 
V1L 

3-294 



HY514410AL 1,048,576X4-Bit CMOS DRAM 

WRITE CYCLE (OE CONTROLLED WRITE) 

__ VIH 

WB, WE 
V1L 

V1H 
OE 

V1L 

V1H 
W/10 

V1L 

tcRP(20) 

1-

1-----------tRC(1)------------.. 1 

tRAS(13) 

- tAR(26) ----1 .. 1 

1------tcsH(16) _._ ____ , 

tRCD(18) 

~AH(23) 

COLUMN 
ADDRESS 

tRSH(15) 

foED(50) 

tos(36) -
VALID DATA-IN 

tRP(12) 

tcRP(20) 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

READ-MODIFY-WRITE CYCLE 

A:J-Ag_ 

V1H 

V1L 

V1H 

V1L 

V1H 

WS. WE V 
IL 

V1H 

W/10 

VoH-

VoL-

3-296 

tASR(22) ~AH(23) tASC(24) icAH(25) 

tAWD(43) 

tcWD(41) 

~WD(42) 

ioED(50) 

ioEZ(51) 

icLZ(9) 

tcRP(20) 

icwL(35) 

tRWL(34) 



FAST PAGE MODE READ CYCLE 

V1H 

RAS 
V1L 

CAS 
V1H 

V1L 

Ao-Ag 
V1H 

V1L 

--V1H 
WB. WE 

~ 

W/10 

V1L 

V1H 

V1L 

VoH -

Vol -

FAST PAGE MODE WRITE CYCLE 

__ V1H 

WB. WE Vil 

OE 

W/10 

HY514410AL 1,048,576X4-Bit CMOS DRAM 

4iP(12) 

Ill 
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HY514410AL 1,048,576X 4-Bit CMOS DRAM 

:FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

__ VIH -
WB.WE 

W/10 

3-298 

V1L -

VoH

VoL-

V1L 

~~ 
tpASP(14) ~ ' '.I_ 

7/" 

fcsHC16) . ~P(12) 

tPRWC(4) 
-~SH(15)-~CD(18) 

fcAS(17) - fcPC21) F7' ~ 1--tCRP(20)-. 

(19) \\ ~ ---fcAS(17)- I ~I~ 
~ -fcAS(17)~-v- ~ 

1-: ~Tr) 
fcAH(25) tASC(24) tRAL(27) 

tASR(22) tASC(24) fcAH(25) tASC(22) ~ - 11- + tcAH(25) 

-EL:;±- - 1-~· 

~~ .~/;~ ~~ ~o__;___ 
I ~WD(42) I -1cwn, .. , I tRWL(34)1 

t T 
~2:r tcwoc41) fcwL(35) tcWL(35) tcwoC41) 

1-1--1 ~(35) .. _ 
11 tAWD(43) ~ { tAWD(43) ~ { tAWD(43) J 

tAA(7) I 
1--l 

twP(33) 
1-j 

twP(33) ~33) 
I -

foEAC49) foEA(49) foEA(49) -1---- -1--- -1-----

r\_ If ~ rf~ 
toED(50) 

!ceAca> /"'" !ceAC'' loeoc"'' - - I -r-11 fcAC(6) fcAC(6) fcAC(6) fo 
-1 -1 - EZ(51) 

toEZ(51) I ""'"' ""'"' -·- J lose,., 
tRAC(5) 

I~ toEZ(51) -11 
tosc36> - - I 

toH(37) 

-1~''"~ tos(36) toH(37) 
·-1-~- -

~~ ~ w t- t-

'~ 1--t +- t--' t-

hzCs) OUT hzcs) OUT hzCs) OUT 
---1-. -H- -t-1 

~\ 
i-- ~\ MASK J J~ IN ~1 ~~ 

DATA-IN ~" 'F---1 ~ '" 
·IN-- I 

~ ~ 



HY514410AL 1,048,576X 4-Bit CMOS DRAM 

RAS-ONLY REFRESH CYCLE 

---------'---~c(1)------------1 

tRAS(13) 

tcRP(20) 

tASR(22) tRAH(23) 

-tRP(12)-· 

tRPC(46) -

~i~~ff$#$#$#&ffd0< __ _ 
NOTE : WB!WE OE="H" or "L" 

CAS-BEFORE-RAS REFRESH CYCLE 

-+-----------tRC(1)------------

__ tRP(12)--

1--------~AS(12)-------

V1H 
WE 

V1L 

VoH-
W/10 1~----------------------0PEN------------------------------~ 

VoL -

NOTE : OE Ao-Aq= "H'' or "L" 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

lllDDEN REFRESH CYCLE(READ) 

r-------~Q(1)------- i...------tRC(1)-------

--VIH 
WB.WE 

W/10 

3-300 

VoH -

Vm-

l+---~AS(13)---- 1 _. tRP(12)-+ 
~~~' ·~~~....i. 

tRAS(13) 
+------ tAR(26) -

fcRP(20) tRCD(18) icRP(20) 

1----tRAC(5) _ __._ __ , 
~~~~~~~~~~~~~~...a. 

VALID DATA-OUT 



HIDDEN REFRESH CYCLE(WRITE) 

RAS 

A.J-As 

__ V1H 

WB.WE 
V1L 

OE 

W/10 

tRAS(13) 

tAR(26) 

fcRP(20) tRCD(18) 

·--- -tRSH(15)-

~, 

'"''""' -..... ::1~ """'"' 

fRWL(34) 

twcRC32) 

VALID DATA-IN 

MASK DATA-IN l----toHR(38)----

HY514410AL 1,048,576X4-Bit CMOS DRAM 

~C(1) 

tRAS(13) 

fcRP(20) 
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HY514410AL 1,048,576X 4-Bit CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
VtH -

tRAS(13) 
VtL -

~SH(15) 

CAS 
V1H 1cAS(17) 

V1L 

V1H 
~-Ag 

V1L 

~OH(48) 

1cLZ(9) 

VoH -
W/10 ~------_..._OPEN---------------+-+------<i/ VALID DATA-OUT 

VoL -

WRITE CYCLE 

__ V1H 

WB.WE 

OE 

W/10 

--VtH 
WB.WE 

V1L 

C5E 
V1H 

V1L 

VoH-

VoL-

W/10 

V1H 

V1L -

3-302 

tWRP(55) twRH(56) 

~(7) 

tRWL(34) 

tcWL(35) 

\<wo('3) I 
--tcwoC41)-

~1 
toE0(50) 

~i 
toEZ(51) -

tcwL(35) 

-~P(12)-



HY514410AL 1,048,576X 4-Bit CMOS DRAM 

TEST MODE IN CYCLE 

WB.WE 

W/10 

---------tRC(57)---------

+--tRP(12)-

1-----tRAS(65)------

1cP(21) 

tcsRC44) __ .......,_--.L - -tcHR(45)- _.....,__ _______________ _ 

ioFF(10) 

~~~--~~------------OPEN-------------------~ 
NOTE: OE, Ao-AQ="H" or "L" 
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HY514410AL 1,048,576X4-Bit ·cMOS DRAM 

TEST MODE 

The HY514410AL 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. Aoc is not used. If, 
upon reading, the 8 bits are equal(all Os or ls), 
the 1/0 pin indicates 1. If they were not equal, 
the 1/0 pi~ indicates 0. The following figure 
shows the block diagram of HY514410AL In 
Test Mode, 1MX4 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 ofN test 
pattern. 

Normal 

~ 
512K block 

Test 

Normal 

~ 
Test 

A-H 
K 

L 

A-H 

Normal 

8--o-
Test 

Voo 

Normal · Aoc~ G N~~ ~ ~ _512Kblock~ ~~Test 1103 

Test o---t::ta..5 512K block ~t---.!....1......-jt==:===-~---< ~~ 
H Nonmal 
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HY514410AL 1,048,576X4-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 WJI01 pins is latched onto the write-mask register 
(WMR). When a 'O' is sensed on any of the WJI01 pins, their corresponding write circuits are 
disabled and new data will not be written. 

When '1" is sensed on any of the WJI01 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 
-

At the . falling edge of RAS 
Functi~n 

CAS OE WB/WE WJlOi(i=t-4) 

H 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. 

RAS 

: Write-per-bit timing cycle 

~1 

!'--------' 
I 

"H" 

I 
ROW COLUMN 

W2/I02 ?!j' Enable '(fJ Write "1" ~ 

I ~I~~ 
Wa/103 % Mask 

I 

W4/I04 ':;;J Enable % Write "o" ~ 

1 ~Lwme 
L_ Wn/IOn ="L"···Mask Bit 

WNllOn ="H"··-Write Enable Bit 

Fig-2. : Corresponding bit-map 
Pixel 

-----CRT display------, 

0000000000 
000000@@@00 ® 
00000@0@000 Write"1" 

0000@000000 0 
00 00000 Wrtie"o" 

00000000000 0 
00 00000000 NoWrite 

t W-'10 w· "" 41 4... nte 0 

Wa/103 .. ·No Write(Mosked) 

W2/I02 .. -Write "1" 

W1/I01 ···No Write(Masked) 
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HY514410AL 1,048,576X4-Bit CMOS DRAM 

PACKAGE INFORMATION 

20/26 PIN SMALL OUTLINE J-FORM PACKAGE -300 MIL 

~~~~~~~~~~-r r 

. ~j-~~ 
,..: ,..: ai ai 

----------+--------- ii ii 
i d d d d 

~~ ..... ~i ~~~~i 1 

0.0200(0.5080) 
- 0.0160(0.4064) 

0.0320(0.8128) 
- 0.0260(0_66()4) 

t 
H 
dd n 
dd 

UNIT: INCH(mm) MAX_ 
MIN 

• 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL 

I 
·----------1-·-·----------

i 

~~ 
0.020(0.508). '§ ~ 

-~ r ~"-' 11 d d 1;-050(1.270)BSC · - - _i 

6 t1,, 11 hJ I 4 H H H Ha ,rsASEPLANE 

8 er · ~IL SEATING PLANE 
t::;; ~I. o.679(17.247) "',-.,§ 
...: .-' 0.671 ( 17.043) ~ 

~~ ss 
q~ §§ 
00 dd 
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UNIT : INCH(mm) ~~-

~@ 
~d n 

di~· ~~-~1s~3'h, 'Ll d 

II . n 
- - 0.023(0.584) 0-50 ' 

0.017(0.432) 



HY514410AL 1,048,576X4-Bit CMOS DRAM 

• 20 PIN ZIGZAG-IN-LINE PACKAGE-400 MIL 

, _l 

_,_ ________ j ________ ~ 
-$- I 

g: lF 

! . ! 
µ,: . 

I I 
i i 

0.050(1.2700)-r r-
·-------1.036(26.3144)-----

1.024(26.0096) 

20 

..... 0.120(3.0480) 
0.112(2.8448) 

I~ l~~-1 
ii ~ H ~~ Id ~ ~§ ~~ 
~ . . . ~~ 

. Irr r 
~ 1-l!I-o.S12<0.~) 
d I o.009(0.2286) 

- ·-0.100(2.5400) SSC 
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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 plasti~ 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 TIL 

COLUMN RAS 
CLOCK •-------1 CLOCK 
GENERATOR GENERATOR 

Ai <>--+ COLUMN 
A, <>----. en DECODER 
A2 <>--+ a: 

~ 
Aa o---. u.. 

A. 0---. 
::::> 
CD 

As o-- ~ 
Aoo-- w 

a: MEMORY 
A1-

0 
0 10 ARRAY 

Ao- <( ROW 
Ag()....+ DECODER 

RD/WRITE SENSE AMP 
WE<>--+ CONTRO- 1/0 GATE 

LLER 

OE <>--- OUTPUT 

tt-t----o 1/0o 
I H+-----0 1/01 

1 
ENABLE ~§~ 1/02 

L 1/03 

* Column address(Ao~ As) is trapped in colun. 

address buffer at CAS falling edge. 

1/01 

M181201A-NOV91 

FEATURES 
• LI>w power dis&pation 

- Operating Current, 80 ns : 115mA(max.) 
- TfL Standby Current : 2mA(max.) 
-CMOS Standby Current : lmA(mR) 

•Read-Modify-Write Capability 
•RAS-only, CAS-Before-RAS 

Refresh Capability 
• Common 1/0 capability 
• Fast Page mode capability 
• 1024 refresh cycles/16 ms 

• High reliability 350 mil 28 pin SOJ 
• Fast access time and cycle time (ns) 

:.:c HY524800-70 H\'524800-80 

Max RAS Access 
70 80 

Time, tRAc 

Max CAS Access 
20 20 

Time, tcAc 

Min Fast Page Mode 
45 so 

Cycle Time, tpc 

Min Cycle Time, tRc 130 150 

PIN CONNECTUINS 

Voo 28 Vss 

l/Oo 27 1/07 

1101 26 1/05 
1/02 25 1/05 

1/03 24 1/04 

NC 23 CAS 

WE 22 'OE 
RAS 21 NC 

Ag 20 As 

Ao 10 19 A1 

A1 11 18 A5 

A2 12 17 As 

A3 13 16 ~ 
15 Vss 

SOJ 

PIN NAMES 
RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Ao-Ag ADDRESS INPUT 

l/Oo-1/07 DATA INPUT/OUTPUT 

Voo POWER(+5V) 

Vss GROUND 
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HY524800 524,288X 8-Bit CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

Tsro Storage Temperature 

Voltage on Any Pin Relative to V ss 

Von Voltage on Von Relative to Vss 

los Short Circuit Output Current 

Power Dissipation 

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

RECOMMENDED OPERATING CONDIDONS 
(TA=0°C to 70°C) 

Von Supply Voltage 4.5 

Vm Input Hight Voltage 2A 

Input Low Voltage 0 

NOTE : All voltages are reference to V SS· 

0 to 70 

-55 to 125 

-0.7 to Von 

-0.S to 6.5 

so 
1.0 

5.5 

Von 

0.8 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted) 

.... 

IIul Input Leakage Current(any input pin) 

I Iw I 
Output Leakage Current for 
High Impedance State 

1001 Von Supply Current, Operating 

1002 Von Supply Current, TTL Standby 

Ioo3 
Von Supply Current, 

RAS-only Refresh 

1004 
Von Supply Current, 

Fast page mode 

Ions 
Von Supply Current, 
CMOS Standby 

loD6 
Von Supply Current, 

CAS-Before-RAS Refresh 

VoL Output Low Voltage 

You Output High Voltage 

NOTES: 

: ' /ft(. • ..... ( •. 

·; '1ll;~:1~QWJ11Q:NS 

OV ~ V1N ~ 6.0V, All other 
pin not under test= V ss 

DoUT is disable, 
OV ~VoUT~S.SV 

RAS, CAS, Address 

cycling, tRc=tRc(min.) 

RAS=CAS=Vm 

RAS cycling, CAS = Vm, 

tRc=tRc(min.) 

RAS=Vn., Address 

cycling, tpc=tpe(min.) 

RAS=CAS=Voo-0.2V 

RAS, CAS cycling 

tRc=tRc(min.) 

loL=4.2mA 

Iou=-SmA 

1. 1001 and 1004 depend on output loading, specified values are obtained with the output open. 
2. looi. 1003, 1004 and loD6 depend on cycle rate. 

3-310 

70 

80 

70 

80 

70 

80 

70 

80 

2.4 

oc 

v 
v 

mA 

w 

v 
v 
v 

10 µA 

10 µA 

135 
mA 1, 2 

115 

2 mA 

135 
mA 2 

115 

65 
mA 1, 2 

55 

mA 

135 
mA 2 

115 

0.4 v 
v 



HY524800 524,288X 8-Bit CMOS DRAM 

AC CHARACTERISTICS 
(Ta=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted). NOTES: 1, 2, 3 

I• . •/ • :}. . /•" i •.• •>: "I·'" ··· ·ms14800 ! 
... ····: 

.. 

. SYl\fOOL 
~··· 

~"ll!AR,.\MEIEJ{ ·' 7,,c ,•' $0 •lJ:NIT NOTES 

~ ~ 
::>· ,'\., ;MIN.~~ ~· ,)\fAX: · t:_ .l _i_ .2. 

tRc Random ~ad or Write Cycle Time 130 128K 150 128K ns 1,2 

tRwc Read-Modify-Write Cycle Time 180 128 205 128 ns 1,2,10 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 2 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 90 - 100 - ns 2, 12 

tRAc Access Time from RAS - 70 - 80 ns 3, 4, 5 

tcAC Access Time from CAS - 20 - 20 ns 3, 4, 5 

tAA Access Time from Column Address - 35 - 40 ns 4, 5 

tcPA Access Time from CAS Precharge - 40 - 45 ns 5 

to FF Output Buffer Tum-off Delay 0 15 0 lS ns 7 

1T Transition Time(Rise and Fall) 3 so 3 so ns • tRP RAS Precharge Time so - 60 - ns 

tRAs RAS Pulse Width 70 16 80 16 ns 1, 2 

tRASP 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 20 50 20 60 ns 3 

tRAo RAS to Column Address Delay Time 15 - 15 - ns 6 

tcRP CAS to RAS Precharge Time 10 - 10 - ns 

tcP CAS Precharge Time 10 - 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 

tcAH Column Address Hold Time 15 - lS - ns 

tAR Column Address Hold Time referenced to RAS so - SS - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - ns 

tRcs Read Command Set-up Time 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 

1RRH Read Command Hold Time referenced to RAS 0 - 0 - ns 

twcH Write Command Hold Time lS - 15 - ns 

tWP Write Command Pulse Width lS - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

tos Data Set-up Time 0 - 0 - ns 8 

toH Data Hold Time 15 - 15 - ns 8 

tREF Refresh Period - 16 - 16 ms 

twcs Write Command Set-up Time 0 - 0 - ns 

tcwo CAS to WE Delay Time 45 - 50 - ns 10 

tRWD RAS to WE Delay Time 95 - 110 - ns 10 

tAWD Column Address to WE Delay Time 60 - 70 - ns 10 
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HY524800 524,288X 8-Bit CMOS DRAM 

ff¥5248oo;' T 

• S\'MBQL 1 

•t>AR:AMETER : 70 '< 
•. .:.. lJO\ . UNIT 'Nolis 

\ .... .. 
.:.:. 

MIN. MAX. MIN. MAX. 

tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - ns 9 

tcHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - ns 

tRPc RAS to CAS Precharge Time 0 - 0 - ns 

tROH RAS Hold Time referenced to OE 10 - 10 - ns 

toEA OE Access Time - 20 - 20 ns 4, 5 

to ED OE to Data Delay 15 - 15 - ns 

toEz Output Buffer Tum-off Delay Time from OE - 15 - 15 ns 7 

to EH OE Command Hold Time 15 - 15 - ns 

tWRP WE to RAS Precharge Time(CAS Before RAS Cycle) 5 - 5 - ns 9 

tWRH WE to RAS Hold Time(CAS Before RAS Cycle) 10 - 10 - ns 9 

NOTEs: 
1. 1024 refreshes are required every 16ms. A burst of eight consecutive refreshes are allowed to keep tRAs= 16µs average. A maximum of 128µs between refreshes 

is allowed, however 16ms retention must be met. 
2. All AC timings assume tT(max) = Sns. If the actual tT is greater than tT(max)• then the cycle times need to be greater than that specified by the amount each transition 
· exceeds tT(max)· HY524800 will support a lT up to SOns. The transition time is defined between the V1H and VIL· All timings are referenced to an VIL or 

Vm. 
3. tRCD(max) is .specified as a reference point only. If tRco)tRCD(max) then this parameter is increased by the amount tRCD exceeds tRCD(max)-
4. tRAC• tcAC• tAA and toEA must be satisfied to guarantee access. Please check that all parameters are met for your application. 
5. Access assumes a load equivalent to IOOpF. 
6. tRAo is specified as a reference point only. If tRAO)tRAc-tAA then the access is increased by the difference. 
7. This parameter defines the time at which the output achieves the open circuit and is not referenced to the output voltage levels. 
8. Data In Set up and Holds are measured from the later of falling signal CAS or WE 
9. tcp, tcSR• IWRP• tWRH all need to be valid for CBR users. 

10. A Sns delta is used between Data reaching Hi Impedance and having valid Data In for these numbers. 

CAPACITANCE 
(TA=O, C to 70, C, Voo=SV± 10%, f= lMHz) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C1N1 Input Capacitance (Ao-A9) - 5 pF 

C1N2 Input Capacitance (RAS, CAS, WE, OE) - 5 pF 

Cvo Input/Output Capacitance(Data Input/Data Output) - 8 pF 
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HY524800 524,288X 8-Bit CMOS DRAM 

. TIMING DIAGRAM 

READ CYCLE 
1--------lRc---------... 
•-----IRAS------ .__.(RP---+ 

RAS V1H-

Vil-

le RP 

--4--IRSH --+--
CAS 

V1H- -----......... ----~- --~P------------
Vil-

A-0-A9 
V1H-

Vil-

WE 
Y1H-

Vil-

OE 
V1H-

Vil-

1/0 VoH-
HIGH-Z VALID DATA OUT 

Vol-

WRITE CYCLE 

1/0 

V1l - ~'-'-1.J.J-'-'-"""""""~"-'-"~..__-+---+-----~~'"""""'""""'"""""",._""'""".......,...,.~.......,.......,-..........,.~_.... 

,~tRwL-1 
~: = 111 ll!!J!! /lil/lli1111iJ// ////i/l!f//////jJ////l/j !!!/!!!II 11/iJI 11 /i/Ji/iliA ,,._, 1~1 
~11: =--------~ VALID DATA IN ~-------HIGH-z-------
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HY524800 524,288X 8-Bit CMOS DRAM 

WRITE CYCLE (OE CONTROLLED WRITE) 

•--------IRAS --------1 
V1H-- ~~~~~~--- i-~~~~~----il 

RAS 

CAS 

~-A9 

WE 

OE 

Vil--

V1H--

Vil--

V1H--

Vil--

V1H--

Vil--

V1H--

Vil--

lcAP _ ... 

l\J""l----IAR----1•1 

1-------lcSH--+-------1~1 

-lcRP~ 

1/0 V1H--

Vil--

~!;_1 -"'"-L, 
__ ),__-W//1174f:vALIDDATAIN fl/lll/l/J!///Ji/l/J///lllJ//J/fW 

READ-MODIFY-WRITE CYCLE 

RAS 
V1H--

Vil--

CAS 
V1H--

Vil--

~-A9. 
V1H--

Vil--

WE 
V1H--

Vil--

OE 
V1H--

Vil--

1/0 
V110H--

V11ol-

3-314 

ICAP 

1.--------------IRwc---------------

---IAR 

l-----------+--lcsH------------1 

- IRCD ___,,,___ .... 

..,.1----lcwo------.1 

----+-----+--IAWD ---------t•I 

-IAA-
1 IOEA ..... 

lorn --

ICAP 



HY524800 524,288X 8-Bit CMOS DRAM 

FAST PAGE MOD.E--READ CYCLE 

.... ---------"-~-----!RAS ~~~~~~~~~~~----1~1 

PxJ-Ag V1H --

V1l --

WE 
V1H--

Vil--

OE V1H--

Vil--

1/0 VoH -

Vol --

----.11 

.... ---!AR-

FAST PAGE MODE WRITE CYCLE 

WE 
V1H--

V1L--

OE V1H --
V1L--

1/0 
V1H--

Vil--
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HY524800 524,288X 8-Bit CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V1H 

IRASP 

V1L 

.,. ___ \csH 

CAS 
V1H 

V1L 

A<J-Ag V1H 

V1L 
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HY524800 524,288X8-Bit CMOS DRAM 

RAS-ONLY REFRESH CYCLE 
1-----IRc-----I 

V1H -
RAS l"----IRAS---•111 

Vil -

CAS 
V1H -
Vil -

Ao-A, ~:: =ll !Ill~~~~~///// $11111/ !II////// !11 /////II$ __ _ 
NOTE: OE and WE ="H'' or "L" 

CAS-BEFORE-RAS REFRESH CYCLE 

RAS V1H -

Vil - -- .. IRPC .. 

Vil----

lwRP lwRH 

WE ~:: = l//J//J/J!lll;)-- ._W!/@ll#!!J/l//IJ//Ji/////!ll!!l//!lll//$.l!ll 

1/0 
VoH-

>---------HIGH-Z-----
Vol----

NOTE : OE and Ao-A9: "H'' or "L" 
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HY524800 524,288X 8-Bit CMOS DRAM 

DEVICE OPERATION 

POWER ON/INITIALIZATION/POWER OFF 
After V cc stabilizes, a pause of at least 500 

microseconds is required before initialization 
begin. During this interval, RAS must be inac
tive() Yiu). a minimum of 8 cycles are required 
to initialized the device. these must be either 
RAS-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 AAS going inactive. 

The Column Address(Ao ......... 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 Vm 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 OE, 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. 

IfWE is high when CAS falls, a Read opera
tion is performed, and the OE 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 Out 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/0 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 512KX8 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 : 
I. Refresh occurs whenever RAS is selected; eg, Read or Write. 

HY524800 524,288X8-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 (Ao
A9) must be provided to the device. 

ACAS-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 

_j .864-1.067 

.034-.042 

.LI .381-.508 
.015-.020 
.584-.711 

.023-.028 

16.5 

.650 

18.29-18.69 

.720-.735 

9.65-9.91 
.380-.390 
8.76-9.02 
.345-.355 

T (0 M 
" 0 1· 1· 
~ ID 
0) ~ 
~ q 

7.62-8.64 
.300-.340 

mm 
UNIT: INCH 

1 I 
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DESCRIPTION 

The HYM5C8256M is a 256K words by Shits 
dynamic RAM module and consists of eight 
HY53C256LF Fast Page mode CMOS DRAM 
in 18 pin PLCC package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22µF de
coupling capacitors are mounted under all the 
256K DRAMs. 

HYM5C8256M is suitable for easy inter
change and addition of 256K bytes memory. 

BLOCK DIAGRAM 

Ao-Aa 0-----1~----------. 

RAs u---.-1---------~ 

GAS V---1~1---------~ 

WE U----+-+-+--------

DOo 

oo, 

M411202C-JAN92 

FEATURES 

• Fast Page Mode operation 
• Fast access time 

' ( ,',/ . ' 

(RAC ' f('A(' 
v 

ti><· .' I·· , .. ·..::.:. 

HYMSC8256M-70 70 IS so 
HYMSC8256M-80 80 20 SS 

HYMSC8256M-10 100 25 60 

HYMSC8256M-12 120 30 70 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operating 

3.08W max. (HYM5C8256M-70) 
2.64W max. (HYM5C8256M-80) 
2.20W max. (HYM5C8256M-10) 
l.98W max.(HYM5C8256M-12) 

• TTL compatible inputs and outputs 
• 256 refresh cycles I 4ms 

PIN NAMES 

Ao-Aa ADDRESS INPUTS 

D00-D01 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBES 

WE WRITE ENABLE 

Voo POWER(+SV) 

Vss GROUND 
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HYM5C8256 262,144X 8-Bit CMOS DRAM MODULE . 

PIN CONNECTIONS 

HYM5C8256M 

0 
Voo (1) D CAS (2) 

DOo (3) 

A-0 (4) 

D Ai (5) 

D01 (6) 

A2 (7) 

D A3 (8) 

Vss (9) 

002 (10) 

A4 (11) D As (12) 

~ (13) 

As (14) 

D A1 (15) 

D~ (16) 

As (17) 

NC (18) 0 NC (19) 

OOs (20) 

WE (21) 

D Vss (22) 

006 (23) 

NC (24) 

007 (25) 0 NC (26) 

RAS (27) 

NC (28) 

NC (29) 

Voo (30) 

0 

NOTES: 
I. Common CAS control for eight data·in and data-out lines (DQo·DQ7). 
2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out ( DQo·DQ7 ). 

4-2 



HYM5C8256 262,144X 8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

'SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature 

V1N, Vour Voltage on Any Pin Relative to V ss 

Von Voltage on Von Relative to Vss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA =0°C to 70°C) 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 
g, 

SYMBOL PARAMETER MIN. TYP. MAX~ 

Yon Supply Voltage 4.5 5.0 5.5 

Vrn Input High Voltage 2.4 - Von+l 

V1L Input Low Voltage -1.0 - 0.8 
NOTE : All voltages are reference to V ss. 

DC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 
HYM5C8256M 

MIN. MAX. 

I Iu I Input Leakage Current(any input pin) Yss ~ V1N ~Von - 80 

I Iw I 
Output Leakage Current for Vss ~ Dour ~ Von 

IO 
High Impedance State RAS, CAS at V rn -

-70 - 560 

-80 - 480 
lnDJ Von Supply Current, Operating tRc=tRc(min.) -IO 400 -

-12 - 360 

Inm Von Supply Current, TIL Standby 
RAS, CAS at Vrn 

16 
other inputs :;:.; V ss -

-70 - 560 

Von Supply Current, -80 480 
Inm RAS-only Refresh 

tRc=tRc(min.) 
-IO 400 

-12 360 

-70 360 

V oo Supply Current, -80 320 
1004 

Fast Page Mode 
Minimum Cycle 

-IO 280 

-12 240 

Von Supply Current, RAS :;:.; Voo-0.2V, CAS= 
8 I nos CMOS Standby Vrn, other inputs :?: Yss 

-70 560 

Yoo Supply Current, -80 480 
1006 CAS-Before-RAS Refresh 

tRc=tRc(min.) -IO 400 

-12 360 

VoL Output Low Voltage loL=4.2mA 0.4 

VoH Output High Voltage lott=-5mA 2.4 

NOTES: 
I. loo is depends on output loading when the device output is selected, Specified loo(max.) is measured with the output open. 

UNIT 

oc 
oc 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1, 2 

mA 

mA 2 

mA 1, 2 

mA 1 

mA 2 

v 
v 

2. loo is depends upon the number of address transitions. Specified I no( max.) is measured with a maximum of two tni'nsitions per address cycle in 

fast page mode.! 
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HYM5C8256 262,144X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
C.TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

I tRAs RAS Pulse Width 70 IOK 80 IOK 100 IOK 120 IOK OS 

2 tRC Read or Write Cycle Time 130 14S 17S 20S OS 

3 tRP RAS Precharge Time so SS 6S 7S ns 

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

s tRAH Row Address Hold Time IS IS IS 20 OS 

6 tRAL Column Address to RAS Lead Time 3S 40 4S SS OS 

7 tRAD RAS to Column Address Delay Time 20 3S 20 40 20 SS 2S 6S OS .I 

8 tASC Column Address Set-up Time 0 0 0 0 OS 

9 le AH Column Address Hold Time IS IS 20 25 OS 

IO tRCD RAS to CAS Delay 2S SS 2S 60 2S 7S 30 90 OS 2 

11 tRAC Access Time from RAS 70 80 100 120 OS 3,4,S 

12 lAA Access Time From Column Address 3S 40 4S SS OS 5,6,12 

13 le AC Access Time from CAS IS 20 2S 30 OS S,12 

14 le AS CAS Pulse Width IS 7SK 20 7SK 2S 7SK 30 7SK OS 

IS tRSH RAS Hold Time IS 20 2S 30 OS 

16 tRCS Read Command Set-up Time 0 0 0 0 OS 

17 tRCH Read Command Hold Time Referenced to CAS s s s s ns 7 

18 tRRH Read Command Hold Time Referenced to RAS s s s s OS 7 

19 lcRP CAS to RAS Precharge Time IS IS IS 20 ns 

20 lo FF Output Buffer Tum Off Delay 0 IS 0 20 0 2S 0 30 OS 8 

21 twp Write Command Pulse Width IS IS 20 2S OS 

22 lcP CAS Precharge Time IS lS 20 2S ns 

23 lAR Column Address Hold Time From RAS SS 60 70 80 OS 

24 twcR Write Command Hold Time From RAS SS 60 70 80 OS 

2S twcs Write Command Set-up Time 0 0 0 0 OS 9,10 

26 twcH Write Command Hold Time IS IS 20 2S OS 

27 tos Data In Set-up Time 0 0 0 0 ns II 

28 toH Data In Hold Time IS IS 20 2S OS II 

29 to HR Data In Hold T~me Reference to RAS SS 60 70 80 OS 

30 lcPA Access Time from CAS Precharge 4S so SS 6S OS 12 
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HYM5C8256 262,144X 8-Bit CMOS DRAM MODULE 

PA~ETER 
/£_.<. ~ L~ 

31 tPC Fast Page Mode Cycle time 50 55 60 70 ns 

32 tRWL Write Command to RAS Lead Time 20 25 30 35 ns 

33 lcWL Write Command to CAS Lead Time 20 25 30 35 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

35 tcsR CAS Set-up Time, CAS before RAS Refresh 10 10 10 10 ns 

36 le HR CAS Hold Time, CAS before RAS Refresh 20 25 30 40 ns 

37 h Transition Time(Rise and Fall) 3 25 3 25 3 25 3 25 ns 

38 tREF Refresh Interval(256 cycle) 4 4 4 4 ms 

NOTES: 

1. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a referenced point only. IftRAD is greater than the specified 

tRAD(max.) limit. then the access time is controlled by tAA and tcAC· 
2. Operation within the IRcD(max.) limit insures that IRAc(max.) can be met. IRcD(max.) is specified as a reference point only. If tRCD is greater than the specified 

IRCD(max.) limit, then the access time is controlled by tcAC· 
3. Assume 'RAD s IRAD(max.). If IRAD is greater than IRAD(max.) then 'RAC will increase by the amount that 'RAD exceeds IRAD(max.) 
4. Assume IRCD s IRcD(max.). If IRCD is greater than tRcD(max.) then 'RAC will increase by the amount that IRCD exceeds IRcD(max.) 
5. Measured with a load equivalent to two TTL loads and 100 pF. 

6. Assumes that IRCD 2 IRcD(max.) and IRAD s IRAD(max.), 
7. Assumes that IRCD s IRcD(max.) and tRAD :L tRAD(max.). 
8. Either IRRH or IRCH must be satisfied for a read cycle. 
9. toFF define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

10. twcs is not a ristrictive operating parameter. This is included in the data sheet as a. electrical characteristic only. If twcs ~ twcs(max.). the cycle is an early 
write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 

11. IDS and toH are referenced to the latter occurence of CAS or WE 

12. Access time is determined by the longer of IAA, tcAC• tcPA. 
13. l'f is measured between Vrn(min.) and V1L(max.). 
14. AC measurements assume ty-=5ns. 
15. An initial pause of 200µs is required after power-up and followed at least 8 initialization cycles(any combination 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, VDD=SV+10%, Vss=OV, unless otheiwise noted 

Input Capacitance(Ao-As, WE, CAS, RAS) 55 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) 15 pF 
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HYM5C8256 262,144X 8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

1------------------ IRC(2) ________________ ...,. 

RAS 
V1H-

Vtl -

l,._--------fAR(23) -------

fASR(4J - -fRAH(5)-

Ao-As 
V1H-

V1L-

CAS 
V1H-

V1L-

V1H-

WE V1L-
-tCAC(13)-

-IAA(12)-

VALID DATA OUT 

i+---------fRAC(11)--------11.--+-------------..J 

VoH - ~---+-------HIGH-z--------~ 
VoL -

EARLY WRITE CYCLE 

l-------------'--------fRC(2)----------------1 

" 1·------------fRAS(1)----------•IJI 

l---------IAR(23)--------1 

fASR(4) - -IRAH(5)-

ROW ADDRESS COLUMN ADDRESS 

i..------!RCD(10)------+ 

V1H - twcH(26) -V1L - .............. '"'""'-'-t""-""-"'-'~-'-""-~~..J,,;.:i'i---+-t---'"f-'-l....L...t...'-J.:...L..J...L.J.:...L...l....J....t-'-1....1...i....~~..J.."'-

V1H

DO 
V1L- .......... '-'-'-"""1 ..... '-'-'--'-"'-'-oj'-"' ..... ~fJ·l------------ir'(...1..L.J....L..t-'-l....l...L..'--'-'--'--L.i.:...L..J...t-(..J....I..~ 

1~--------fOHR(29)-------< .. I 
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HYM5C8256 262,144X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

-------------tRAS(1) 

V1H-
A.J-Aa Vil-

V1H-
WE V1L-

Dour 
VoH-
Vm-

FAST PAGE MODE EARLY WRITE CYCLE 

CPS 
V1H-

V1L -

A.J-Aa V1H-

V1L --

WE V1H-

lRP(3) -

V1L -- ........................... -t-t ... -+-~~ ..................... ~ ........... -"""" .............................................. -M--~_._ ........... """4 ........... -.. ............. _ 

V1H - .,..,"""'_,..~~Ji-----~ 

V1L-
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HYM5C8256 262,144X 8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1---------------IRcc21--------------... 1 

•----IRP(31-

V1H - ---...i , .. o------------IAAS(1)---------I i--------~ 

V1L-

IASR(4) - - IRAH(5)-

Ao-Aa ROW ADDRESS 

DO VoH- ------------------HIGH-z-----------------
VoL-

CAS-BEFORE-RAS REFRESH CYCLE 

DO 

4-8 

VoH

VoL-

•-------IRAS(1)-------i~• 

-IRPC(34)-

lcP(22) 
~ -ICHR(36)-

-)'_~·~ -
~ HIGH·Z---------------



HYM5C8256 262,144X8-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

-tRP(3)-
VIH- ____ , ,-------lRAS11;------1•1 1J1-----"1 '4------IAAS(1J-----

V1L --

lcRP(19) 
-lACD(10)--- -IRSH(15)- lcHA(36)-

V1H--

CAS 
V1L-

IASC(BI -
lRAL(6)-

-IFJAD(7)-

lASR(4) - lAAH(S) - - lcAH(9) 

V1H-

Ao-As 
V,L-

IAR(23) 

V1H-

WE 
VIL -

- lcAC(13) 

lAA(12) 

IRAC(11) • ·oa VoH-
HIGH-Z VALID DATA OUT 

VOL -

HIDDEN REFRESH CYCLE (WRITE) 

l'4------IRAS111-----

V1H - -----...i 
V1L-

I ------IAR(24)~f------.1 

IASC(B) 

IASR(4) - -- IAAH(S) ...._. +-lcAH(9)-

- lwCH(26) 

V1H 

WE 
V1L 

loS(27) -
V1H-

D1N V1L-

IOHA(29) 

VoH-
HIGH-Z DQ 

Vol-
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HYM5C8256 262,144X·8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-----....i 

V,L-

-----------IRAS(1)----------

tcsR(35) l------IRSH(15)----+ 

- -tcHR(3S)- -tcPT1122)- tcAS(14)-

READ CYCLE 
-tCAC(13)-

VALID DATA OUT DQ 
VoH_ 

----------------------------------H------'(I Vm-

-IRCS(16)- -tRRH(18) 

V1H - ---.....,--_.,...,......,._...,...,,....._.,_ ______ .j..p.. _______________ +-_----,...,..,...,~,..,. 

V1L -- ~"'""""'"""""-'""""""'"'-'1""""'"""'-"-""""-".......i ....... "" 

+---IRCH(17)-

WRITE CYCLE 

V1H - __________ ...,...,_ 

V1L - '-..J...l..l..l..l..k.J.:..L.,,jU.,.""'-'-1-.l..l...t../..J-A~~~------++--------"lll~"-'-""""'*-'-........ """"'""-''""""'""""'"""""""""-

DQ 
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HYM5C8256 262,144X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM5C8256M 

3.38 - 82.14 

* DETAIL OF CONTACTS 

0.25MAXl o o o 
1 

UNIT: mm 

-.--
1.27±0.08 
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•tl y u ND A I H¥MS82SfiA 
SEMICONDUClOR 256K x 8-Bit {'MOS DRAM MODLJliJE 

DESCRIPl10N 
The HYM58256AM is a 256K words by Shits 

dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY534256J 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS8256AM is suitable for easy inter
change and addition of 256K bytes memoiy. 

BLOCK DIAGRAM 

,....._ 
v ~J 

..., ~ 

256KX4 
~ '-' 

'-'" ~ 

OE 

~ 

.....__ .r.. 
~ 

'-' 

256KX4 
~ 

-0 

OE 

~ 

DOo 

oo, 

005 

M451201 B-OCT91 

FEATURES 
•Fast Page Mode operation 
• Fast Access Time 

lfYl\158256A-60 60 

lfYl\158256A-70 70 

lfYl\158256A-80 80 

lfYl\158256A-10 100 

• Single power supply of 5V ± 10% 

20 40 

20 40 

25 45 

25 55 

• CAS Before RAS. RAS only, Hidden Refresh. 

• Low power operating 
0.99W max (HYM58256AM-60) 
0.88W max (HYM58256AM-70) 
0. 77W max (HYM58256AM-80) 
0.66W max (HYM58256AM-10) 

• 1TL compatible inputs and outputs 
• 512 refresh cycles I 8ms 

PIN NAMES 
Pv:J·Aa ADDRESS INPUT 

DOo·D01 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM58256A 262,144X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

HYMS82S6AM 

Voo (1) D 
0 

CAS (2) 0 
DOo (3) 0 
A.:; (4) 0 
Ai (5) 0 
D01 (6) 0 
A2 (7) 0 
A3 (8) 0 
Vss (9) 0 
D02 (10) 0 
A4 (11) 0 
A5 (12) 0 
DQ3 (13) 0 
A5 (14) 0 
A1 ( 15) 0 
D~ (16) 0 
Aa ( 17) 0 
NC (18) 0 
NC (19) 0 
005 (20) 0 
WE (21) 0 
Vss (22) 0 
005 (23) 0 
NC (24) 0 
D01 (25) 0 
NC (26) 0 
RAS (27) 0 
NC (28) 0 
NC (29) 0 
Voo (30) 0 

0 

NOTES: 

I. Common CAS co~trol for eight data-in and data-out lines(DQ0DQ7). 

2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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HYM58256A 262,144 X 8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING 

TA Ambient Temperature 0 to 70 

TsTG Storage Temperature(Plastic) -55 to 125 

VIN, VoUT Voltage on Any Pin Relative to V ss - l.O to 7.0 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA =0°C to 70°C) 

SYMBOL PARAMETER MIN. TYP. 

Yoo Supply Voltage 4.5 5.0 

Vrn Input High Voltage 2.4 -

VIL Input Low Voltage -1.0 -

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDffiONS SPEED 
,, 

I Iu I Input Leakage Current(any input pin) Vss.::;;. V1N ~ Yoo 

I Iw I 
Output Leakage Current for Vss:::;;. DoUT:::;;. Yoo 
High Impedance State RAS, CAS at Vm 

-60 

1001 V DD Supply Current, Operating tRc = tRcCmin.) 
-70 

-80 

-10 

1002 Yoo Supply Current, TIL Standby 
RAS, CAS at Vrn 
other inputs L V ss 

-60 

V oo Supply Current, 
tRc = tRc(min.) 

-70 
1003 RAS-only Refresh -80 

-10 
t----· 

-60 

V DD Supply Current, 
Minimum Cycle 

-70 
Iot>4 Fast Page Mode -80 

-10 
r----· 

V DD Supply Current, RAS L Voo-0.2V, CAS= 
Ious CMOS Standby Vm, other inputs L Vss 

r------
-60 

V oo Supply Current, tRc=tRc(min.) 
-70 

Irnx. 
CAS-Before-RAS Refresh -80 

-10 
f-----

Vo1. Output Low Voltage loL=4.2mA 
f---· 

~-'-'-·-· Output High Voltage lott=-5mA 

NOTES: 

50 

1.2 

MAX. 

5.5 

Voo+l 

0.8 

HYM58256AM 

MIN. MAX. 

20 

10 

180 

160 

140 

120 

4 

180 

160 

140 

120 

140 

120 

100 

80 

2 

180 

160 

140 

120 

0.4 

2.4 

I. loo is dependent on output loading when the device output is selected, Specified Ioo(max.) is measured with the output open. 

UNIT _:_:_ 

oc 
oc 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1, 2 

mA 

mA 2 

mA 1.2 

I 

mA 

mA 2 

v 
v 

2. I DD is dependent upon the number of address transitions. Specified loo( max.) is measured with a maximum of two transitions per address cycle in fast page mode. 
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HYM58256A 262,144X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

# SYMBOL PARAMETER 

1 tRAs RAS Pulse Width 60 8SK :70 8SK 80 8SK 100 8SK ns 

Read or Write Cycle Time 120 130 lSO 180 ns 

RAS Precharge Time so 60 600 70 ns 

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

S tRAH Row Address Hold Time 10 10 10 10 ns 

Column Address to RAS Lead Time 30 3S 40 so ns 

7 tRAD RAS to Column Address Delay Time 20 40 20 so 2S 60 2S 7S ns 

8 tASC Column Address Set-up Time 0 0 0 0 ns 

9 tcAH Column Address Hold Time lS lS lS 20 ns 

10 tRcD RAS to CAS Delay 20 40 20 so 2S 60 2S 7S ns 2 

11 tRAc Access Time from RAS 60 70 80 100 ns 3,4,S 

12 tAA Access Time from Column Address 30 3S 40 SO ns S,7 

13 tcAC Access Time from CAS 20 20 20 2S ns S,6 

14 tcAs CAS Pulse Width 20 20 2S 2S ns 

1 S tRsH RAS Hold Time 20 20 20 2S ns 

16 tRcs Read Command Set-up Time 0 0 0 0 ns 

17 tRcH Read Command Hold Time Referenced to CAS 0 0 0 0 ns 8 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 0 ns 8 

,_1_9-+-_tc_RP_-+-C_A_S to RAS Precharge Time S s S S ns 

20 tHz CAS to Output High Impedance 0 20 0 20 0 2S 0 30 ns 11 

21 tWP Write Command Pulse Width lS lS lS 20 ns 

22 tcP CAS Precharge Time 10 10 10 10 ns 

23 tAR Column Address Hold Time from RAS SO SS 60 7S ns 

24 twcR Write Command Hold Time from RAS SO SS 60 7S ns 
-------t--~i----i------t---t----t---i---;----t---t-----1 

25 twcs Write Commnad Set-up Time 0 0 0 0 ns 9 

26 twCH Write Command Hold Time lS 15 lS 20 ns 
t------+------r-------------------t---+----t--t----t----t---+----t--+---+----1 

27 tos Data In Set-up Time 0 0 0 0 ns 10 

28 toH Data In Hold Time lS 15 lS 20 ns 10 
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HYM58256A 262,144X8 .. Bit CMOS DRAM MODULE 

29 toHR Data-In Hold Time Referenced to RAS so SS 60 7S ns 

30 tcPA Access Time from Column Precharge 3S 3S 40 so ns 12 

31 tpc Fast Page Mode Read or Write Cycle time 40 40 4S SS ns 

32 tRWL Write Command to RAS Lead Time 20 20 20 25 ns 

33 tcwL Write Command to CAS Lead Time 20 20 20 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

3S tcsR CAS Set-up Time(CAS Before RAS Cycle) s s 5 s ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) lS lS lS 20 ns 

37 h Transition Time(Rise and Fall) 3 so 3 so 3 so 3 so ns 13 

38 tREF Refresh Interval(S12 Cycle) 8 8 8 8 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 60 100 70 lOOK 80 IOOK 100 lOOK ns 

40 tcPT CAS Precharge Time(CBR Counter test cycle) SS 6S 70 8S ns 8 

41 tcLZ CAS to Output Low Impedance 0 0 0 0 ns 

NOTES: 
I. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only. If tRAo is greater than the specified 

tRAo(max.) limit, then the access time is controlled by IAA and tcAC· 
2. Operation within the IRcoCmax.) limit insures that IRAc(max.) can be met. IRco(max.) is specified as a reference point only. IflRCD is greater than the specified 

IRcoCmax.) limit, then access time is controlled by tcAC· 
3. Assume IRAD _s_ IRAo(max.), If tRAD is greater than IRAo(max.) then IRAC will increase by the amount that IRAD exceeds IRAD(max.)-
4. Assume IRCD _s_ IRcoCmax.), If IRCD is greate~ than tRcoCmax.) then IRAC will increaes by the amount that IRCD exceeds IRcoCmax.). 
5. Measured with a load equivalent to two TTL loads and IOOpF. 

6. Assumes that tRCD 2. tRcoCmax.) IRAD _s_ IRAo(max.). 
7. Assumes that tRco _s_ tRco(max.) and tRAD _s_ IRAo(max.). 
8. Either IRRH or IRCH must be satisfied for a read cycle. 
9. twcs is not restrictive operating parameters. This is included in the data sheet as electrical characteristics only. If twcs 2. twcs(min), the cycle is an early write 

cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. 

IO. tos and Iott are referenced to the latter occurence of CAS or WE. 
11. lttz 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, tcAC or tcPA· 
13. IT is measured between Vm(min.) and V1L(max.) and AC Measurements assume IT=Sns. 
14. An initial pause of 200µs is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS

only Refresh). 8 initialization cycles are required after extended periods of bias without clocks. 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) 

SYMBOL 

Input Capacitance(Ao-As, WE, CAS, RAS) 20 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) lS pF 
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HYM58256A 262,144X8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

RAS 
VrH-

VrL -

VrH--
Ao-As VrL-

CAS 
VrH-

V,L-

VrH-
WE VrL-

,------------------- lRc121-----------------

l---------lARi23J -------
l~·------------IRAS111----+-------

4-·-1CASl141--+ 

-tcAc113,-1 

.,.___tAAr121~ 

lcLZ1411l -- IHZ1201 
tHAC1111-----'---~-+ J..-'----------....1.---.J 

VoH -----+-------HIGH-Z--------1.1 DQ VALID DATA OUT 
Vm-

EARLY WRITE CYCLE 

1------------------IRc121----------------

"' 1'------------IRAS111----------•l.ll 

i---------lARi23J-----

COLUMN ADDRESS 

lASCIBI 1-- - lcAHl9J -

l..------tRCDJ10J--

V1H-

V1L ~""""-'--'-"'-'--',...""""'-'--'--i-"'-'-'......:-J...J..~-......j-+---~F-'-'--'-.l....'-i.~...i....1.-L...'-...'-i.~-'-J....l-i.....'-'.~.J..~ 

VrH-

DQ v,L - -'-""-"'-"-''--'..,.--'--i-"'-"-'-'~-'--'--i-'-"' ,.._ _____ ilf: ...................... ""-""-' ...... -'--'-"'-"-'"-'""""'-'-""-"-''-'-'-

lDHR1291----
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FAST PAGE MODE READ CYCLE 

A.J-As 

DO 

V1H-
V1L -- _____ .._ 

VoH-

Vm -

HYM58256A 262,144X 8-Bit CMOS DRAM MODULE 

ICLZ(41) 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

v,l 

Ao-As 
V1H-

vu-

V1~1 - ~~'"'7"'.,...L..11~----"'.!I. 

V11 --
DO 
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HYM58256A 262,144X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l.._---------------IRc121---------------1 

•----IAP\31-

V1H - ---...i 1·-----------IRAS111---------~1 
~IL-

IASR1•1 - - IRAH(5)-

ROW ADDRESS 

VoH-
DO ---------------------------HIGH-z-----------------------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

DO 

4-20 

VoH

VoL-

1.._-------IRASPl--------o•1 

-tRPC(34J-

ICPl22) lcSRi35: 
·- _ .. -tcHR(36)-

-j'_HZi20J -

~ HIGH-Z-------------------------



HYM58256A 262,144X 8-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DO 

V1H- ----1 
V1L-

-IRPi31-
-·----IRAS11i------l .. I l~-----~I 1.------IRAS111-----1 

V1H-

lcRP(191 
- -IRCDi10J- -tRSHi15J-

IRAH(5) 

IASR(41- -

IASCiSJ-

IRAU6J-

- lcAHi9J 

l4-----ICHR1J61-

V1H - ~~_,..~.,...T""T""T"".,..-tr--+----+----------.+-.,..,...,...,...,..,....,...,..,...,.~..,...,...,...,...,...,.....,..,...,....,..'P""l,..._ 

V1L - ........... .._._....,. ..... __ 

- lcACi13J 

1-----+----- IAA1,21 

VoH -- ---HIGH-z------wi 
Vol -

VALID DATA OUT 

HIDDEN REFRESH CYCLE (WRITE) 

·------- IRAS11i----· ------IRAS111-----1 
V1H _____ _, 

•------lcHRt36J-

-----IAR(241--l---l----1 

IASCi8) 

IASR(4\ - - IRAH(5) - +--ICAH(9) ... 

Ao-As 

-IWCH(26) 

V1H - ___ ...,. __ ...,_.,......,._ ... ~----------1 ,..,.._..,...,..,_.,.....,...,..._.,.......,..,.......,...,._.._..,...,..,..,.. .... ..,.._ 
DO V1L -~.l..J.~l..J...l...f..l..J../.~'-'11~---------~'""'J..,,/,:..L,l-J.J..J.:.L.'-l-.J...1.-'-l..J...L.l...r..J..J...'-l-.J...l...l..A:.L..1-1...1....~ 

1--------IDHR(29) -----1 
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HYM58256A 262,144X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

•-----------IRAS!ll-----------1 

V1H- -----i 
VIL-

ICSRi35; 1+-----IRSHi15J----...a. 

- -
1
CHRiJ

61
- -tcPTr40)- ·-------tcAS11•1-

~-As 

READ CYCLE 

DQ VALID DATA OUT 

-IRRH(18J 

V1H - __ _...._ __ .,.........,_.,...,........,..,...,....,....,...~----+ ..... ----------f----..,..,....,..,.-,_, 
V1L - ~J...f..-'-1."""-~"-'-...... ...t..J...._.lo..'-~-...., 

,.__IRCHi17)--

WRITE CYCLE 

""""' 1:-- los1271- -loH12a1-{/7 

DQ ~~=/J/11/!ll!Ji//lll!lll/4 VALIDDATAIN fl!llllld$1/i//l///I/ 
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HYM58256A 262,144X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM58256AM 

<!>3.18~· 

i~ 
16.5MAxT 

11016 

' ' 
2.03-

88.9 .... 
~ l 

82.14 

I I 

b~ [:: ::J c:: ::J ~ 
~ !•35 DOOODDDDDDOOOOOODOOOOODOOOODOO~ 
~ 
5.59 -

-11-
2.54 

73.66 

* DETAIL OF CONTACTS 

0.25MAXl no o 
l 

-11-
1.78MAX .. 

UNIT: mm 

SF 
i~ -o 

i~-11-
1.27± 0.08 
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DESCRIPTION 

The HYMSC9256M is a 256K words by 9 bits 
dynamic RAM module and consists of nine 
HYS3C256LF Fast Page mode CMOS DRAMs 
in 18 pin PLCC package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22µF de
coupling capacitors are mounted under all the 
256K. DRAMs. 

HYMSC9256M is suitable for easy inter
change and addition of 256K bytes memory 
with parity RAM. 

BLOCK DIAGRAM 

Ao-As v--~t----------~ 

AAs u---.-r-------------, 

CA5 v-----1~t---------~ 
WE u--.-t-+-+-----'-------~ 

FEATURES 

• Fast Page Mode operation 
• Fast access time 

-, r -,;; r 

!r !~(:, ___ k"°c' tpe . 
\'. ... 

-"-
HYM5C9256-70 70 15 50 

HYM5C9256-80 80 20 55 

HYM5C9256-10 100 25 60 

HYM5C9256-12 120 30 70 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only,- Hidden Refresh. 
• Low power operating 

3.47W max.(HYM5C9256M-70) 
2.97W max.(HYM5C9256M-80) 
2.48W max.(HYM5C9256M-10) 
2.23W max. (HYM5C9256M-12) 

• TIL compatible inputs and outputs 
• 256 refresh cycles I 4ms 

PIN NAMES 

A:J-As ADDRESS INPUT 

D00-D07 DATA INPUT/OUTPUT 

PD DATA IN PARITY 

PO DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM5C9256 262,144X 9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

HYM5C9256M 

0 
Voo (1) D CAS (2) 

DOo (3) 

~ (4) 

0 Ai (5) 

D01 (6) 

A2 (7) 

0 AJ (8) 

Vss (9) 

002 (10) 

A4 (11) 0 A5 (12) 

D03 (13) 

As (14) 

0 A1 (15) 

D~ (16) 

Aa (17) 

NC (18) 0 NC (19) 

D05 (20) 

WE (21) 

0 Vss (22) 

005 (23) 

NC (24) 

D07 (25) 0 PO (26) 

RAS (27) 

PCAS (28) 

D PD (29) 

Voo (30) 

0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQo-DQ,). 
2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out(DQo-DQ
7

). 
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HYMSC9256 262,144X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature 

V1N, Vmrr Voltage on Any Pin Relative to V ss 

Voo Voltage on Voo Relative to Vss 

Ios Short Circuit Output. Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDffiONS 
(TA =0°C to 70°C) 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

9 

SYMBOL PARAMETER MIN. TYP. MAX. 

Voo Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.4 - Voo+l 

ViL Input Low Voltage -1.0 - 0.8 

NOTE : All voltages are reference to V ss. 

DC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV+ 10%, Vss=OV, unless otheiwise noted.) -

SPEED 
HYJ\15C9256M 

SYMBOL PARAMETER TEST CONDIDONS 
MIN. MAX. 

I Iu I Input Leakage Current(any input pin) Vss s V1N :5: Voo 90 

I Iw I 
Output Leakage Current for Vss ~ Dour s Voo IO 
High Impedance State RAS, CAS at Vrn 

-70 630 

-80 540 
1001 V DD Supply Current, Operating tRc=tRc(min.) -10 450 

-12 405 

1001 Yoo Supply Current, TTL Standby 
RAS, CAS at Vrn 
other inputs 2 V ss 

18 

-70 630 

Voo Supply Current, -80 540 
IDoJ RAS-only Refresh 

tRc=tRc(min.) -10 450 

-12 405 

-70 405 

VDD Supply Current, -80 360 
Ino4 Minimum Cycle 

315 Fast Page Mode -10 

-12 270 

VDD Supply Current, RAS 2 Voo-0.2V, CAS= 
9 

I Dos CMOS Standby V1H, other inputs 2 Vss 

-70 630 

V DD Supply Current, -80 540 
IDD<i tRc=tRc(min.) 

CAS-Before-RAS Refresh -IO 450 

-12 405 

V01 Output Low Voltage loL=4.2mA 0.4 

VoH Output High Voltage Icm=-5mA 2.4 

NOTES: 
I. loo is depends on output loading when the device output is selected, Specified loD(max.) is measured with the output open. 

UNIT 
oc 
oc 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA l, 2 

mA 

mA 2 

mA 1, 2 

mA l 

mA 2 

v 
v 

2. loo is depends upon the number of address transitions. Specified Ioo(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 
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HYM5C9256 262,144X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

lRAS RAS Pulse Width 70 lOK 80 lOK 100 IOK 120 lOK ns 

2 lRC Read or Write Cycle Time 130 14S 17S 20S ns 

3 lRP RAS Precharge Time so SS 6S 7S ns 

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

s lRAH Row Address Hold Time IS IS IS 20 ns 

6 lRAL Column Address to RAS Lead Time 35 40 4S SS ns 

7 lRAD RAS to Column Address Delay Time 20 3S 20 40 20 SS 2S 6S ns 

8 lASC Column Address Set-up Time 0 0 0 0 ns 

9 le AH Column Address Hold Time IS IS 20 2S ns 

IO tRCD RAS to CAS Delay 2S SS 2S 60 2S 7S 30 90 ns 2 

II lRAC Access Time from RAS 70 80 100 120 ns 3,4,S 

12 tAA Access Time From Column Address 3S 40 4S SS ns S,6,12 

13 le AC Access Time from CAS IS 20 2S 30 ns S,12 

14 le AS CAS Pulse Width IS 7SK 20 7SK 2S 7SK 30 7SK ns 

IS tRSH RAS Hold Time IS 20 2S 30 ns 

16 lRCS Read Command Set-up Time 0 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS s s s s ns 7 

18 tRRH Read Command Hold Time Referenced to RAS s s s s ns 7 

19 lcRP CAS to RAS Precharge Time IS IS IS 20 ns 

20 to FF Output Buffer Tum Off Delay 0 IS 0 20 0 2S 0 30 ns 8 

21 twp Write Command Pulse Width IS IS 20 2S ns 

22 lcr CAS Precharge Time IS IS 20 2S ns 

23 tAR Column Address Hold Time From RAS SS 60 70 80 ns 

24 twcR Write Command Hold Time From RAS SS 60 70 80 ns 

2S twcs Write Command Set-up Time 0 0 0 0 ns 9,10 

26 twcH Write Command Hold Time IS IS 20 2S ns 

27 tns Data In Set-up Time 0 0 0 0 ns II 

28 tnH Data In Hold Time IS IS 20 2S ns II 

29 tnHR Data In Hold Time Reference to RAS SS 60 70 80 ns 

30 lcPA Access Time from CAS Precharge 4S so SS 6S ns 12 
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HYM5C9256 262,144X9-Bit CMOS DRAM MODULE 

31 tPC Fast Page Mode Cycle time 50 55 70 ns 

32 tRWL Write Command to RAS Lead Time 20 25 30 35 ns 

33 tcWL Write Command to CAS Lead Time 20 25 30 35 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

35 tcsR CAS Set-up Time, CAS before RAS Refresh IO IO IO IO ns 

36 tcHR CAS Hold Time, CAS before RAS Refresh 20 25 30 40 ns 

37 tT Transition Time(Rise and Fail) 3 25 3 25 3 25 3 25 ns 

38 tREF Refresh lnterval(256 cycle) 4 4 4 4 ms 

NOTES: 
I. Operation within the IRAo(max.)limit insures that IRAc(max.) can be meL IRAo(max.) is specified as a referenced point only. IflRAD is greater than the specified 

IRAo(max.) limiL then the access time is controlled by IAA and tcAC· 
2. Operation within the 'RcD(max.)limit insures that IRAC( max.) can be met. 'RcD(max.) is specified as a reference point only. If IRCD is greater th~n the specified 

IRcD(max.) limit. then the access time is controlled by tcAC· 
3. Assume 'RAD ~ 'RAD(max.). If IRAD is greater than IRAD(max.) then 'RAC will increase by the amount that IRAD exceeds IRAD(max.) 
4. Assume 'RCD :5: 'RcD(max.). If IRCD is greater than IRcD(max.) then 'RAC will increase by the amount that IRCD exceeds 'RcD(max.) 
5. Measured with a load equivalent to two TTL loads and 100 .pF. 
6. Assumes that IRCD L IRCD(max.) and IRAD ~ IRAD(max.). 
7. Assumes that IRCD :5: 'RcD(max.) and IRAD 2tRAD(max.). 
8. Either 'RRH or IRCH must be satisfied for a read cycle. 
9. IOFF define the time at which the data output achieves the open circuit condition and is not referenced to the ouwut volta11.e levels. 

10. twcs is not a ristrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs 2- twcs(min). the cycle ·is an early write 
cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 

11. IDS and toH are referenced to the latter occurence of C AS or WE 

12. Access time is determined by the longer of 'AA· tcAC• tcPA. 
13. tr is measured between Vrn(min.) and V1L(max). 
14. AC measurements assume tr=5ns. 
15. An initial pause of 200µs is required after power-up and followed by at least 8 initialization cycles(any combination 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, VDD=5V± 10%, Vss=OV, unless othetwise noted.) 

~ '7"'~ 
C1N1 Input Capacitance( Ao-As, WE, CAS, RAS) 60 pF 

C1N2 Input Capacitance(PD, PCAS) IO pf 

Co0 1/0 Capacitance( DQo- DQ1) 15 pf 

CPQ Output Capacitance(PQ) IO pf 

4-29 

• 



HYM5C9256 262,144X9""Bit CMOS DRAM MODULE 

TIMING DIAGRAM 
( CAS includes PCAS and CAS, D1N includes DQo- DQ1 and PD, Dm T includes DQo- DQ, and PQ.) 

READ CYCLE 

1------------------IRc121-----------------+ 

l---------IAR123J --------<•I 
l'"l·------------IR.~5111----4------• 

IASR(4) -1 
-tRAH(S)-

IRCS(16) -ICAS(14J-

V1H __: 

V1L - _ _.__._......, ...... _ ..... __ "'""'_ ..... _,, 
-ICACi13)-

-IAA(12J-

--tOcF(2G) 

DQ 

----------IRAC1111--------Jr.l-+------------..I 

VoH - ------------1HIGH-z----------ll 
Vm -

VALID DATA OUT 

EARLY WRITE CYCLE 

"' 1------------IRAS(1)----------•ll< RAS 
V1H-

Vil-

1---------IAR(23)--------1 

IASR(4) - -IRAH(Si-

V1H-
ROW ADDRESS A.J-Aa V1L-

COLUMN ADDRESS 

V1H-

CAS V1L-

IRCD(10) 

V1H

V1L -_....._....__..._"'+""-'--''--'-'-'--'-.J..-'--'-""-1~--++---....,;jF-'-'--'--'-"--L.-'-"-'--'--'--'--'-""-"'-'-''""-i""""~-'--'-""-

V1H

DQ 
V1L- .J..""'-"--""-'""'-"~-'--"-"'-"-L...l'--4~-'-""-.1.J'~------~''-""-L..l.~..t..~L..l.~..t...L..J....~~-'-.L.~~~-'-

14---------'toHR(29)----
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HYMSC9256 262,144X9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

Ao-Aa 

WE 

DO 

V1H-

V1L-

V1H-

V1L-

VoH

VoL-

, _____________ IRAS(1)--------S------· 

1-----tpc1J1) 
ICP(22) -

- ICAH(9) 

FAST PAGE MODE EARLY WRITE CYCLE 

DQ 

VrH

v,L-

V1H - - .... +-+---..... 
V:L-

V1H

V1L-

V1H - __ ..,.. __ " 

V1L - .......... """-""'-"'-'._...~ ...... -~'""'"-'-""'-""'-" .......... ~ ..... -"""4"""-""-'"""-'-'""""""-""-'-......... --~-'-""'-"""'-""1-'-""-"-'i....I ..... ~ 

V1H- .,...,,....,...,.._Jr----~ 

V1L - ........ -'-""'-., I'------'!' 
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HYM5C9256 262,144X 9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l-+----------------IRC(2)----------------' ... I 

•----IAP(3)-

V1H - ---..i 1·-----------1RAS(1)---------· 1--------llil 
V1L-

IASR(4) - -IRAH(5)-

ROW ADDRESS 

VoH-
DQ 

Vol- ------------------HIGH-z-----------------

CAS-BEFORE-RAS REFRESH CYCLE 

DO 

4-32 
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VoL-

•-------IRAS(11 ______ , 

-IRPC(34)_. 

lcp122J 
~ -ICHR(36)-
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HYMSC9256 262,144X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

-lRP(3)--
VIH- ----1 1-------lRAS11;--------<•1 ~-----,1 1 .. 1-------lRAS111-----1 

V1L--

HIDDEN REFRESH CYCLE (WRffE) 

WE 

D1N 

DO 

1------lRAS(l) ____ _.. 

V1H - -----'1 
V1L -

V1H

V1L-

V1H

V1L-

V1H 

V1L 

V1H-

V1L-

VoH-

Vol -

lASC(8) 

lASR(4) - - lRAH(5) ..._.. --tcAH(9)_. 

- twcH(26l 

lDS(27) -
lDHR(29) 

HIGH-Z 

l-4-----lCHR(36)-

VALID DATA OUT 

l-------lRAS(1\------I 

l-4-----lcHA(36)-
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HYM5C9256 262,144X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H------.i 

V,L-

14------------tRAS(1J----------+I 

tcSR(JSJ l4-----tRSH(15)----•1 

- -tcHA(36J- -tcPTl22J- '-----tcAS(14)-

V1H -- ------------------++------------1~-+.l~r'Tr'T''rr"r' 

V1L -

READ CYCLE 

DQ VALID DATA OUT 

-tRCS(16)- - IAAH(18) 

V1H - __ ..,..._..,,._.,...,...,...,.......,....,...,...,...,~,..,..-1r-----t+----------f----....,.r"'f-,.,"'7' 

V1L - ""'-'--'-"-'-"""-1I...1...J~~~'-'-.t....l.""-'~1J 

-tRCH(17)-

WRITE CYCLE 

V1H - ,..._..,..._......,...,.__.,...,...,..,...,...,""'P"'!,..,..,. 

V1L - '-J..l.J.J../..l...J.:..£...'-L..f..i...(...l...l.../,..i.J...l../.:..£...'4~---1-+----~;L..j:..L,,""'-~.l...l..l...l..l..l..1..1...1...J~"-'-"-'-~ 
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HYM5C9256 262,144X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM5C9256M 

88.9 .,., ________________ ! 

3.38 - 82.14 

* DETAIL OF CONTACTS 

0.25MAXJ DD D 
1 

UNIT: mm 

--
1.27±0.08 
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DESCRIPTION 

The HYMS9256AM is a 256K words by 9bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HYS34256J 
in 20/26 pin SOJ and one HYS3C256LF in 18 
pin PLCC mounted on a 30 pin glass-epoxy 
printed circuit board. 0.22µF decoupling capa
citors are mounted under all the DRAMs. 

HYM59256AM is suitable for easy inter
change and addition of 256K bytes memory 
with parity RAM. 

BLOCK DIAGRAM 

- --0 V" DOo 

'V -v Do1 

256KX4 
'-' '-J 

v -0 

OE 

+ 
.___ 

~ -v 

-v D05 
256KX4 

-v DOs 

..(") DO, 

OE -;, 

L-

""' PO 

-v PD 

256KX 1 
~ v 

M451202B-OCT91 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

,..,_..,,..,_..,,..,_..,,..,_..,....,.,,...,,,..,_..,,..,_..,"""T"l"",..,_..,,..,_..,,.,....,p--..,.,.-, 

HYM59256AM-70 70 20 50 

HYM59256AM-80 80 25 55 

HYM59256AM·10 100 25 60 

• Single power supply of 5V ± 10% 
• CAS Before RAS,. RAS only, Hidden Refresh. 

• Low power operating 
l.26W max (HYM59256AM-70) 
l.IOW max (HYM59256AM-80) 
0.93W max (HYM59256AM-10) 

• TTL compatible inputs and outputs 

• 512 refresh cycles I 8ms 

PIN NAMES 

~-Aa ADDRESS INPUT 

D00-D01 DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PO DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER( +5V) 

Vss GROUND 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

HYM59256AM 

Voo (1) 0 
CAS (2) 0 
DOo (3) 0 
A-0 (4) D 
Ai (5) 0 
001 (6) D 
A2 (7) D 
A3 (8) 0 
Vss (9) 0 
002 (10) 0 
A4 (11) 0 
As (12) D 
003 (13) 0 
A5 (14) 0 
A1 (15) 0 
DC4 (16) 0 
As (17) 0 
NC (18) 0 
NC (19) 0 
005 (20) 0 
WE (21) 0 
Vss (22) 0 
005 (23) 0 

0 
NC (24) 0 
007 (25) D 
PO (26) 0 
RA5 (27) 0 
PCAS (28) 0 
PD (29) 0 
Voo (30) 0 

'-IOTES: 

I. Common CAS control for eight data-in and data-out lines (DQ0-DQ7 ). 
2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 
3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ0-DQ7). 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PA~TER 
~ 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

Vm, Vom Voltage on Any Pin Relative to V ss 

Vnn Voltage on V DD Relative to V ss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDffiONS 
(TA =0°C to 70°C) 

SYMBOL .. PARAMETER ·MIN. m. 
Vnn Supply Voltage 4.5 5.0 

Vrn Input High Voltage 2.4 -

V1L Input Low Voltage -1.0 -

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

1.8 

MAX. 

5.5 

Vnn+l 

0.8 

(TA=0°C to70°C, Vnn=SV± 10%, Vss=OV, unless otherwise noted.) 

sYMBOL PARAMETER TEST CONDIDONS SPEED I• 9™~92.561,\M 

MIN; MAx. 
I Iu I Input Leakage Current(any input pin) Vss s V1N s Von 30 

I Iw I 
Output Leakage Current for Vss s Dom s Voo 

10 
High Impedance State RAS, CAS at Vrn 

-70 230 

Inm Voo Supply Current, Operating tRc =tRc(min.) -80 200 

-10 170 

In02 Vnn Supply Current, TIL Standby 
RAS, CAS at Vrn 

6 
other inputs L V ss 

-70 230 

ln03 
Von Supply Current, 

tRc = tRc(min.) -80 200 
RAS-only Refresh 

-10 170 

Von Supply Current, 
-70 165 

InD4 Fast Page Mode 
Minimum Cycle -80 140 

-10 115 

Inns 
Von Supply Current, RAS L Von-0.2V, CAS= 

3 
CMOS Standby Vrn, other inputs L Vss 

Vnn Supply Current, 
-70 230 

Inn6 CAS-Before-RAS Refresh tRc = tRc(min.) 
-80 200 

-10 170 

VoL Output Low Voltage loL=4.2mA 0.4 

VoH Output High Voltage loH=-5mA 2.4 

NOTES: 
1. Inn is dependent on output loading when the device output is selected, Specified InoCmax.) is measured with the output open. 

UNIT 
:·· 

oc 
oc 
v 
v 

mA 

w 

UNIT·' 

v 
v 
v 

~~· NOTE 
_". .b 

j . yi 

µA 

µA 

mA 1, 2 

mA 

mA 2 

mA 1, 2 

mA 

mA 2 

v 
v 

2. Ino is dependent upon the number of address transitions. Specified lno(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to70°C, Vnn=SV± 10%, Vss=OV, unless othetwise noted.) 

1 tRAs RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

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

3 tRP RAS Precharge Time 50 60 70 ns 

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

5 tRAH Row Address Hold Time 15 15 15 ns 

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

7 tRAD RAS to Column Address Delay Time 20 50 20 60 25 75 ns 

8 tASC Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time 15 15 20 ns 

10 tRCD RAS to CAS Delay 25 55 25 60 25 15 ns 2 

11 tRAc Access Time from RAS 70 80 100 ns 3,4,S 

12 tAA Access Time from Column Address 35 40 50 ns 5,7 

13 tcAC Access Time from CAS 20 25 25 ns 5,6 

14 tcAS CAS Pulse Width 20 25 30 ns 

15 tRSH RAS Hold Time 25 25 30 ns 

16 tRCS Read Command Set~up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CA 5 5 5 ns 8 

18 tRRH Read Command Hold Time Referenced to RA 5 5 5 ns 8 

19 tcRP CAS to RAS Precharge Time 15 15 15 ns 

20 tHz CAS to Output High Impedance 0 20 0 25 0 30 ns 11 

21 tWP Write Command Pulse Width 15 15 20 ns 

22 tcP CAS Precharge Time 15 IS 20 ns 

23 tAR Column Address Hold Time from RAS 55 60 75 ns 

24 twcR Write Command Hold Time from RAS 55 60 75 ns 

25 twcs Write Commnad Set-up Time 0 0 0 ns 9 

26 twcH Write Command Hold Time 15 15 20 ns 

27 tns Data In Set-up Time 0 0 0 ns 10 

28 tnH Data In Hold Time 15 15 20 ns 10 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

29 to HR Data-In Hold Time Referenced to RAS 55 60 75 ns 

30 tc:PA Access Time from Column Precharge 35 40 50 ns 12 

31 tpc Fast Page-M~e Read or Write Cycle Time 50 55 60 ns 

32 tRWL Write Command to RAS Lead Time 20 25 30 ns 

33 tc:WL Write. ~ommand to CAS Lead Time 20 25 30 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 ns 

35 tcsR CAS Set.up .. Time(CAS Before RAS Cycle) 5 5 5 ns 

36 tc:HR CAS l::!old Time( CAS Before RAS Cycle) 20 25 30 ns 

37 h Transiti2:1!~'fime(Rise and Fall) 3 50 3 50 3 50 ns 13 

38 tREF Refresh Inteival(512 Cycle) 8 8 8 ms 16 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 lOOK 80 lOOK 100 lOOK ns 

40 tc:PT CAS Precharge Time(CBR Counter Test Cyde) 40 40 50 ns 

41 tcu CAS to Output Low Impedance 0 0 0 ns 3 

NOTES: 
1. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a reference poin I only. If tRAD is greater than the specified 

tRAo(max.) limit, then the access time is controlled by tAA and tcAC· 
2. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only. If tRCD is greater than the specified 

tRco(max.) limit, then access time is controlled by tcAC· 
3. Assume tRAD ~ tRAo(max.), If tRAo is greater than tRAo(max.) then tRAc will increase by the amount that tRAD exceeds tRAD(max,)· 
4. Assume tRcD ~ tRco(max.), If tRCD is greater than tRcoCmax.) then tRAc will increase by the amount that tRCD exceeds tRco(max.). 
5. Measured with a load equivalent to two TTL loads and IOOpF. 

6. Assumes that tRcD ~ lRco(max.) and t~o ~ tiuoCinax.). 
7. Assumes that IRCD ~ lRco(max.) and IRAD ~ IRAo(max.). 
8. Either IRRH or IRCH must be satisfied for a read cycle. 
9. twcs is not a restrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs ~ twcs(min), the cycle is an early 

write cycle and the data out p_in wiH i:emain open circuit (high impedance) throughout the entire cycle. 

10. tos and toH are referenced to the latter occurence of CAS or WE. 
11. tHz defines 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 IAA, fcAC or tcPA· 
13. tr is measured between V1H(min.) and V1L(max.) and AC Measurements assume tr=Sns. 
14. An initial pause of 200µs is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS

only Refresh). 8 initialization cycles are required after extended periods of bias without clocks. 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL-, 

C1Nt Input Capacitance(Ao-.As, WE~-CAS, RAS) 25 pF 

C1N2 Input Capacitance(PD, PCAS) 10 "lifi" ----
CDQ 1/0 Capacitance(DQ0-DQ1) 15 pF 

Cpo Output Capacitance(PQ) 10 pF 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

RPS 

Ao-As 

CAS 

WE 

DO 

V1H-

Vil -

IASR(4J -
V1H-

Vil-

V1H--

Vil-

V1H-

Vil-

1------------------- IRC(2) ________________ ..,.I 

l4---------IAR(23) ---------t•I 
N·------------IRAS(l)------1------•L" 

-tRAH(5)-

IRCS(16) -ICAS(14)-

-ICAC(13)-

-tAA(12)-

ICLZ(41)I- - IHZ(20) 
/4----------IRAC(11)-------i~-i-1 ..... _________ ..,__-.J 

VoH -----+--------1HIGH-z--------1i1 VALID DATA 
Vm -

EARLY WRITE CYCLE 

l+-------------------IRC(2)----------------I 

"' 1·------------IRAS(1)----------•lll 

•---------IAR(23)------...-1 

ll)SR(4)-
-IRAH(5)-

ROW ADDRESS COLUMN ADDRESS 

IASC(8) - -ICAH(9)-

V1H - ------+--------------i I 
Vil-

IRCD(10)-------I~ I 

V1H

V1L -""""""-""'-"-''-"'+".J..-'-.l.....'-"~"""--'-.l.-~~--.+-+---~::....L..l....l...'-1.:...L..l....J....'-l.:.....l!'-l...l.....J...J....'-''-1...J...J....'-'-

V1H

DO 
V1L - -'-""-""-""-"-~~-'-'--'-.J-..1....L.~"""'-''.J~--------r'-"'"""-""""'-'""""'"""""""'"""""'-''-'-'"""'-'--'-""-"-'-'""""'""" 

1-.--------IDHR(29J----
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

1.-------------IRASP(39) ------~J--------1 

/lo-As 

WE 

DQ 

V1H-

Vil-

V1H-

Vil-

VoH-

Vol-

IAA(12)-

ICP(22) --

FAST PAGE MODE EARLY WRITE CYCLE 

CPS 
V1H-

Vil 
-

flo-Aa 
V1H-

V1L-

WE V1H-

- lcAH(9) 

V1l - ~~-'--'-~~ll-l-....j.--....iJ;-1.-'--'-""-''--"-+;;-.i..i.---~~-'-~-'-~~-'-""-.. '-l-ll----_.I-'-"""-""-''-'~"""-""'-"-'--"-"'-

DQ 
V1H - ~,....,..,._Lll-----"'IL 

VtL - ..._...._.._.._, ,.._ ____ -"' 

4-43 



HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

DO 

l----------------IRCi2)--------------•I 

1-----IRPiJ)-

V1H----~ 

V1L-

-----------IRAS(1)---------1 

IASR(4) - -IRAH(5)-

ROW ADDRESS 

J
-ICRP(19) V1H- ..... .__..;.... _______________________________________________________________ _ 

V1L-

VoH- ----------------------------------HIGH-Z------------------------------VoL -

CAS-BEFORE-RAS REFRESH CYCLE 

DO 

4-44 

VoH

VoL-

l--------IRAS(1)--------<~I 

-IRPC(34)-

lcP<22) ICSR(35) 
..,. _ ____. -ICHR(36)-

-r_HZ(20) -

~ HIGH-Z------------------------



HYM59256A 26~,144X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE(READ) 

DO 

-IRP(J)--
ViH - ____ , ·-------IRAS11;------l•I 1 .. -----.. 1 1.------IRAS(l) -----.1 

V1L-

!cRP(19) 
-IRCDC10)- -IRSH(15)-

IASC(8) -

-IRA0(7)-

V1H-

IRAH(5) 

IASR(4)- -

v,L--

IRAL(6)-

- ICAH(9) 

•------!cHR(J6)-

V1H - ....................................................... __ ~ _______ ....,..,...,... ____ .,... ............ ,.._ ..... ______ ._. ...................................... ~ 

V1L - -----'-""""'-'-'"""""""-' 

14-------IRAC(11) 

-tCAC(13) 

IAA(12) 

VoH - ---HIGH-z------toll 
Vol -

ICL2(41) 

VALID DATA 

HIDDEN REFRESH CYCLE(WRITE) 

14------IRAS(1) ____ _. l4------IRAS(1)-----1 

V1H------i 

V1L -

ICRP(19) - -tRCD(10)- -IRSH(1S)-+ 
1------lCHR(J6)-

-----IAR(24)--l-l---_.I 

IASC(8) 

IASR(4) - - IRAH(5) ....... 4-ICAH(9)_. 

Ao-Aa 

V1H

DO 
V1L -~J..l.J.J..~~~~""-'l"""'1r.--------------------....i'f",'-'-"""'J..'-'J..l..l."'-''-'-.f....j"-'-"-i.-'-'-'-.f....j"-'-~-'-l..l.-'-'-'-J.. 

l4--------!0HR(29) -----1 
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

l-+------------IRASl11------------1 .. J 

V1H- -----i 

ICSR(35J 1-----IRSH(lSJ-----• 

- -tcHR(36J---. -tCPT(40)- l+-----tcAS(14)-

READ CYCLE 
-tcAC(13)-

DQ 
VoH_ 

---------------------------------------------------++---<I Vol-
VALID DATA 

+--IRCH(17)-

WRITE CYCLE 

V1H - _ _...,.....,...,.......,...,..._~..,...,...,....,..,...,..,_ 
-twcs12s1-

V1L - (..1...1...J.;..L.'-L..U.L.i:...L.'-.J...L.J..L.'-L..L..l...J...j:..qi~----------++------------~~""-'-'-~'*-'-""-'-'-""""~ .... ~""""'"""""'-
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HYM59256A 262,144X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM59256AM 
UNIT: mm 

·----------88.9-----------1 ... 

-----,-~--~~~~~~~~~~~~~~~~~~-8-2.1_4-=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--=-l....... 
5

·1::x 
<1>3.18 

st- c:: ::J [.:: ::J 0 6 I 
2.03-

la35 ,~ 
t 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o-=~1 

f.- -2j- -;;Ll; 1~ -11-
5.59 • 73.66 -

* DETAIL OF CONTACTS 

0.25MAXJ o o o 
l 

1.27± 0.08 
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DESCRIPTION 

The HYM581000M is a lM words by Shits 
dynamic RAM module and consists of eight 
HYS31000J Fast Page mode CMOS DRAM in 
20/26 pin SOJ package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22µF de
coupling capacitors are mounted under all the 
lM DRAMs. 

HYM581000M is suitable for easy inter
change and addition of lM bytes memory. 

BLOCK DIAGRAM 

Ao·Ag 0-----------
RAs U----+-~-------~ 

GAS U-----1H-I----------. 

"WE~--~-+-+--------

DOo 

DOz 

M431201 B-OCT91 

FEATURES 
•Fast Page Mode operation 
•Fast access time 

.c:L: 
-::-

tRAc Lc.Jc~c '·. ,. '·=·,,"., 
HYM581000-60 60 20 

HYM581000-70 70 20 

HYM581000-80 80 20 

HYM581000-10 100 25 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden 

Refresh 

• Low power operating 
3.74W max (HYM581000M-60) 
3.30W max (HYM581000M-70) 
2.86W max (HYM581000M-80) 
2.42W max (HYM581000M-10) 

• TIL compatible inputs and outputs 
• 512 refresh cycles I Sms 

PIN NAMES 

AJ-Ag ADDRESS INPUT 

D00-D01 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER( +SV) 

Vss GROUND 

tPC., I 

40 

40 

45 

55 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

HYM581000M 

Voo (1) 

CAS (2) 

OOo (3) D 
~ (4) 

A, (5) 

001 (6) 

A2 (7) ~[:: ::J 
Aa (8) 

Vss (9) 

002 (10) 

A4 (11) 

g[:: ::] 
0 

As (12) 

003 (13) 

Aa (14) 

A7 (15) 
~c:: ::] 

004 (16) 

Aa (17) 

Ag (18) 

NC (19) 

g[:: ::] 
0 

OOs (20) 

WE (21) 

Vss (22) 

OOe (23) 

g[: ::J 
0 

NC (24) 

007 (25) 

NC (26) 

RAS (27) 

NC (28) 

NC (29) 

Voo (30) 

g[:: ::J 
~[:: ::J 

0 

NOTES: 
l. Common ffi control for eight data-in and data-out lines (DQO-DQ7). 
2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out(DQ0-DQ7 ). 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL I PARAMETER RATING ...• UNIT 
~ 

T11 Ambient Temperature 0 to 70 oc 
r----

TsTG Storage Temperature(Plastic) -SS to 150 "c 
VrN• Vm:i- Voltage on Any Pin Relative to Vss -1.0 to 7.0 v 

f----------

Vnn Voltage on V00 Relative to Vss -1.0 to 7.0 v 
- -

[~ Short Circuit Output Current so mA 

Power Dissipation 

"<OTE : Op.,ntlion at or ahove Ahsolute Maximum Ratings can adversely affect device reliahility. 

RECOMMENDED OPERATING CONDIDONS 
(TA =0°C to 70°C) -

4.8 w 

SYMBOL PARAMETER MIN . ...:_ T\'P._ .. _ -" :~AX:./>; 1; tNff; .. 

Vrm 
f----------- --- ----

Supply Voltage 4.S s.o s.s v 

Vrn Input High Voltage 2.4 - Voo+l v 
f---------- ---

l __ y__!_':__ ___ Input Low Voltage -1.0 - 0.8 v 
NOTE: All voltages are reference to Vss. 

DC CHARACTERISTICS 
(T"=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otheIWise noted) 

r-:=········ 
1 SYMBOL 

--· 
Lic. hYM5$1opo 

···::: 
PARAMETER TEST CONDITIONS SPEED UNIT 

. - ..£.. 
MIN,_·. F- MAX -L1:::· .• _..c..:_ 

I 111 I In_~ut Leakage Current(any input pin) Vss ~ V1N ~ Von 80 µA 

I lw I 
Output Leakage Current for Yss ~ Dm:T ~ Yoo 

IO µA 
High Impedance State RAS, CAS at Vrn 

-60 680 

-70 600 
ln1>1 Vnn Supply Current, Opemting tRc=tRc(min.) -- mA 

-80 S20 

-10 440 
------

Irnn V1>1> Supply Current, ITL Standby 
RAS, CAS at VrH I 

other inputs ?; Vss I 16 mA 
-··---·-·--

-60 680 

ln1>.1 
Vrm Supply Current, -70 600 

RAS-only Refresh 
tRc~tRc(min.) 

-80 S20 
mA 

-10 440 
-- --

-60 S20 

V1>1> Supply Current, -70 440 

Fast page mode 
Minimum Cycle 

-80 360 
mA 

-10 280 

~~~ 

~· 
Vim Supply Current, RAS;::.- Vnn-0.2V, CAS= 

8 mA 
CMOS Standby VfH, other inputs ?; Vss 

--··-··--·-+-·-·· 

-60 680 

Vim Supply Current, -70 600 

C'AS-Before-RAS Refresh 
tRc=tRc(min.) 

-80 S20 
mA 

-10 440 

Output Low Voltage loL=4.2mA 0.4 v 
L_~,, Output High Voltage Im~=-SmA 2.4 v 
NOTES: 

I. Inn is <kp<·111knt on output loading wh"n the <kvice output is selected, Specified lnn(max.) is measured with output open. 

2. Inn is dqwmknt upon th" numh"r or addr"ss transitions, Specified lnn(max.) is measured with a maximum of two transitions per address cycle in 
fast pag<' mod<'. 

cc-:<·:·•> 
~OTE 

,cj•: 

1, 2 

2 

1, 2 

_ __, 

2 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

2 tRc Random Read or Write Cycle Time 120 130 lSO 180 ns 

3 lRP RAS Precharge Time SO SO 60 70 ns 
-----------------~---+----+-----+---+--l---+----+-----+---+--------1 

4 tASR Row Address Set-up Time 0 '() 0 0 ns 

S tRAH Row Address Hold Time 10 10 10 lS ns 

6 tRAL Column Address to RAS Lead Time 

7 tRAD RAS to Column Address Delay Time l S 30 l S 3S l S 40 20 SO ns 

8 tAsc Column Address Set-up Time 0 0 0 0 ns 
---+----+-------J 

9 tcAH Column Address Hold Time lS lS IS 20 ns 

10 tRrn RAS to CAS Delay 2 

11 tRAC Access Time From RAS 60 70 80 100 ns 3,4,S 

12 tAA Access Time From Column Address 30 3S 40 SO ns S,7 

13 lcAc Access Time From CAS 20 20 20 2S ns S,6 

14 lcAs CAS Pulse Width 20 lOK 20 lOK 20 lOK 2S IOK ns 

lS tRsH RAS Hold Time 20 20 20 ~ ITT 

16 tRcs Read Command Set-up Time 0 0 0 0 ns 

17 tRcH Read Command Hold Time Referenced to CAS 0 0 0 0 ns 8 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 () 0 ns 8 

19 lcRP CAS to RAS Precharge Time s s s s ns 

20 to FF Output ·Buffer Tum Off Delay 0 20 0 20 0 20 0 20 ns 9 

21 twp Write Command Pulse Width lS IS lS 20 ns 

22 lep CAS Precharge Time 10 10 10 10 ns 

23 tAR Column Address Hold Time From RAS SO SS 60 7S ns 

24 twcR Write Command Hold Time From RAS SO SS 60 7S ns 

2S twcs Write Command Set-up_T __ im_e _______ ___, __ o--+-----+--0-+------+--(-) --+---+--(_) -+----+---n_s--+-_H __ l __, 

. 26 twrn Write Command Hold Time lS lS lS 20 ns 

27 tos Data-In Set-up Time 0 0 0 0 ns 11 
1---+----+-----------------·----+----+----+----+--l----+---t---+----+--l----J 
28 toH Data-In Hold Time lS lS lS 20 ns 11 

29 toHR Data-In Hold Time Reference to RAS SO SS 60 7S ns 

30 tcPA Access Time From CAS Precharge 3S 3S 40 SO ns S,12 

31 tpc Fast page mode Cycle time 40 40 45 SS ns 

32 tRWL Write Command to RAS Lead Time 20 20 20 2S ns 

33 lcWL Write Command to CAS Lead Time 20 20 20 2S ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 0 ns 

3S lcsR CAS Set-up Time(CAS Before RAS Cycle) s s s s ns 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

[ .. 
H™S81ogo 

_:_:_ 

-:::-

#jSVMBOLI ,: . PARA~ETE~ 60 70 _::_I· 80 
'J 

. •. 10 . ... UNIT NOTE 

MAX. MIN; MAX. 
1
MIN: MAX. 

.t 

! .J' MIN. MIN. MAX. :e· :· -""-:: 

36 lcHR CAS Hold Time(CAS Before RAS Cycle) 15 15 15 20 ns 

37 h Transition Time(Rise and Fall) 3 50 3 50 3 50 3 50 ns 13,14 

38 lct.z CAS to output in Low-z 0 0 0 0 ns 5 

39 lREF Refresh Interval(512 Cycle) 8 8 8 8 ms 15 

40 lRASP Fast page Mode RAS Pulse Width 60 70 80 100 ns 

41 le PT i CAS Precharge Time(CBR Counter Test Cycle) 40 40 40 50 ns 

-.;on:s: 
I. Operation within the IRAo(max.) limit insures that IRAc(max.) can he met. tRAD(max.) is specified as a referenced point only. lflRAD is greater than the specified 

IRAo(max.) limit. then the access time is controlled hy IAA and tcAC· . 

2. Operation within the IRCD(max.) limit insures that IRAcC max.) can he met. IRcD(max) is specified as a reference point only. If IRCD is greater than the specified 
IRcD(max) limit. then the access time is controlled hy tc·AC" 

3. Assume IRAD :$ IRAo(max). If IRAD is greater than IRAD(max.) then 'RAC will increase hy the amount that IRAD exceeds IRAo(max.). 

4. Assume IRCD :$ IRcD(max.). If IRCD is greater than IRcDC max.) then IRAC will increase hy the amount that IRCD exceeds IRcD(max.). 
5. Measured with a load e4uivalent to two TIL loads and 100 pF. 

_ 6. Assumes that IRCD? 'RCD(max.) and IRAD :$ 'RAD(max.). 

7. Assumes that IRCD :$ 'RcoCmax) and IRAD? 'RAo(max). 
8. Eithe1 IRRH or IRCH must he satisfied for a read cycle. . 

9. lOFF and l()H define the time al which the data output achieves the open circuit condition 'a'nd is not referenced to the output voltage levels. 
10. twcs is not a. restrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs e. twcs(min), the cycle is an early 

write cycle and the data out pin will remain open circuit( high impedance) throughout the entire cycle. 

11. tos and IDH are referenced to the latter occurence of C AS or WE 

12. Access time is determined hy the longer of 'AA· tcAc.or tcPA· 
13. IT is measured between V1H(min.) and V11.C max). 

14 .. AC measurements assume IT=Sns. 

15. An initial pause of 200µs is re4uired after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS
only refresh). 8 initialization cycles are re4uired after extended period of hias without clocks. 

CAPACITANCE 
(TA=25°C, VoD=SV± 10%, Vs~ =OV, unless otherwise noted) 

SVMBOL PARAMETER lYP. t MAX'. 
F' 

UNIT . . 
.::.. 

CtN Input Capacitance(Ao-A9, WE, CAS, RAS) 55 pF 

Coo 1/0 Capacitance(DQo - DQ1) 15 pF 

4-53 

.. 



HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

----- IRc121-----------------

l4---------IARl231 ------· 
"1•-------------IRAS111------1----· 

COLUMN 
ADDRESS 

IRCSl16J -tcASl14J-

-lcACl13J

_,AAl12J

ICLZl38) I+----

VALID DATA OUT DQ 

----------IRAC1111-------l-+i-l-+-----------i---.J 

VoH - -----+--------HIGH-z-------~1 
Vm ~ 

EARLY WRITE CYCLE 

l+------------------IRC121----------------

"'l-------------IRAS111----------... 1~ 

l.---------IAR/23/-------1 

IAsR1•1-
-IRAHISJ-

ROW ADDRESS COLUMN ADDRESS 

IASCi81-

l+------IRCD1101-------1-

V1H-

wr=_ V1L -'-_._..._._.~-'-ir-'-"'-"-J.-J-.J-"'-"-J.-J......L::.fL---1-i~--~:....L..t...l-.A~....l....L..J"-'--'--'-~~'....t...i-i....;'-L..l...J...'-

V1H-

DQ v,L - ..__._"'"'""'"""""'-'--'-""-"'-""""~"""'-'--'-1.J 11'------~ "-'--""""'"""'"""'"""-"""""""'-'-""-""-""""~-'--'-""-~~ 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

-------------IRASP!401-------.~-------( 

V1H

v,L- "-""""""'-f--'-' 

DO 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V;L -

/\J-As 
V1H-

V1L-

V1H - __ _,._9""1"'1 

V,L~---..._."""'-'-~ .... i--+---~'-'"""" ..... .._"'-+ .... ++----............... .._. ..... ..._.....,-..-+-~-+----l!t-6""""-."'""' ............ ..._ ..... .._,_.._ 

V1H - ,...,,....,...,-~. Ji!-----"'l. 

V1L-
DO 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l-------------'----IRC121---------------I 

1----IRP(31-

V1H - ---..i l .. l------------IRAS(1)-----------1•1 ~-------'""'Ill 

V1L-

IASR(4) - - IRAH(5)-

ROW ADDRESS 

VoH-
DO ------------------.;_-----------------HIGH-Z-------------...------------VOL-

CAS-BEFORE-RAS REFRESH CYCLE 

DQ 

4-56 

V1H

V1L -

VoH

VoL-

-IRPCi34)-

lcPl22) lcSR(35) 
- -tcHA(36)-

-t-FF(20i. -

~ HIGH-Z----------------------



HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

HIDDEN REFRESH . CYCLE (READ) 

V1H - ----1 l4-------IAAS11,----~~I 
V1L-

lcAP1191 
-- --IACD(10)- -tRSH(15)-

IASR(4T

V1H-

V1L-

IASC(8)-

-\RAD(?)-

lRAH(S) -
IRAL(6)-

_...._ lCAH(9) 

-IRP(31--
----IRASt11-----1 

14-----lcHA(36)-

V1H - -r-r-r-r.,+o.,....,....,....,-1 .... +---+----~---...+-........... ....-....-...... ,...., ...... --. ........... ..,.. ............................ ______ ..,... ....... 

DQ 

V1L - -----'-""-"'I-"'-"'--

-· lCAC(13) 

1----+---1• IAA(12) 

VoH -- _____________ ._,, 

Vm -

ICLZ(38) 

HIDDEN REFRESH CYCLE (WRITE) 

1------IRAS(ll----• 

V1H - -----.. I 

V1L -

tcRP(19) - -1Rco1101--• -lASH(15) .... 

-----lAA(24) -+-<-----I 

lASC(B) 

lASA(4) - - lAAH(5) - ~lcAH(9)_. 

V1H 

WE 
V1L 

loS(271 -
V1H-

DQ V1L-

loHA(29) 

VALID DATA OUT 

-tRP(3)- l.------IRAS(ll-----1 

l4-----tcHA(36)-
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

------------lRAS111-----------

V1H- -----i 
V,L-

lcSAi35i 
-----\RSH(151 _____ , 

-tcHAi36)- -tcPT(41)--1 ·-----tcAS(14)-

I,....---+------------

f\J-Ag 
V1H - _______ _;_ _____________ fo+-________ -t __ ""'T'J"7"'l"'7"":r-T'r 

v,l-

READ CYCLE 

DQ VALID DATA OUT 

- IAAH(181 

V1H - ______ ,............,..,....... ....... _.....,..,,..,4 ____ fo+-________ -t------,rr:.,...,...,...,.7 

VIL - '""'-.1-1...1...1.~4.J.~..t....I-'-'-'-""-"-'-'-"".__ 

-IACH(17)--+ 

WRITE CYCLE 

V1H - ___ _....,......_,..,...,......,....,_,...~~-
-1wcs12s1-

V1L -1..1...1..J.:..L...'-i...1...i...l..J.:...L..~.l...i...1...l'-L-l....L..l...l.~----------------++-----------------+-'-'-.l-I.""'-"-'-""""' ....... -'-'-'-......................... --. 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM581000M 

UNIT: mm 

88.90±0.13 

<1>3.17±0.05 

-I 1.27±0.08 

5.08 MAX. 

* DETAIL OF CONTACTS 

0.25MAXi n n n 

4-59 



MEMO 



DESCRIPfION 

The HYM581000AM is a lM words by Shits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY514400J 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under all the DRAMs. 

HYM581000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of lM bytes memory. 

BLOCK DIAGRAM 

,.... 
v ~ DOo 

....,. 
~ 001 

1MX4 

'.J .._, D~ 

'-' 

OE 

J; 

'-----, _r-. 
'-' 

.._, 005 
1MX4 

I-- '-' 005 

~ DO] 

OE 
~· 

M471202A-JAN92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

HYM581000AM-70 70 20 50 
HYM581000AM-80 80 25 55 
HYM581000AM-10 100 25 60 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operating 

1.05W max (HYM581000AM-70) 
0.94W max (HYM581000AM-80) 
0.83W max (HYM581000AM-10) 

• 1TL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

Ao-~ ADDRESS INPUT 

DOo·D01 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 0 
CAS (2) 0 
DOo (3) D 
AJ (4) D 
A, (5) D 
oo, (6) D 
A2 (7) D 
A3 (8) D 
Vss (9) D 
D02 (10) D 
~ (11) D 
A5 (12) 0 
DQ3 (13) D 
A5 (14) D 
A7 (15) D 
D~ (16) D 
As (17) 0 
Ag (18) D 
NC (19) 0 
D05 (20) D 
WE (21) D 
Vss (22) D 
DQ5 (23) 0 
NC (24) D 
DQ7 (25) D 
NC (26) 0 
RAS (27) D 
NC (28) 0 
NC (29) D 
Voo (30) D 

"'OTFS: 
I. Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 
2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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HYM581000A 1,048,576X 8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

VIN, Vom Voltage on Any Pin Relative to V ss 

Yoo Voltage on Yoo Relative to Vss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.5 

VIH Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

TYP. 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leak.age Current(any input pin) Vss'.S_V1N~ Yoo 

IIwl 
Output Leak.age Current for Vss '.':.Dom~Voo 

RAS, CAS at VIH High Impedance State 

-70 

lorn Yoo Supply Current, Operating tRc=tRc(min) -80 

-IO 

Yoo Supply Current, TTL Standby 
RAS, CAS at VIH 

1002 
other inputs ?. V ss 

-70 

1003 
Yoo Supply Current, 

tRc = tRc(min.) -80 
RAS-only Refresh 

-IO 

-70 

1004 
V oo Supply Current, 

Minimum Cycle -80 
Fast Page Mode 

-IO 

V oo Supply Current, RAS?.Voo-0.2V, CAS= 
loos 

CMOS Standby Vrn, other inputs~.Vss 

-70 

100<1 
V DD Supply Current, 

tRc = tRc(min.) -80 
CAS-Before-RAS Refresh 

-10 

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage lott=-5mA 

NOTES: 

RATING 

0 to 70 

-SS to ISO 

-1.0 to 7.0 

-1.0 to 7.0 

50 

1.2 

MAX. 

5.S 

Voo+l 

0.8 

HYMS81000AM 

MIN. MAX. 

- 20 

- IO 

- 190 

- 170 

- ISO 

- 4 

- 190 

- 170 

- 150 

- 160 

- 140 

- 120 

- 2 

- 190 

- 170 

- 150 

- 0.4 

2.4 -

1. loo is dependent on output loading when the device output is selected., Specified looCmax.) is measured with the output open. 

UNIT 
oc 
oc 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 1, 2, 3 

'~ ·~ 
~TY [j?7 Ir ..... 

_;_ •... <• ...,. <~.: # SYMBOL PARAMETER J~ . ·> >· '.> .. • .. • ... 
I'<\ 

;lQ ·" NOTE'• 
< ~ ", 

·, 
~ ·~ 

·~.I ~~· ·:~: .;~~~· ·:~:. ·MAX. \ ' j_ -'.. " 

1 tRAs RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

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

3 tRP RAS Precharge Time so - 60 - 70 - ns 

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

s tRAH Row Address Hold Time 10 - 10 - lS - ns 

6 lRAL Column Address to RAS Lead Time 3S - 40 - 4S - ns 

7 tRAD RAS to Column Address Delay Time lS 3S lS 40 20 SS ns 9 

8 tAsc Column Address Set-up Time 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time lS - lS - 20 - ns 

10 tRCD RAS to CAS Delay 20 so 20 SS 2S 7S ns 8 

11 tRAc Access Time from RAS - 70 - 80 - 100 ns 4,8,9 

12 tAA Access Time from Column Address - 35 - 40 - 45 ns 4,9 

13 tcAC Access Time from CAS - 20 - 25 - 2S ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 2S lOK 25 lOK ns 

lS tRSH RAS Hold Time 25 - 25 - 25 - ns 

16 tRcs Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 5 - ns 

20 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns s 
21 tWP Write Command Pulse Width lS - 15 - 20 - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS SS - 60 - 80 - ns 

24 twcR Write Command Hold Time from RAS SS - 60 - 80 - ns 

2S twcs Write Command Set-up Time 0 - 0 - 0 - ns 

26 twcH Write Command Hold Time 15 - 15 - 20 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 toH Data In Hold Time 15 - 15 - 20 - ns 7 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

I: 
.·:. 

HYM581000AM .'·· 

# SYMBOL PARAMETER ;;__ 70 ... 80 10 l1NIT 'NOTE 

·. ..i...::.. -"" 
MIN. MAX~ MIN. MAX . MIN. MAX, ~· 

29 to HR Data-In Hold Time Referenced to RAS 55 - 60 - 80 - ns 

30 tcPA Access Time from Column Precharge - 45 - so - SS ns 4 

31 tpc Fast Page Mode Read or Write Cycle Time 50 - SS - 60 -'- ns 

32 tRWL Write Command to RAS Lead Time 20 - 25 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 25 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 tcSR CAS Set-up Time(CAS Before RAS' Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns 

37 tT Transition Time(Rise and Fall) 3 50 3 so 3 50 ns 3 

38 tREF Refresh Period - 16 - 16 - 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 lOOK 80 lOOK 100 lOOK ns 

40 tcPT CAS Prechruge Ttme (CBR Cmmter Test Cycle) 40 - 40 - 50 - ns 

41 tcu CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcSH CAS Hold Time 70 - 80 - 100 - ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 Ms initialization cycles instead of 8 RAS cycles are required. 
2. AC measurements assume tT=Sns. 
3. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vm and V1L· 
4. Measured with a load equivalent to 2 TIL loads and lOOpF. 
5. topp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRcH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 

8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 
tRcoCmax.) limit, then access time is controlled by tcAC· 

9. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a reference point only : If tRAo is greater than the specified 
tRAD(max.) limit, then access time is controlled by tAA. 

CAPACITANCE 
(TA=25°C, V00=5V± 10~, Vss=OV, unless otheiwise noted.) 

SYMBOL 

Input Capacitance(J\o-A9, WE, CAS, RAS ) 25 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) 15 pF 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

1------------------ tRC(2)-----------------+I 

IASR(4) -

tRCS(16) -ICAS(14)-

V1H

V1L - ..... - ..... -~"-'-"'-'-""-"'-..... '"""-'-..... .,, -ICAC(13)-

-tAA(12)-

lcLZ1411I-

DO 

I 4---------fRAC(11)------t---lrol-+---------+--o.,j 

VoH - -----+--------HIGH-z--------ci/ 
VOL -

EARLY WRITE CYCLE 

1---------------,-.----IRC(2J----------------I 

I +-------kSH(42}-----------1 .. I 

1---------IAR(2J)--------• 

IASR(4l - - IRAH(51-

ROW ADDRESS COLUMN ADDRESS 

IASC(Bl - -tCAH(9)-

·------- IRCD(10)-------1 .. i 

V1H

V1L --'-'--'-""'-~ ... ""-'--'L..,,j:.....i:-"".J.-'--'-""'-~~--+-+---....iF-""-"' ..... ""-""-"""'~-..... ""-..... ""'-"'-""-..... """""""""-'-..... ""'-""-

DO 
V1H-

V1L - ........ ""-""'-""-""+'"'-'1"""""-"'-"'-'-............... ___ __, ______ ...,, '"""'-'-""-'-"-""-'-""'-"""'~"""'"""'"""'"""'-'-""-'-''""""""'"""' 

•---------toHR(29)----
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

V1H-
A-O-Ae V1L-

V1H-

WE V1L-

00 Ill 
FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L 
-

PxJAe 
V1H-

V1L --

V1H ·- -----...i 
V1L -- :.....i:....i;-'-"'-"'-ol .... ~~-..... ~-'--"-''-'-+-..... +---4;..{.."'-'-"-'-'-"-'-"'-"-~~---4-'-"'-'-'~-'-"-"-''--l~-'--

00. 
Vn-1 - ~,...,...,..,....._..11~----~ 

V1L - ---*# l'------~ ~-'-*"'~-----•r ... ._..._"-''-'-'-"' -,_ ____ _,, ---"""'-'-'--"""'-'-
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l-+-----------'--------IRC(2)---------------I 

DO 

1~---IRP\3)-

V1H----~.1 ... 1------------1RAS(1)-·---------1 

V1L-

V1H

v,l-

VoH-

.vol-

IASR(4) - - IRAH(5)-

ROW ADDRESS 

--------------------~HIGH-z~-------------------

CAS-BEFORE-RAS REFRESH CYCLE 

WE 

DO 

4-68 

V1H

V1l -

V1H-
Vil-

VoH-

Vol-

1---------IRAS(11------+I 

-tRPC(34)-

~ ~ -tcHR(36)-

t~"~ HIGH-Z 



HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

JilDDEN REFRESH CYCLE(READ) 

00 

-IRPi31--
---... Il .. 1-------IRAS111------1•1 ~-----o.I 1.------IRASP1-----+1 

I~ -IRco1101- -1RsHps1-

V1H-

V1H

IASc1a1 -

-IRAD(7)-

IRAH(5) 

IASR(4! - ___. 

V1L - """'-"""'----~--""""'-

IRAL(6)-

- lcAH(9) 

-tcAC(13) 

VoH - ---HIGH-Z-----""""' 
VOL -

lcLZ(41) 

1------ICHR(36)-

VALID DATA 

IDDDEN REFRESH CYCLE(WRITE) 

00 

V1H------1 

V1L -

1------IRAS(11----• 

-----IAR(24)-+-1---..-.I 

IASR(4) - - IRAH(S) 

l-.----tcHR(36)-

V1H~ ............................................. ~ ~ .... -----------1 ~ .................. ..,.. .... ..,..,......,...,..., ........ ..,.. ........................... ,...,..,..,... 

VIL ~._,,_.,*-'""""-'-'-'-1<-*-'_.,"'""'IJ"~l....-----------.1!'"'""'""'.._."""-'-'-'-'-"""-'-'-""-'-l..l../-1.J."--''-'.-,.""""--'""'""""'-'• 

1+-------IDHR(29) ------• 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

ICSR(351 -
1--------------IRAS(ll------------+1 

14------IRSH(15)-----•I 

1------tcAS(14)-

V1H - ~J""'r.,..,."7""l~.,......,..,..,...,...,..,...,...,..,...,...,..,...,...,...,_.i ___ ....,~--...l __ ..,..,...,_..,.., ..... Mo. .............. _____ _ 

V1L -.t..l.~'-'-.l..l.-'-''-++.i:...L..t...1.~l...l...t....'-L..t....'-'-1.11---.;.;,;;;.;;;.~~--..... ~"-J-i'-"J...'-L~'-"~;.L~~""-Li.~(...I.~'-

READ CYCLE 

00 

!WRP(43) 

-IRRH(18) 

V1H ~ r-7..,..~-----+-+--~.,..,_,..'7""'1,...,.~,..,......1.,.....----4+-------------~---ii---....i~ .... ---
V1L --

4--- IRCH(17)-

WRITE CYCLE 

lcwL(33) 

twAP(43) twRH(44) 
\RWL(3?) 

V1H - ,..,..,..,... _____ ...,...,..,,......,..,,......,..,_ 

V1L-

00 
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HYM581000A 1,048,576X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM581000AM 

UNIT: mm 

3.38 

l 
88.9 -

I 
$3.18± 0.08 I 

82.14 

!~1~1 \ c::: ::J [.:: ::J e 
~ 000000000000000000000000000000~ 

2.03- ~ -Tl- -11-
2.54 1.78MAX 

5.59' 73.66 ~ -

5.0SMAX 

1-1 

J Cl 
11-11-

1:27± 0.08 

TOLERANCE : ± 0.13mm 

* DETAIL OF CONTACTS 

0.25MAX! no o 
l 

4-71 



MEMO 



DESCRIPfION 

The HYMS81000BM is a lM words by Shits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HYS14400AJ 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mount~d under all the DRAMs. _ 

HYM581000BM is a socket type single-in 
line module suitalil~1or easy interchange and 
addition of lM bytes memory. 

BLOCK DIAGRAM 

Ao-Ag '>---------- ----0 DOo 

RAS u------t--+---
1MX4 

GAS u----___,f----+--1 

WE ( l---a---+-1---1---

1MX4 

PRELIMINARY 

M4C1200A-MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast· Access Time 

< ("": ~. 
f:CAC tPC f:: tRAc 

HYMSSlOOOBM-60 60 20 40 
HYM581000BM-70 70 20 45 
HYMSSlOOOBM-80 80 25 55 

• Single power supply of 5V ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

1.21W max (HYM581000BM-60) 
1.lOW max (HYM581000BM-70) 
0.99W max (HYM581000BM-80) 

• TfL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

Ao-~ ADDRESS INPUT 

DOo-DOr DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CN3 COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Yoo ( 1) 0 
CAS (2) 0 
DOo (3) D 
A.; (4) D 
A, (5) 0 
D01 (6) D 
A2 (7) D 
A3 (8) D 
Vss .(9) 0 
002 (10) 0 
~ ( 11) 0 
A5 (12) D 
003 (13) 0 
A5 (14) 0 
A1 (15) D 
D~ (16) D 
As ( 17) D 
Ag (18) D 
NC (19) D 
D05 (20) D 
WE (21) 0 
Vss (22) 0 
005 (23) 0 
NC (24) D 
007 (25) D 
NC (26) 0 
RAS (27) D 
NC (28) D 
NC (29) 0 
Voo (30) 0 

NOTES: 

I. Common CAS control for eighl data-in and data-out lines (DQ0-DQ7). 

2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out ( DQ0-DQ7 ). 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

VIN, Vom Voltage on Any Pin Relative to V ss 

Von Voltage on Von Relative to Vss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

8YMBOL PARAMETER MIN. 

Von Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

T\'P. 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDITIONS SPEED 

I Iu I Input Leakage Current(any input pin) Vss :'.S VIN :'.S Von 

IIwl 
Output Leakage Current for Vss:'.S Dom:'.SVoo 

RAS, CAS at Vrn High Impedance State 

-60 

lom V 00 Supply Current, Operating tRc = tRc(min) -70 

-80 

1002 V DD Supply Current, TIL Standby 
RAS, CAS at Vrn 

other inputs :'.'.: V ss 

-60 

1003 
V DD Supply Current, 

tRc=tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
Von Supply Current, 

Minimum Cycle -70 
Fast Page Mode 

-80 

Ions 
V DD Supply Current, RAS:'.'.: Voo-0.2V, CAS= 

CMOS Standby Vm, other inputs ?: V ss 

-60 

IoD6 
Von Supply Current, 

CAS-Before-RAS Refresh 
tRc = tRc(min.) -70 

-80 

VoL Output Low Voltage IoL=4.2.nA 

VoH Output High Voltage loH=-SmA 

NOTES: 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

so 
1.54 

MAX. 

5.5 

Voo+l 

0.8 

HYM581000BM 

MIN. MAX. 

- 20 

- 10 

- 220 

- 200 

- 180 

- 4 

- 220 

- 200 

- 180 

- 140 

- 120 

- 100 

- 2 

- 220 

- 200 

- 180 

- 0.4 

2.4 -

1. loo is dependent on output loading when the device output is selected, Specified IooCmax.) is measured with the output open. 

UNIT 
't 
oC 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless othenvise noted.) NOTES : 1. 2. 3 

. ·····~· ' 
~~E:m':R 

RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

Random Read or Write Cycle Time 120 130 150 ns 

RAS Prechange Time 50 50 60 ns 

Row Address Set-up Time 0 0 0 ns 

5 tRAH Row Address Hold Time 10 10 10 ns 

6 tRAL 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 9 

Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time 15 15 15 ns 

RAS to CAS Delay 20 40 20 50 20 55 ns 8 

11 tRAc Access Time from RAS 60 70 80 ns 4,8,9 

Access Time from Column Address 30 35 40 ns 4,9 

13 tcAC Access Time from CAS 20 20 25 ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

15 tRSH RAS Hold Time 20 20 25 ns 

16 tRCS Read Command Set-up Time 0 0 0 ns 

Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time 5 5 5 ns 

20 toFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width 15 15 15 ns 

22 tcP CAS Precharge Time 10 10 10 ns 

Column Address Hold Time from RAS 50 55 60 ns 

24 twcR Write Command Hold Time from RAS 50 55 60 ns 

25 twcs Write Command Set-up Time 0 0 0 ns 

26 twrn Write Command Hold Time 15 15 15 ns 

27 tos Data In Set-up Time 0 0 0 ns 7 

28 toH Data In Hold Time 15 15 15 ns 7 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

:· 
HYM581000BM 

# s\'MOOt· PARAMETER 60 70 80 UNIT NOTE 

~ _:_ MIN. MAX. MIN. MAX. MIN. MAX. 

29 to HR Data-In Hold Time Referenced to RAS 50 - 55 - 60 - ns 

30 tcPA Access Time from Column Precharge - 35 - 40 - 50 ns 4 

31 tPC Fast Page Mode Read or Write Cycle Time 40 - 45 - 55 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time( CAS Before RAS Cycle) 15 - 20 - 30 - ns 

37 tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 16 - 16 - 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

40 tcPT CAS Precharge Time(CBR Counter Test Cycle) 30 - 35 - 40 - ns 

41 tcu CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcsH CAS Hold Time 60 - 70 - 80 - ns 

43 tWRP WE to RAS Precharge Time( CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. Y1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Y1H and VIL· 
4. Measured with a load equivalent to 2 TIL loads and lOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC-
9. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a reference point only : If tllAD is greater than the specified 

tRAD(max.) limit, then access time is controlled by tAA· 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER 1YP. MAX. UNIT 

C1N Input Capacitance(Ao-A9, WE, CAS, RAS) - 25 pF 

CoQ 1/0 Capacitance(DQ0-DQ1) - 15 pF 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

1------------------IRC(21-----------------

RAS 
V1H-

Vtl ---,--

, _________ IAR(23) ______ __,.,, 

-----!------·~ 

fASR(4) - -fRAH(5)-

Ao-As 
V1H-

V1L-

CAS 
V1H-

V,L-

fRCS(16) -ICAS(14)-

V1H-
WE V1L-

-tCAC(13)-

-tAA(12J-

ICLZ(411)1+-

IRAC(11) 

DQ 
VoH-

Vol -
----+-------HIGH-z-------oCJ/ 

EARLY WRITE CYCLE 

1-------------------IRC(2)----------------+I 

---------!cSH(42)-----------t~I 

•~--~-----fAR(23)--------I 

IASRl4I - - IRAH(Si-

ROW ADDRESS COLUMN ADDRESS 

IASC(8) -- -tcAH(9)-

IRCD(10) 

V1H

V1L -...LJ....J...L.."'-il'-j..j'--'-'--'-J...L.."'-il~-'-';;il----f-+---~F-""""""-J...."'-'~-'""""-.._"-'~'-'-'"""'""""-""-"-''-'-'.._""'-

DQ 
V1H

v,L- ..l...J...~l...<'-":.j..L...1-J..~L.."'-il'-"-'--'--'-"-'.,.-------f"'-'-'"""'""""-"'-''-'"""'""""-"'-'-'-"'"""'".._""'-'-"'-'"""'".._-. 

1---------toHR(29)----
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

Ac-As 

WE 

DO 

V1H-

Vil-

V1H-

Vil-

VoH-

Vol-

-------------IRASP(39) -------------•I 
IRPi3J -

FAST PA.GE MODE EARLY WRITE CYCLE 

CPS 
V1H-

Vil-

Ac-As V1H-

Vil --

V1H

V1l -- ·-'-""-'-""-._.""""~-+-__.""""..._""-'--1-""~~+---"'""'-"""""""".-'"""-'-"""""'"""'.,.++--~--.._......,...,.,...._'--I...., ..... ..._ 

DO 
V1H - .,..,"""".,..~·....11!-----"'!L 

Vil-.._. ........... .., 
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HYM581000B l,048,576X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

DO 

l+--------------.,---tRC(2)---------------I 

i-----tRP!_3)-

V1H - ----i 1--~---------tRAS(1)---------~1 
V1L-

V1H

v,L-

tASR(4) - - lRAH(5)-

ROW ADDRESS 

~H- ~---....:..-----------------------------------
)

- ICAP(19.) 

V1L -

VoH-

-----------------~HIGH~----------------~ VOL-

CAS-BEFORE-RAS REFRESH CYCLE 

•---------tRAS(1)------•1 

-tAPC(34)-

V1H-
WE 

V1L-

r~ VoH-
DO HIGH-Z 

Vol-
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

IDDDEN REFRESH CYCLE (READ) 

DO 

-IRP(J)-
VIH - ----1 1-------IRAS111-------1~1 ~-----~1 l·------IRAS(l)-----1 

V1L-

lcRP(19J 
- -IRCD(10)- -IRSH(15)-

V1H

V1L-

V1H-

IASR(4)
IRAH(5) __. 

IASC(81-

IRAL(6J-

- lcAH(9) 

l-----lcHR(36)-

V1H - ..,....,....,....,.."'"".,...,...,.."""4 .... -+---+--------.... .,..~-.-----.1 .... ...,...,....,...,.. ................................................. -
ViL - --------

-- ICAC(131 ·---+----· IAA1121 

VoH - ---HIGH-z------wi 
Vol -

lcLZ(41) 

VALID DATA 

IDDDEN REFRESH CYCLE (WRITE) 

DO 

VIH------1 

V1L -

·-------IRASp)----· 

lcRP(19) - -IRCD(lO)- -IRSH(15)_. 

._----IAR(24)-+-1----+I 

IASR(4) _...., - IRAH(5) 

-IRP(J)- •-------IRAS(1)-----1 

l+----ICHR(361-

V1H - ~-.,..,,..,....,.._...,_.,...,..,...,.."" ~---------... 1 ,..,.._..,...,...,..,...,...,..,.. __ .,...,...,..,...,..,..,,.,...,..,......,..,..,...,..,...,...,.._ 

V1L - _. ____ """'+--........... .., -i'---------""'I'"""""""""'"""""""'""'"''""'""'"''-"""'"''-""""-'-"""""""" ... """'~"""' ... ~ ... ~ 

l+------loHR(29) -----+I 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

V1H-

V;L -

V1H -
V1H -

ICSR(351 -
1--------------IRAS!11------------1 

l+-----lcASi141-

IASC(8) lcAH(9) --V1H -- ..,..,...,..,..,..'r7'.,..,...+-...,...,..~.,..,,...,...,..,...,....,..,...,..."-~~---~C~O-LU~M~N------~,,..,...,..,...,....,..,...,....,..,...,..~~,..,...,...,..,..'r7'..,.,,...,..~ 

V1L - .J,J..J..<""'-1..J.-'--'~+-'-'-"'-'-""'-'"'""'-'--' .... *-"-'-"' ,, ____ A_o_o_R,.E.-s ... s ____ ;p- ''""'"""'-""""""'-""""""'-'-fol~'""'-f-+ 

READ CYCLE 

DO 

lwRPl43) 

- IRRH(181 

VrH- ,...,.,..,,...p.-------++----'"*'7..,..,...,..,..,...,..,..,,...,..r------------++------------------------------+-+-----+-------....,-,-,..,.~ 

V1L --

-IRCH(171-

WRITE CYCLE 

!CWL(33) 

\WRP(43) \WRH(44) 
\RWL(321 

DO 
~·"~'~ _,,..,~ 

~::~ 1//1//!lllllll//l//IL VALID DATAj'///j'/////,Jffe//////i 
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HYM581000B 1,048,576X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM581000BM 

UNIT: mm 

3.38 
1-- l 88.9 ... - -I <!>3.18±0.08 l 

82.14· 

--~ 

l§r~1 \ C::: ::J [:: ::J e 
~ OD DD 0 DD 0 DD OD 0 0 0 DO OD ODO DODO 0 0 0 o-

2.03- f.- -11- -11-
2.54 1.78MAX 

559 
4 73.66 -

5.08MAX 

1-1 

J q 
il ~II-

1.27+ 0.08 

TOLERANCE : + 0.13mm 

* DETAIL OF CONTACTS 

0.25MAXJ o o o 
l 
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DESCRIPTION 

The HYM581000BLM is a lM words by Shits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HYS14400ALJ 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS81000BLM is a socket type single-in 
line module suitable for easy interchange and 
addition of lM bytes memory. 

BLOCK DIAGRAM 

,..._ 
-0 v OOo 

0 ~ 001 
1MX4 

'-' '-' 

\J ~ 

OE 

,h 

'---i '-' 

Q 005 
1MX4 

'I--- '-' 005 

0°"7 

OE 

~ 

PRELIMINARY 

M4K1200A-MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

..,,.,-
;-, 

~c·· k~c· t~ ·.· , 

HYMS81000BLM-60 60 20 40 
HYMS81000BLM-70 70 20 4S 
HYMS81000BLM-80 80 2S SS 

• Single power supply of SV ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

1.21W max (HYM581000BLM-60) 
1.lOW max (HYM581000BLM-70) 
0.99W max (HYM581000BLM-80) 

• TTL compatible inputs and outputs 
• 1024 refresh cycles/128ms 

PIN NAMES 

~-Ae ADDRESS INPUT 

DOo-DOr DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 

4-SS 

Ill 



HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 0 
CAS (2) 0 
DOo (3) D 
A.J (4) 0 
Ai (5) 0 
001 (6) 0 
A2 (7) 0 
A3 (8) D 
Vss (9) D 
002 (10) 0 
~ ( 11) D 
A5 (12) D 
D03 (13) 0 
A6 (14) D 
A1 (15) 0 
D~ (16) D 
As ( 17) D 
Ag (18) 0 
NC (19) 0 
D05 (20) D 
WE (21) 0 
Vss (22) D 
D05 (23) D 
NC (24) D 
D01 (25) D 
NC (26) 0 
RAS (27) D 
NC (28) D 
NC (29) D 
Voo (30) D 

NOTES: 

I. Common CAS control for t:ighl dala-in and dala-oul line' (l>()o-D<)?). 
2. The common 1/0 feature diclale' lhe use of only early ~rile operations to prevent conlenlion on dala-in and dala-out (D()o-D(,)7). 
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

VIN, VoUT Voltage on Any Pin Relative to V ss 

Von Voltage on V DD Relative to V ss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Von Supply Voltage 4.5 

Vm Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

TYP. 

s.o 

-

-

DC CHARACTERISTICS 
(TA=0°C to 70°C, Von=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(any input pin) Vss:=:V1N::: Vno 

I Iw I 
Output Leakage Current for Vss:=: DoUT:=:Voo 

RAS, CAS at Vrn High Impedance State 

-60 

lorn V oo Supply Current, Operating tRc = tRc(min) -70 

-80 

1002 Voo Supply Current, TTL Standby 
RAS, CAS at Vm 

other inputs '.:: V ss 

-60 

1003 
V oo Supply Current, 

tRc=tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
Von Supply Current, 

Minimum Cycle -70 
Fast Page Mode 

-80 

Ions 
Voo Supply Current, RAS'.:: Vno-0.2V, CAS= 

CMOS Standby Vm, other inputs'.:: Vss 

-60 

1006 
Voo Supply Current, 

CAS-Before-RAS Refresh 
tRc=tRcCmin.) -70 

-80 

CAS=CBR cycling or 0.2V, 

OE=WE=Von-0.2V, 

Add=Voo-0.2V or 0.2V, 

V oo Supply Current, I/O=Von-o.2V or 0.2V or open, 

1007 Battery Back up tRc= 12Sµs, tRAS=tRAS(min.) 

-300ns 

Same as above 

except tRAs=300ns-lµs 

VoL 
r--

Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=~smA 

NOTES: 

RATING 

0 to 70 

-SS to 150 

-1.0 to 7.0 

-1.0 to 7.0 

so 

1.S4 

MAX. 
_;;_ 

S.5 

Von+l 

0.8 

HYMS81000BIM 

MIN. MAX. 
- 20 

- 10 

- 220 

- 200 

- 180 

- 4 

- 220 

- 200 

- 180 

- 140 

- 120 

- 100 

- 0.4 

- 220 

- 200 

- 180 

- 0.6 

- 0.8 

- 0.4 

2.4 -

I. loo is dependent on output loading when the device output is selected, Specilied loo(max.) is measured with the output open. 

UNIT 
oc 
oc 

v 
v 

mA 

w 

UNIT" 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

mA 1 

mA 1, s 

v 
v 
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 1. 2. 3 

-c::- ~ ,,' ;~ ~ v ~ J'2·~J00p ···~'101~ \ ,, 

1r<~~··· ' •#: SiMBQI+ :.: PARAMEml ;.:r:' ·•··~·,:.'./ I , '<7c(,'·? ·· .. ······:'7" 
' : ·<« :,. ,• 

1/ 

:1.L ;·~:.,.;l~~i ·'·· i't/;' ~ :;.;; ~ ·~ _:. ·;:.,, ····'t···.l, '2:.:L' 
1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

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

3 tRP RAS Prechange Time so - 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 tRAL Column Address to RAS Lead Time 30 - 35 - 40 - ns 

7 tRAl) RAS to Column Address Delay Time lS 30 15 35 lS 40 ns 9 

8 tAsc Column Address Set-up Time 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time 15 - lS - 15 - ns 

10 tRCD RAS to CAS Delay 20 40 20 so 20 SS ns 8 

11 tRAC Access Time from RAS - 60 - 70 - 80 ns 4,8,9 

12 tAA Access Time from Column Address - 30 - 35 - 40 ns 4,9 

13 tcAC Access Time from CAS - 20 - 20 - 2S ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

lS tRSH RAS Hold Time 20 - 20 - 2S -· ns 

16 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time s - 5 - 5 - ns 

20 to FF Output Buffer Tum"'.Off Delay 0 20 0 20 0 20 ns s 
21 twp Write Command Pulse Width 15 - 15 - lS - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS so - 5S - 60 - ns 

24 twcR Write Command Hold Time from RAS 50 - 55 - 60 - ns 

2S twcs Write Command Set-up Time 0 - 0 - 0 - ns 

26 twcH Write Command Hold Time lS - 15 - 15 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 toH Data In Hold Time 15 - lS - 15 - ns 7 
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HYM581000BL 1,048,576X8~Bit CMOS DRAM MODULE 

29 tnHR Data-In Hold Time Referenced to RAS 50 55 60 ns 

30 tcPA Access Time from Column Precharge 35 40 50 ns 4 

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

Write Command to RAS Lead Time 20 20 25- ns 

33 tcWL Write Command to CAS Lead Time 20 20 25 ns 

34 tRPc RAS to CAS Precharge Time 0 0 0 ns 

35 tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 10 10 ns 

36 tcHR CAS Hold Time( CAS Before RAS Cycle) 15 20 30 ns 

37 h Transition- -Time( Rise and Fall) 3 50 3 50 3 50 - ns 3 

38 tREF Refresh Period 128 128 128 ms 

39 tRASp RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

40 tcvr CAS Precharge Tune(CBR Counter Test Cycle) 30 35 40 ns 

41 tciz CAS to Output Low Impedance 0 0 0 ns 4 

42 tcstt CAS Hold Time 60 70 80 ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 10 10 ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 10 10 ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between VJH and Viv 

4. Measured with a load equivalent to 2 TIL loads and lOOpF. 
S. topp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

6. Either tRcH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAs' leading edge in early write cycles. 
8. Operation within the tRcnCmax.) limit insures that tRAc(max.) can be met tRcoCmax.) is specified as a reference point only : If tRCD is greater than the specified 

tRcnCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAQ(max.) limit insures that tRAc(max.) can be met tRAo(max.) is specified as a reference point only : If tRAD is greater than the specified 

tRAD(max.) limit, then access time is controlled by tAA· 

CAPACITANCE 
(TA=25°C, Vnn=SV± 10%, Yss=OV, unless othetwise noted.) 

Input Capacitance(Ao-A9, WE, CAS, RAS) 25 pF 

CDQ I/O Capacitance(DQ0-DQ1) 15 pF 
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

!------------------ tRC(2)·------------------I 

V1H - ----o.1 l .. 1---------tAR(23)------~•I 
V1L - "1·----------'----IRAS(1) ____ ,__ _____ • 

4--------lcSH(42)·-----------M 
--+---•I IASR(4) -

-IRAH(S)-

IRCS(16) _,CAS(14)-

V1H- ..,..,...,...,...,,.......,. ..... .,....,..,..,...,..,..,...,..~ .... ----+------+-+-----............ ~ ...................... ....,....,_ 
V1L - -----.----------,,, -ICAC(13)-

-IAA(12)-

lcLZ(411) I+--

DO 

1•---------IRAC(11)------1---Jr-1-+---------"'""'--111._ 

VoH - ----+-------HIGH-z-------oGJ 
VOL -

EARLY WRITE CYCLE 

1------------------IRC(2)----------------1 

"l·------------IRAS(!)----------•111 

•--------lcsH(42)----------~I 

1---------tAR(23)--------I 

IASR(4l - - tRAH(S)-

ROW ADDRESS COLUMN ADDRESS 

IASC(8) - -ICAH(9)-

·------- IRC0(10) 

V1H

V1L -...l.-'--'-""-""-41-~'-'"-'1:....l...l.-'-"""'-""-""-~"---+-+---~F-""'-'-"""'-.J.."'-'-'"-'-'-"""-"""-"""-.-."'-"'-''-'"'""""""""""'"""-.._"'-

DO 
V1H-

V1L- """'-""-""-""-"'-~:....l-""-'--'-"""'-""-""-"'-'"-'1'-'J".,_ _____ ..,..'-""-~"""'-'-"""-----"""""-------...... --... 

1---------tOHA129)----
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HYM581000BL 1,048,576X 8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

A<J-Ae 

WE 

DO 

V1H-

Vil-

V1H-

Vil-

VoH

Vol-

FAST PAGE MODE EARLY WRITE CYCLE 

CN3 
V1H-

Vil 
-

A<J-Ae V1H-

Vil --

V1H - __ ...,..!;:;;::;~ti;;:;::;;:;-:-1~1 ,_,..., __ 

Vil -- ........................... '"'-I~-+-..... ~ ............................. ..,__....., __ .._..-.................................. __ ~ ......................... ._ .............. _._ 

DO 
V1H - .,....,...,..,....,.." Jlt"'"------t 

Vil - .._. ......... ,,_, 
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1-----------------IRC121---------------1 

•-----IRP\3)-

V1H - ---...i l•-----------IRAS(1)-----------1~1 ~--------i 
V1L-

IASR(4) - _ ,RAH(5)-

~-As ROW ADDRESS 

J
-lcRP(19) 

V1H- ---------------------------------------------------------
v,L -

DO 
VoH-

--------------------------~HIGH-z---------------------------~ Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

V1H-
WE V1L-

DO 
VoH-

Vol-
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

IIlDDEN REFRESH CYCLE (READ) 

DO 

-IRP13J--
VIH - ----1 14-------IRAS,1,---------1 .. 1 IJ0-----.. 1 l·------IRAS111-----1 

V1H-

I~ -IRCDi10)- _,RSHi15)-

IRAH(5) 

IASR1•1- -

IRAL(6)-

- ICAH(9) 

14-----ICHRi36l-

V1H - .,...,....,....,....,....,.....,.....,....-+ .... -+-----+-----------------.... ..,...~.,_;------.1 ..... .._,. ..... ..,....,....,.....,.-....., ..... +.o ..... ..,....,....,....,...._ 
V1L - __ ....__..,_ ___ _ 

- lcACi13) 

14----+----I IAA1121 

VoH - ---HIGH-Z------~ 
Vol -

lcLZ(41) 

-IOFF(20) 

VALID DATA 

IIlDDEN REFRESH CYCLE(WRITE) 

DO 

V1H------i 

V1L -

14------IRAS111----· 

lcRP(19) - -IRCDilO)- -IRSH(1S)__. 

-----IAR(241-+-<~---• 

IASC(B) 

IASR(4l - - IRAH(5) ........ --lcAH(9)_. 

-IRPi31- 1------IRAS111------1 

l+----ICHR(361-

V1H_.,..,...,...,......,...,.......,.,_,......,.......,~ w-----------------~ ,.,..,..,...,..,..,...,......,..,......,..,......,...,.,......,...,......,... ..... ..,.. ........................ 
V1L -_.. ............................................ 1---------------------~~""""""-"""J...'-"'J...'-'J...'-'..l..'-.1.-'-'-'-"-''-'-'-'-'-'-~"-'~ 

l+------IDHR(291-----I 
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HYM581000BL 1,048,576X8-Bit. CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

•~-------------IRASt1)------------+ 

V1H- ------.1 

lcSR(35) •------IRSH(t5)-------'• 1 

- -tcHR(361- -tcPTt40)- t.------ICAS(14)-

IASCIB\ tcAH(9> --V1H - __ ....,..,...,..,...,..i,...,.,..,_.....,.,...,.....,...,..,_..,... .. _.i,--C-0-LU.;..M .... N __ ...,.,_ .., ______ ...._.__,..... _____ _ 

Vil -~~~.l..1.~'-4.+,.1:...L..l..i.'J..'-l..~'-L.l....""-IJ·'l---~A~D~D~R~E~S~S---:f'" 1"-'J...l..l.J...l..l..t....'"f-fo'--il"""'-f+"""-""""""-"J..."-'--'-

READ CYCLE 
-~-L--.-1 IOFFl20' 

DO VALID DATA 

!WRPl43) 

-tRRH(18) 

V1H - ,..,..,..d---44--..,..,..,..,...,..,""""'"7"":r'T'",....----++------..;._----++-~r---1..,.,r"'7'~.,.., 

V1L-

--tRCH(17)-

WRITE CYCLE 

ICWL(33) 

twRP(43) twRHl44) 
!RWL(32) 

V1H - --~-----.... "P""I,_.,..,,_.,..,"""' 
V,L-

"""" L-IDS(27)- -IDH(28)~/7 
[lQ ~:= !Jfti//J!////lll!//ll/4 VALID DATA f.W"-Jl$//.llff/ll@./ 
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HYM581000BL 1,048,576X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM581000BLM 

UNIT: mm 

5.08MAX 338 
·-~----------88.9 __________ _.._, 

.~ l 
<)>3.18±0.08 l---82.14---1 1-1 

. \ C:: ::J [,:: ::J e ~ Hl 
,i'lJ!Jl l ODOOOOOODDOODDDOOOOOOODOODDDOO-tl ~ 

-u- 7rlJ;- il ~11-
5.59 •i--------73.66----------~· 

2.03- ~ 

1.27 ±0.08 -
TOLERANCE : c 0.1 3mm Ill 

* DETAIL OF CONT ACTS 

0.25MAX i n no 
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DESCRIPTION 

The HYMS91000M is a lM words by 9 bits 
dynamic RAM module and consists of nine 
HYS31000J Fast Page mode CMOS DRAM in 
20/26 pin SOJ package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22µF de
coupling capacitors are mounted under all the 
lM DRAMs. 

HYMS91000M is suitable for easy inter;. 
change and addition of lM bytes memory with 
parity RAM. 

BLOCK DIAGRAM 

Ao-Ag n---____,,,__ ________ ~ 

RAs ( >---......,f-----------~ 

GAS <J----1o--+-if-----------~ 

WE ~ >---+-+-+--+-------~ 

M441201 C-JAN92 

FEATURES 

• Fast Page Mode operation 
• Fast access time 

tRAc icAC 

HYM591000M-60 60 20 

HYM591000M-70 70 20 

HYM591000M-80 80 20 

HYM591000M-10 100 25 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden 

Refresh 
• Low power operating 

4.21W max (HYM591000M-60) 
3.71W max (HYM591000M-70) 
3.22W max (HYM591000M-80) 
2.72W max (HYM591000M-10) 

• TIL compatible inputs and outputs 
• 512 refresh cycles I 8ms 

PIN NAMES 

Ao-As ADDRESS INPUT 

DOo-DOr DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PO DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

·tPC 

40 

40 

45 

55 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER( +5V) 

Vss GROUND 

005 

005 

007 

PO 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

HYM591000M 

Voo (1) 

CAS (2) 

DOo (3) 0 
A.J (4) 

Ai (5) 

D01 (6) 

A2 (7) 

A3 (8) 

Vss (9) 

D02 (10) 

A4 ( 11) 

A5 (12) 

003 (13) 

A5 (14) 

A1 (15) 

D~ (16) 

Aa ( 17) 

Ag (18) 

NC (19) 

005 (20) 

WE (21) 

Vss (22) 

005 (23) 

NC (24) 

007 (25) 

PO (26) 

RAS (27) 

g[:: ::J 
~[:: ::] 
BC::: ::] 
~[:: ::] 
g[: ::::: 
~[:: ::::: 
g[:: ::::: 

PCAS (28) 

PD (29) 

Voo (30) g[: ::::: 
0 

NOTES: 
I. Common CAS control for eight data-in and data-out lines (DQO-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQO-DQ7). 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM· MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

Y1N. YouT Voltage on Any Pin Relative to Yss 

Yoo Voltage on Yoo Relative to Yss 

lo~ Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.5 

Yrn Input High Voltage 2.4 

Yu. Input Low Voltage -1.0 

NOTE : All voltages are reference to Vss· 

DC CHARACTERISTICS 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

5.4 

TYP. MAX. 

5.0 5.5 

- Yoo+l 

- 0.8 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted) 

f SYMBOL 

I Iu I 

I lw I 

1001 

looJ 

PARAMETER 

Input Leakage Current(any input pin) 

Output Leakage Current for 
High Impedance State 

V oo Supply Current, Operating 

VDD Supply Current, 

RAS-only Refresh 

TEST CONDmONS 

Yss ::;: YrN ::;: Yoo 

Yss::;: DouT::;: Yoo 
RAS, CAS at Vm 

tRc = tRc(min.) 

SPEED 

-60 

-70 

-80 

-10 

HYM591000M 

MIN. MAX 

90 

IO 

765 

675 

585 

495 

-60 765 

-70 675 

-80 585 

-10 495 

UNIT 

't 
oc 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA l, 2 

mA 2 

~ --+-------------------+-----------+----+-----+-----i---+---~ 

Ioo4 
VDo Supply Current, 

Fast page mode 
Minimum Cycle 

-60 585 

-70 495 

-80 405 
mA I, 2 

-10 315 
i--------+----------------------+----------+----1----+-----i---+---~ 

CMOS Standby 
9 Ioos 

VoD Supply Current, RAS ? V00-0.2V, CAS= 

Ym, other inputs ?. Yss 
mA 

-------------------------+------------+---1-----+----+------+-·---4 

1006 

Vim Supply Current, 

CAS-Before-RAS Refresh 
tRc = tRc(min.) 

-60 

-70 

-80 

-10 

765 

675 

585 
mA 2 

495 
r----- -------------------1-----------t----+-----+-----+---+---~ 

YoL 
r----- -

YoH 

NOTES: 

Output Low Voltage 

Output High Voltage 

loL=4.2mA 

IoH=-5mA 2.4 

I. loo is <kpemknl on output loading when the device output is selected, Specified 100(max.) is measured with output open. 

0.4 v 
v 

2. loo is dc·pendenl upon lhe number of address lransitions, Specified loo(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

·f>6'< 1 

•.. 70, Ii 80 • 10 ... !J~ NOTE 

M1K. iWAx. MIN. ~~~ ~1~t 'I\1Ax: NiIN: ·mi ~ 
tRAS RA'S Pulse Width 60 IOK 70 IOK 80 IOK IOO IOK ns 

2 tRc Random Read or Write Cycle Time I20 I30 I50 I80 OS 

3 tRP RAS Precharge Time 50 50 60 70 OS 

4 tAsR Row Address Set-up Time 0 0 0 0 OS 

5 tRAH Row Address Hold Time IO IO IO I5 ns 

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

7 tRAD RAS to Column Address Delay Time I5 30 I5 35 I5 40 20 50 OS 

Column Address Set-up Time 0 0 0 0 ns 

9 tcAH Column Address Hold Time I5 I5 I5 20 OS 

IO tRco RAS to CAS Delay 20 40 20 50 20 60 25 75 ns 2 

I I tRAC Access Time From RAS 60 70 80 IOO OS 3,4,5 

I2 tAA Access Time From Column Address 30 35 40 50 ns 5,7 

13 tcAc Access Time From CAS 20 20 20 25 OS 5,6 

I4 tCAs CAS Pulse Width 20 IOK 20 IOK 20 IOK 25 IOK ns 

15 tRsH RAS Hold Time 20 20 20 ~ rn 

I6 tRcs Read Command Set-up Time 0 0 0 0 OS 

17 tRcH Read Command Hold Time Referenced to CAS 0 0 0 0 ns 8 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 0 OS 8 

19 tcRP CAS to RAS Precharge Time 5 5 5 5 ns 

20 toFF Output Buffer Tum Off Delay 0 20 0 20 0 20 0 20 OS 9 

21 twp Write Command Pulse Width 15 15 15 20 OS 

22 tcP C AS Precharge Time 10 10 10 10 ns 

23 tAR Column Address Hold Time From RAS 50 55 60 75 OS 

24 twrn Write Command Hold Time From RAS 50 55 60 75 ns 

25 twcs Write Command Set-up Time 0 0 0 0 OS 10 

26 twcH Write Command Hold Time 15 I5 15 20 OS 

27 tos Data-In Set-up Time 0 0 0 0 ns 11 

28 toH Data-In Hold Time 15 15 15 20 OS 11 

29 toHR Data-In Hold Time Reference to RAS 50 55 60 75 OS 

30 tcPA Access Time From CAS Precharge 35 35 40 50 OS 5,12 

31 tpc Fast page mode Cycle time 40 40 45 55 OS 

32 tRwL Write Command to RAS Lead Time 20 20 20 25 OS 

33 tcw1 Write Command to CAS Lead Time 20 20 20 25 ns 

34 tRPC RAS to CAS Precharge Time () () () 0 ns 

35 tcsR CAS Set•up Time(CAS Before RAS Cycle) 5 5 5 5 OS 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

';-
· HYM591000M 

' 

~-·~vMBOL PARAMETER 60 70 80 10 UNff NO'.l1£ 

MIN. MAX. MIN. MAX. 
-'-

MJN. MAX. MIN. MAX, '• 

36 le HR CAS Hold Time(CAS Before RAS Cycle) 15 15 15 20 ns 

37 tT Transition Time(Rise and Fall) 3 50 3 50 3 50 3 50 ns 13,14 

38 tcLZ CAS to output in Low-z 0 0 0 0 ns 5 

39 tREF Refresh Interval(512 Cycle) 8 8 8 8 ms 15 

40 tRASP Fast page Mode RAS Pulse Width 60 70 80 100 ns 

41 le PT CAS Precharge Time(CBR Counter Test Cycle) 40 40 40 50 ns 

'.'llOTES: 
I. Operation within the IRAo(max.) limit insures that tRAcC max.) can be met. tRAo(max.) is specified as a referenced point only. If I RAD is greater tban the specified 

IRAo(max.) limit. then the acc~ss time is controlled by IAA and tcAC· 

2. Operation within the tRco(max.) limit insures that tRAC (max.) can be met. tRco(max.) is specified as a reference point only. IftRCD is greater than the specified 
tRco(max) limit. then the access time is controlled by tcAC· 

3. Assume IRAD s tRAo(max.). If tRAD is greater than tRAo(max.) then tRAC will increase by the amount that tRAD exc~eds lRAo(max). 

4. Assume IRCD s. tRcoCrnax.). If tRCD is greater than tRcoCmax.) then tRAC will increase by the amount that IRCD exceeds tRco(max). 
5. Measured with a load equivalent to two TTL loads and 100 pF. 

6. Assumes that tRcD 2 tRco(max.) and tRAD s IRAD(max.). 

7. Assumes that tRcD s tRcoCmax.)and IRAD 2 tRAo(max.). 
8. Either IRRH or tRCH must be satisfied for a read cycle. 

9. toFF and toH define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
10. twcs is not a restrictive. operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs ;:,. twcsCmin.), the cycle is an early 

write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 

11. tos and toH are referenced to the latter occurence of C AS or WE 

12. Access time is determined by the longer of tAA, tcAc.or tcPA· 
13. IT is measur~d between VIH(min.) and Vn.Cmax.). 
14. AC measurements assume tT=5ns. 

15. An initial pause of 200µs is required after power-up and followed at least 8 initialization cycles(any combination 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, Voo=SV± 10%, Vss=OV, unless otherwise noted) 

SYMBOL 
' 

~PARAMETER 
,' 

nr.-'- MAX. -::- UNIT; 

CtNI Input Capacitance(At1-A9, WE, CAS, RAS) - 60 pF 

C1N2 Input Capacitance(PD, PCAS) - 10 pF 

CoQ 1/0 Capacitance(DQo - DQ7 ) - 15 pf 

CPQ Output Capacitance(PQ) - 10 pf 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

RAS 

~-Ag 

CAS 

WE 

DQ 

V1H-

V1L-

IASA(41 -
V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

!+----------------- IRC(2) ________________ _. 

l---------IAR(23J --------<•I 
1''·------------IRAS(1J-----+------•lll 

-IRAH(5)-

IRCS(16J -tcAS(141-

-lcAC(13)-

-IAA(12)-

lcLZ(38),_ - IOFF(20) 
I +---------IRAC(111-------+--lir--+----------.+---" 

VoH - ------------1HIGH-z--------1u VALID DATA 
Vm -

EARLY WRITE CYCLE 

l-------------------IRCl2)----------------1 

RAS 
V1H-

V1L-
" 1------------IRAS(1) ----------•IJI 

l---------IAR(23J--------I 

IASRl41 - -IRAH(Si-

V1H-
ROW ADDRESS ~-Ag 

V1L-
COLUMN ADDRESS 

IASC(8) - -ICAH(9)-

V1H-
------+--------------.! 1

·-----IRSH(15)--

CAS V1L-

14------IRCD(10)-------4 

V1H

V1L - ................ '-''+'l:....-'--'--'-J.-"--''--"~-'-~-~l-+---.....l~..J...l...~i,...j"-"..J.-'-L-'--"--""-"'..J.-'--'-.1.-'--'"-''-'--'-

V1H

DQ 
V1L- ..................... "'+' ....................... """"'""""'""'""-..... ..,~--------oif'~ ....... """""'-'""""'-'-""-"'-'~~""""'""""'""--'-"'-'"-''-'-'--' 

·---------IOHR(29J-------<~I 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

1.-------------IRASP(40)------~J-------! 

V1H-

WE V1L - _..._-+...__ 

Dour • 
FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L 
-

AJ-Ag V1H-

V1L-

WE V1H-

V1L-

DQ 
V1H - 7"'":,..,."'7"'.,...LJll~----~ 

V1L - ..._. ...... .._.._, J'o------'1 ""-'-~'~-----If,.,..__._. ...... _,, .,,_ ____ -i __ .._ ................. .._..._. ...... _ 
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HY-M591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

Ao-As 

DQ 

l----------------IRC(2)---------------1 

l----l1RP(3)

V1H - ---..i l'"1------------·tRA$(1) ---------~I ~---------1 

V1L-

IASR(4) - - IRAH(5)-

V1H- ,-,""""Jr ....... ----~,..,~...,...,....,..-i,....,....,.....,-.,...,...,...,...,...,...,...,...,....,....,....,...,....,....,....,....,.,.,,....,....,....,....,....,... ..... ~ 

Vil-
ROW ADDRESS 

A
-lcRP(19) 

~H- ~1r---------------------------------..... ..-----------
V1L -

VoH-

-----------------------~HIGH~----------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE . 

DQ 

4-104 

VoH

VoL-

1--------IRAS(1)------+I 

-tRPC(34)-

lcP(22) lcSR(35) 
- 4- -tcHR(36)-

-J:_OFF(20) -

~ HIGH"z------------------------



HYM591000 l,048,576 X 9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DO 

-IRP(3J--
VIH- ----11-------IRAS(l)------1~1 1 ... -----.. 1 ----IRAS111-----1 

V1L-

I lcRP1191 
1-- -IRCDl10J- -IRSH(15J-

IASR(41-

V1H-

IASCl8J-

--IRAD171-

IRAH(5J -
IRAL161-

- lcAH(9) 

1------lcHR(36)-

V1H - "7""'"7""'.,.."7""'..,;-'7'""'7'""'7'""~ ..... -+---+--------.............................................................................................. ._ ______ .... 
V1L - """"'-'-"""-"""-"lo-"'-"--'-' 

-ICAC(13) 

IM1121 

VoH - -------------ur 
VoL -

ICLZ(38) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

1------IRAS(l) ____ _ -IRP(3)- ------IRAS(11------I 

V1H - -----"'
1 

1------ICHA(36)-

4------IAR(24)-+-l-----I 

IASR(4) - - IRAH(S) 

- twcH(26) 

V1H - __ ...., ___ ..... ____ ~---------... 1 ,.,..,..,...,...,.., __ ..,._...,......,_....., .......... ..__..,.. ____ _ 

DO 
V1L -;...i. .... ~""-~~ .... "'-"' .... *l""f-~~~~~~~~Jf"~'""'".l..J.~l..l...J....(../...l..J...L.'-1.J..,j:..L.l.J..1..J...l...l..l..i...J'-'-L.l..J...'-I-

l-------toHR(29) -----• 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

-------------\RAS(1)------------

tcSRi351 1------tRSH(15)-----

- -tcHR(36J- -tCPT(41)- l-+-----\cAS(14)-

READ CYCLE 
-tCAC(13)-

DQ VALID DATA 

-IRRH(18) 

V1H~ ,.........,,.......,...,...,..,.....~...,..-i,.......,..,...,..,......,...,...,....,... ________ 1+--------------~-----t--------,17;r-rT'?"7 

V1L -- '""'""'-'-'-"""" ............. """""'-' ...... """" ...... _._ ...... _ 

-IRCH(17)-

WRITE CYCLE 

V1H - ____ ..... ..,..,..... ..... ......,,.......,..,._,..,..,..._ -1wcs12s1-

V1L -'-i...i...J'-'.l..l....i...J'-'.l..l....i..l.:..L.i..J.J...'-'-.i..J...l..i.~--------..j4.--------.JF~..L.l.~~..L.l.~l-J.J.J.-'-""""'-' ................. 

~ l;--tos(27)- -IDH(28)-i.n 

DQ ~:: = 1/1///l/lll//////Ji 11/fif' VAIJ() DATA . fVJ/11/////////1$/ffe 
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PACKAGE INFORMATION 

HYM591000M 

HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 

88.90±0.13 

82.14±0.13 

* DETAIL OF CONTACTS 

0.25MAXJ o o o , 

UNIT: mm 

-I 1.27±0.08 

-1 
5.08 MAX. 
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DESCRIPTION 

The HYMS91000AM is a lM words by 9bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HYS14400J 
and one HYS31000J both in 20/26 pin SOJ 
mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22µF decoupling capacitors are moun
ted under all the DRAMs. 

HYMS91000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of lM bytes memory with parity RAM. 

BLOCK DIAGRAM 

Ao-Ag \J 

0 

V" 

\J 

._ 
... 

L--. 

v 

1MX4 

OE 

~ 

1MX4 

OE 

~ 

1MX1 

'-' 

~ 

._, 

-0 

'-' 

-.._, 

~ 

-0 

-0 

J">. .,,_, 

DOo 

DOs 

DD? 

PO 

PD 

M481202A-JAN92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

so 
2S SS 

HYMS91000AM-10 100 2S 60 
• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operating 

1.46W max (HYMS91000AM-70) 
1.30W max (HYMS91000AM-80) 
l.13W max (HYMS91000AM-10) 

• 1TL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

Ao-As ADDRESS INPUT 

DOo·D01 DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PO DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM591000A 1,048,576 X 9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 0 
CAS (2) 0 
DOo (3) D 
~ (4) 0 
Ai (5) 0 
oo, (6) 0 
A2 (7) 0 
AJ (8) D 
Vss (9) D 
002 (10) D 
~ (11) D 
A5 (12) D 
003 (13) D 
A5 (14) D 
A7 (15) 0 
D~ (16) D 
Aa (17) 0 
As (18) D 
NC (19) 0 
005 (20) 0 
WE (21) 0 
Vss (22) D 
005 (23) 0 
NC (24) 0 
007 (25) 0 
PO (26) 0 
RAS (27) 0 
PCAS (28) 0 
PD (29) 0 
Voo (30) 0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 ft:ature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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HYM591000A 1,048,576X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N. Vom Voltage on Any Pin Relative to V ss 

Yoo Voltage on Vnn Relative to Vss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

so 
1.8 

TYP. MAX. 

5.0 5.5 

- Vno+I 

- 0.8 

(TA =0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

HYM591000AM 
SYMBOL PARAMETER TEST CONDITTONS SPEED 

MIN. MAX. 

I Iu I Input Leakage Current(any input pin) Vss S V1N S Vno - 30 

I Iw I 
Output Leakage Current for Vss S. DomS. Vnn 

-- -- - IO 
High Impedance State RAS, CAS at Vrn 

-70 - 265 

lorn VDD Supply Current, Operating tRc = tRc(min) -80 - 235 

-10 - 205 
!----

In02 Von Supply Current, TTL Standby 
RAS, CAS at Vrn 

other inputs?_ V ss 
- 6 

-70 - 265 

1003 
Von Supply Current, 

tRc=tRc(min.) -80 - 235 
RAS-only Refresh 

-10 - 205 
i-------· 

-70 - 215 

1Dn4 
V DD Supply Current, 

Minimum Cycle -80 - 185 
Fast Page Mode 

-10 155 -
!----·--

Von Supply Current, RAS2'.Vnn-0.2V, CAS= 
Ions - 3 

CMOS Standby Vrn, other inputs2'.Vss 

-70 - 265 
Von Supply Current, --· ---~-~-

InD6 - - tRc=tRcCmin.) -80 - 235 
CAS-Before-RAS Refresh 

-10 - 205 
·-

VoL Output Low Voltage loL=4.2mA - 0.4 
!-------· 

Yott Output High Voltage lott=-5mA 2.4 -

NOTES: 
I. Inn is dependent on output loading when the device output is selected, Specified IooCmax.) is measured with the output open. 

UNIT 

oc 
oc 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UN ff NOTE 

µA 

µA 

mA I 

mA 

mA 

--

mA I 

mA 

mA 

v 
v 
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HYM591000A 1,048;576X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTEs: 1. 2.3 

F : H¥M$91ooo+m y 

...::.. ..ih 

# SYMBOL PARAMETER 70 
::. 

ii\.:. ; / ,o UNIT NOTE 
...::.. 

. MIN. Mk ;:MIN~· Mµ.· MIN . mx:· 
"-

1 tRAS RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

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

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

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

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

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

7 tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 9 

8 tASC Column Address Set-up Time 0 - 0 - 0 - OS 

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

10 tRCD RAS to CAS Delay 20 50 20 55 25 75 ns 8 

11 tRAc Access Time from RAS - 70 - 80 - 100 ns 4,8,9 

12 tAA Access Time from Column Address - 35 - 40 - 50 ns 4,9 

13 tcAC Access Time from CAS - 20 - 25 - 25 ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 25 lOK 25 lOK ns 

15 tRSH RAS Hold Time 20 - 25 - 25 - OS 

16 tRcs Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

20 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 5 

21 twp Write Command Pulse Width 15 - 15 - 20 - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS 55 - 60 - 80 - ns 

24 twcR Write Command Hold Time from RAS 55 - 60 - 80 - ns 

25 twcs Write Command Set-up Time 0 - 0 - 0 - ns 

26 twcH Write Command Hold Time 15 - 15 - 20 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 toH Data In Hold Time 15 - 15 - 20 - ns 7 
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HYM591000A 1,048,576X9-Bit CMOS DRAM MODULE 

-::- ~ 

m'.M:s9tOOOAM. t' '. 

#. SYMBOL J;>~R 70 80 
2 

io · UJ'Stf NOTE 

-"- L ·. MIN. MAX:'· MIN. .MAX.' MJN. Mt\X. 
29 to HR Data-In Hold Time Referenced to RAS 55 - 60 - 80 - ns 

30 fcPA Access Time from Column Precharge - 45 - 50 - 55 ns 4 

31 tpc Fast Page Mode Read or Write Cycle Time 50 - 55 - 60 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 25 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 25 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 fcSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 fcHR CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns 

37 h Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 16 - 16 - 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 lOOK 80 lOOK 100 lOOK ns 

40 tcYr CAS Precharge Time(CBR Counter Test Cycle~ 40 - 40 - 50 - ns 

41 tcu CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 fcsH CAS Hold Time 70 - 80 - 100 - ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

44 twRH WE to RAS Hold Time( CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signatS. Also, transition times are measured between YtH and YtL· 
4. Measured with a load equivalent to 2 ITL loads and lOOpF. 
S. lQpp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either IRCH or IRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met. IRcoCmax.) is specified as a reference point only : If IRCD is greater than the specified 

IRcoCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only : If lRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by IAA· 

CAPACITANCE 
(TA=2S°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL 
. . ,. ,«' --;: 

PARAMETER•· 
·: •· . 

,TYP.· .·~A~ .. ~ ...::.. .·. -= ..:::. -L .z_/ ,, l 

C1Nt Input Capacitance(Ao·A9, WE, CAS, RAS) - 25 pF 

C1N2 Input Capacitance(PD, PCAS) - 10 pF 

Coo 1/0 Capacitance(DQ0-DQ7) - 15 pF 

Cro Output Capacitance(PQ) - 10 pF 
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HYM591000A 1,048,576X9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

DO 

IASR(4) -, 

V1H

,,._ _________________ tRC(2)-----------------+I 

1---------tAR(23) ---------1•1 
l'l.l·------------tRAS(1)----4------• 

--------tcSH(4'2),--------L--->1 

-IRAH(5)-

COLUMN 
ADDRESS 

--I-----<• I 

IRCS(16) -tCAS(14)-

V1l - -"'-'--'-"-'-f""""'..--'-"'-"-'-'-"'-'--'-" -tCAC(13)

_tAA(121-

tCLZ(411)1+--+ 

tRAC(11) _____ _.,____.~~-+----------t---.I 
VoH - ____ ...., _______ HIGH-z--------..tJ/ 

Vol -

EARLY WRITE CYCLE 

14------------------tRC(2)----------------I 

"' 1 ------------1RAS(1)-----------1 ~ 

l4--------ksH(42)----------~I 

1---------IAR(23)-------1 

IASR(4) - -tRAH(5)-

ROW ADDRESS COLUMN ADDRESS 

V1H-

CAS Vil-

tRCD(10) 

V1H-

WE Vil-

DO 
V1H-

Vil-

IOHR(29) 
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HYM591000A 1,048,576X 9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

-------------IRASP(39) -------------+I 

V1H

Ao-As V1L - __ 1-c.._:=i- ,..__,,.__=-=~ 

V1H-

WE V1L - -----

DO 
VoH-

VOL-

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L-

Ao-As V1H-

V1L --

V1H- -----..i 

lcLZ(41) 

V1L -- -............. - ......... ,....-+~--~ ..... - ....................... - .......... - ........................ - ............... 1---..... ~-........... ~---.............. _ 

DO V1H - ~,...,..,...,. .. Ji~----""'i._ 

V1L- .......... _.,, 
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HYM591000A 1,048,576 X 9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l-----------------IRC(2J---------------I 

DQ 

V1H----...i 

V1L-

-----------1RA5(1)-----------'•I 

IASR(4) - - IRAH(5)-

ROW ADDRESS 

VoH-

1----IRP\3)-

------------------------------------------------HIGH~--------------------------------------------VoL-

CAS-BEFORE-RAS REFRESH CYCLE 

l-4--"'-------IRASl1)-------I 

-- IRPC(34)-

~ ~ -ICHR(36)-

V1H-
WE V1L-

- f~' DO 
VoH- HIGH-Z 
Vol-
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HYM591000A 1,048,576X 9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DQ 

-IRP(3)--
V1H - ----1 l4--------IRAS111------l•I 1 .. -----.. 1 14------IRAS111-----1 

V,L-

I~ -tRco1101- -1RsHps1-

IASRl•!

V1H-

IRAH(5) -
IASCiBI-

IRAL(6)-

- ICAH(9) 

1------lcHR(36)-

V1H - ..,....,....,....,...,;-..,.....,.....,.....,..; .... ~--+--------.+-..,...,... ..... ----..i--. ....... ...,...,....,....,...,....,...,,...,...,....,...,....,....,..'I"""!,_ 

V1L - """"'"-'-...... "'-"'+-............ ,_, 

lRAC(11) 

-ICAC(13) 

IAA1121 

VoH - ---HIGH-z-----.....,, 
VOL -

lcLZ(41) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

DQ 

VIH------i 

V1L -

1------lRAS(1) ____ _. 

1------lAR(24) +-l-----1 

lASC(B) 

IASR(4) - - lRAH(5) - 4-lcAH(9) ... 

-tRP(3)- '-------lRAS(1.l ____ _..., 

l4-----lCHR(36)-

V1H - .,..,._ ..... ,_..,...,..,...,..,..,,_ __ ~---------... 1 ,..,.._..,...,..,..,...,..,...,..,..,_.,.... ...................... .,..,..,.. .......... _ ..... _ 

V1L -."""'-'-"-'""""'""-"""' ..... "-'-'-... "'1"---------Jf"""'-'--'-'-'-J..l...l.J..l...l.-'-'-"""'-4.J.-'-1..1../-'-'-'-'-'--'-''-'--'-"-'~ 

l+-------lOHR(29) -----1 
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HYM591000A 1,048,576X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

~ l;--•os(27)- -10H12a>-{n 
DQ ~:=!////I/II lll/IJ////ll!fif VALID DATA fW//1 ////I/Ill !lllli! 
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HYM591000A 1,048,576 X 9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM591000AM 
UNIT: mm 

~·----l===============:::4-=--=--=--=--=--=--=--=--=--=--=--=--=--=-~-1 .. 
<)>3.18±0.08 l 

~\ c:: ::J [:: ::J [: ::J e ~r~11 DDOOOOOOOOODDOOOOOODODDDDDDDDD-
2.03- ~ -1 1- _., ,_ 

2.54 1.78MAX 
5.59 -------73.66-------..... 1 -

5.08MAX 

1-1 
z 

ll ~ 
8 
C\I 

il 
!_ 

il -II-
1.27±0.08 

TOLERANCE : ± 0.13mm 

* DETAIL OF CONTACTS 

0.25MAX ! DD D 
t 
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DESCRIYfION 

The HYMS91000BM is a lM words by 9bits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HYS14400AJ 
and one HYS31000AT both in 20/26 pin SOJ 
mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22µF decoupling capacitors are moun
ted-under all the DRAMs. 

HYMS91000BM. is a socket type single-in 
line module suitable-.for easy interchange and 
addition of lM bytes memory with parity RAM. 

BLOCK DIAGRAM 

Ao-Ag 0 '-J DOo 

0 ~ DO, 

0 1MY4 
'-' 

v ~ 

OE 

Jr-

~I -0 

IL .'--' D05 
1MY4 

u 

-0 DO; 

OE 
~-

.___, 
-0 PO 

.r.. 
'-' PD 

1MY1 

PRELIMINARY 

M4M 1200A-MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

tRAc fcAC tPC 

HYMS91000BM-60 60 20 40 
HYMS91000BM-70 70 20 4S 
HYMS91000BM-80 80 2S SS 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operating 

1.68W max (HYM591000BM-60) 
1.51W max (HYM591000BM-70) 
1.35W max (HYM591000BM-80) 

• TTL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

PQ-Ag ADDRESS INPUT 

D00-D01 DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PQ DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) D 
CAS (2) 0 
OOo (3) D 
A.J (4) D 
Ai (5) D 
oo,· (6) D 
A2 (7) D 
A3 (8) D 
Vss (9) D 
002 (10) D 
A4 (11) 0 
A5 (12) 0 
003 (13) D 
A5 (14) D 
A1 (15) D 
D~ (16) D 
Aa ( 17) D 
As (18) 0 
NC c19l D 
005 (20) D 
WE (21) 0 
Vss (22) 0 
005 (23) 0 
NC (24) 0 
007 (25) 0 
PO (26) 0 
RAS (27) D 
PCAS (28) D 
PD (29) 0 
Voo (30) 0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQo·DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ
7

). 
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HYM591000B 1,048,576X 9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTo Storage Temperature(Plastic) 

V1N, VoUT Voltage on Any Pin Relative to V ss 

Yoo Voltage on V oo Relative to V ss 

las Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Vno Supply Voltage 4.5 

V111 Input High Voltage 2.4 

Vu. Input Low Voltage -1.0 
-· 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

TIP. 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless othetwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

'"' 

I lu I Input Leakage Current(any input pin) Vss:::=V1N:::: Voo 

I lw I 
Output Leakage Current for Vss:::= DoUT:::: Voo 

----
High Impedance State RAS, CAS at Vrn 

-60 

1001 Voo Supply Current, Operating tRc=tRcCmin) -70 

-80 

1002 V oo Supply Current, TIL Standby 
RAS, CAS at Vrn 

other inputs 2: V ss 

-60 

1003 
Voo Supply Current, 

tRc = tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
V DD Supply Current, 

Minimum Cycle -70 
Fast Page Mode 

-80 

V DD Supply Current, RAS~ Voo-0.2V, CAS= 
loos 

CMOS Standby Vrn, other inputs ~ V ss 

-60 

lm>6 
VoD Supply Current, 

tRc = tRc(min.) -70 
CAS-Before-RAS Refresh 

-80 
t---

VoL Output Low Voltage loL=4.~mA 
t---

VoH Output High Voltage loH=-SmA 
'---

NOTES: 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

2.1 

MAX. 

5.5 

Voo+l 

0.8 

HYM591000BM 

MIN. MAX. 

- 30 

- 10 

- 305 

- 275 

- 245 

- 6 

- 305 

- 275 

- 245 

- 205 

- 175 

- 145 

- 3 

- 305 

- 275 

- 245 

- 0.4 

2.4 -

1. loo is dl'tiendent on output loading when the device output is selected, Specified looCmax.) is measured with the output open. 

UNIT 

't 
oc 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 
,, 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODUIE 

AC ·CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) NOTES: 1. 2. 3 

·+', ; .· <. ; : ,· .. <.· · •. >f : c·· .,, ,,.. '··' ·,;. 

. > ll\'Ms91000BM 
,, ' ·':C.·.; J) 

;:~. I ·.·. ,:. ,;:;::,~ .•. \'' .:.:;. I "; I , y·: ": ..... :-"-
# 8:~t I<,. :.r~tER ::c ~~-

.r'.;('' 
,';_< />70 / 80 umf:, 

.::.s >: 
', 

;I,~.: ;;,~ ¥JN~ \'.~· ~i MAX.: "; ,e;~~ ·•"'· •. :'·:·::'. .. :\ 
. ;<?b h•:'< ·r, ,;,:-. ',;: . 

-2 1.~,< . .:.:;..:.:;, 

1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

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

3 tRP RAS Prechange Time 50 - 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 tRAL 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 9 

8 tASC Column Address Set-up Tune 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time 15 - 15 - 15 - ns 

10 tRCD RAS to CAS Delay 20 40 20 50 20 60 ns 8 

11 tRAC Access Time from RAS - 60 - 70 - 80 ns 4,8,9 

12 tAA Access Time from Column Address - 30 - 35 - 40 ns 4,9 

13 tcAC Access Time from CAS - 20 - 20 - 25 ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

15 tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 5 - ns 

20 to FF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width 15 - 15 - 15 - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS 50 - 55 - 60 - ns 

24 twcR Write Command Hold Time from RAS 50 - 55 - 60 - ns 

25 twcs Write Command Set-up Time 0 - 0 - 0 - ns 

26 twcH Write Command Hold Time 15 - 15 - 15 - ns 

27 tns Data In Set-up Time 0 - 0 - 0 - ns 7 

28 toH Data In Hold Time 15 - 15 - 15 - ns 7 
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

ffiM5910()0BM . 
# SYMooL P;\RAMEtER 60 70 (}Jo 

.'I tJNfr' NOTE 

, L _:_ MIN. MAX. MIN. MAX. MIN:· MAX. ...:::. 
29 to HR Data-In Hold Time Referenced to RAS so - SS - 60 - ns 

30 tcPA Access Time from Column Precharge - 3S - 40 - so ns 4 

31 tpc Fast Page Mode Read or Write Cycle Time 40 - 4S - SS - ns 

32 tRWL Write Command to RAS Lead Time 20 - 20 - 2S - ns 

33 tcWL Write Command to CAS Lead Time 20 - 20 - 2S - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

3S tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) lS - 20 - 30 - ns 

37 tr Transition Time(Rise and Fall) 3 so 3 so 3 so ns 3 

38 tREF Refresh Period - 16 - 16 - 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

40 tcYr CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - so - ns 

41 tcLZ CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcSH CAS Hold Time 60 - 70 - 80 - ns 

43 tWRP WE to RAS Precharge Time( CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and Viv 
4. Measured with a load equivalent to 2 TTL loads and IOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 

tRco(max.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met tRAo(max.) is specified as a reference point only : If tRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by tAA· 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otherwise noted) 

SYMBOL PARAMETER 11'.P. .. MAX. v UNIT 

C1N1 Input Capacitance(Ao-A9, WE, CAS, RAS) - 2S pF 

C1N2 Input Capacitance(PD, PCAS) - 10 pF 

CoQ 1/0 Capacitance(DQ0-DQ1) - 15 pF 

CpQ Output Capacitance(PQ) - 10 pF 
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

REAU CYCLE 

RAS 
V1H-

V1L -

V1H-

~-~ 
V1L-

CAS 
V1H-

V1L-

V1H-

WE V1L-

DO 
VoH-

Vm -

IASR(4) -

, __________________ IRC(2) ________________ _., 

1---------IAR(23)-------

-tRAH(5)-

----'---------

.--'-ICAC(13)

-IAA(12)

ICLZ(4'1) I+--+ 
----------IRAC(11) 

----+--------IHIGH-z-------wll/ 

EARLY WRITE CYCLE 

1-------------------IRC(2)--------------,.---I 

"1------------IRAS(1)----------+IJI 

l•-------kSH(42)----------I 

l---------IAA(23)-------I 

-IRAH(51-

COLUMN ADDRESS 

IRCD(10) 

V1H

V1L - ..... .._.._..._.._ ..... ~-....._.-""-*'-'--'-""-""-.lmf~-....j.+----"lo;.,i.-'--'-J.-'--'1...j"""'-'--'-""-""-J.-4-'--'"-'-'..J.-'-.J.."-~ 

DO 
V1H-

v,L- -'--'-""-J.-'--''+'1~-'.J..J...l..""-""-'-''-il"-'J-,.._ _____ ..,,.~'-1...J...L..l....'-'"""''.J.-'-J...l...'-''-il""""''.J.-'-J...I.-~ 

l---------toHR(29)---· -
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

Ao-As 

WE 

DO 

V1H-

V1L-

V1H-

Vil-

VoH

Vm-

lcLZ(41) 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-'----

V1L 
-

Ao-As 
V1H-

V1L-

V1H-

V1L -~ ........................ """"l~-+--"'I'"'"" ....................... ~~+--....... --................................... ~ ...... --~--....................................... ..... 

DO 
V1H - ,...,,..,..,..~~Ji~----~ 

V1L-
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HYM591000B 1,048,576X9·Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1-----------------IAC(21---------------1 

DO 

V1H----...i 

v,L-
-----------IRAS(1J-----------1•1 

IASR(4) - - IRAH(5)-

ROW ADDRESS 

VoH-

•-----IRP\31-

~----------------~HIGH-Z~---------------~ Vm-

CAS-BEFORE-RAS ,REFRESH CYCLE 

WE 

DO 

4-128 
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v,l -

V1H-

v,l-

VoH-

Vol-

14--------IRAS(1)--------i•I 

-IRPC(34)-

~ ~ -tcHR(36)-

t~'~' HIGH-Z 



HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DO 

-IRP(J)--
VtH - ____ , 1-------IRAS11;------'~1 ~-----.. 1 1.------IRAS111-----1 ----

V1L -

I~ _,RC0(10)- -tRSH(15)-

IASR(4)

V1H-

IRAH(5) -
IASC(8J-

IRAL(6)-

-'tcAH(9) 

·-----1cHA(36)-

V1H - -r--r-..,--r-TT-.,.-.,.-.,.-.,..-t:r--+---+---------.+-.,.-,....ip..;..;.._...,.,....,...,...,...,....,...,....,..,.... ........ ..,...,...,.. ..... ,....,_ 

V1L - ""'""""'""-~ ...... ----
-tCAC(13) 

l---+---1 IAA(12) 

1------11RAC(11)--+--- 1 

VoH - ---HIGH-z-----..-tl 
Vm -

1cLZ(41) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

Ao-Ag 

DO 

V1H------i 

V1L -

1-------IRAS(l) ____ _. 

ICRP(19) - -IRC0(10)- -IRSH(1S)-+ 

1------IAR(24)~>-----I 

IASR(4) - - IRAH(5) 

-IRP(J)- ~-----IRAS(!)------• 

l4-----ICHA(36)-

V1H - ...... ..,..,..,...,...,...,......,..,..,,.... __ i..---------·I ,..,...,...,..,...,...,..,..,..,..,...,...,..,.. ............................... _ ..... .,..,..,.. ...... ..,.._ 

V1L - -..... .._.""'-"-'""'-"+o'""""-il""'-""""' 1.._-------~·'-'-L..l....l.:..L..l..l.'""'"""'-'--'~'-1..J...J.:..L..l..i..1-J...J...1..J..J..J...J...l..l..l...f-

l+-------IOHR(29) -----1 
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HYMS91000B 1,048,576X9-Bit CMOS DRAM MODULE 

-- --CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H - ------i 

tcSR(35) -
l+-------------tRAS(1)----~--------

-tCHR(36)- -tCPT(40)-

14------IRSH(15)------t~I 

14------ICAS(14)-

V1H -~ .,..,..,...,..,..,..,..,..,...p~,..,...,.."1"'7..,...,..,...,..."1"'7..,..,..,.,_i~~!!"!!"'--. ...... ---.l,.,..,."J""l,..,...,..."1"'7..,..'1'"47..,..."1"'7-!to+,..,.""P"l,..,._,..,."P"'!~ 

V1L -.1..1.:..,.""'""-'-'-''-++-4~.L.J.'..L..'-l.-'-<'-L-'-<"-'-l.l""l---..;,,:,:i;.:;;,:,.;.:;;;:;:::;:... __ -4~"'..t....'-'-..t....'-L~'-L-1'+''..L.L.f.~~i..J.~'-l..J...'-

READ CYCLE 

DO 
VoH___,, 

Vm-

twRP(43) twRH(44) 

- IRRH(18) 

V1H - ,..,.,..""*'---~-+--.... .,..,...,...,..,....,."J""l,..,..,..,..... ___ -++------------+...-.....ii---..... ~ ..... --..... 

V1L --

--IRCH(17)-

WRITE CYCLE 

!cWL(33) 

\WRP(43) \WRH(44) 
\RWL(32) 

V1H - ,..,....,..,... _____ .... ______ _ 

V1L-

.,..,,._ l;-!OS(27)- -tOH(28)_i
17 

00 ~==l/////J///$1/ff/ZI~ \b\LID DATA fW11////J//J/l//J///i 
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HYM591000B 1,048,576X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM591000BM 

UNIT: mm 

88.9 ·I 3.38 ... t -
I I 

<)>3.18± 0.08 1 
82.14 

5.08MAX 

j 

\ [:: :::::I [.:: ::J [:: ::J © 
~ ~1~1 DODODOODDODDOOODDDODODOOOOODDD-

2.03- '4-

559 • --
* DETAIL OF CONTACTS 

0.25MAX i no o 
t 

73.66 

-11- -11-
2.54 1.78MAX - 1.27± 0.08 

TOLERANCE : ± 0.13mm 

4-131 

Ill 



MEMO 



DESCRIPI10N 

The HYM591000BM is a lM words by 9 bits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HY514400ALJ 
and one HY531000ALJ both in 20/26 pin SOJ 
mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22µF decoupling capacitors are moun
ted under all the DRAMs. 

HYM591000BLM is a socket type single-in 
line module suitable for easy interchange and 
addition of lM bytes memory with parity RAM. 

BWCK DIAGRAM 

AQ·Ag 0 "'---' DOo 

0 "'---' oo, 

0 1MX4 
"'---' 

-0 

OE 

+-
._I '--' 

'-' 005 
1MX4 

'-' 

-0 007 

OE 

-r 
'---! -0 PO 

-0 PD 

1MX1 

PRELIMINARY 

M4N1200A-MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time ...,. 

tRAc fcAc tPC 
HYM591000BLM-60 60 20 40 
HYM591000BLM-70 70 20 45 
HYM591000BLM-80 80 25 55 

• Single power supply of 5V ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

1.68W max (HYM591000BLM-60) 
1.51W max (HYM591000BLM-70) 
1.35W max (HYM591000BLM-80) 

• TTL compatible inputs and outputs 
• 1024 refresh cycles/128ms 

PIN NAMES 

A-0-Ag ADDRESS INPUT 

DOo·DQ7 DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PQ DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

PCAS GAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (l) D 
CAS (2) 0 
DOo (3) D 
Ao (4) 0 
A1 (5) 0 
DO, (6) 0 
A2 (7) D 
A3 (8) 0 
Vss (9) D 
002 (10) D 
~ (11) 0 
A5 (12) 0 
D03 (13) D 
A5 (14) D 
A1 (15) D 
Deli (16) 0 
As (17) 0 
A9 (18) D 
NC c19) 0 
D05 (20) 0 
WE (21) 0 
Vss (22) 0 
005 (23) 0 
NC (24) 0 
D01 (25) 0 
PO (26) 0 
RAS (27) D 
PCAS (28) 0 
PD (29) 0 
Voo (30) D 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQ(rDQ 7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 
I / SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N, Vour Voltage on Any Pin Relative to V ss 

Von Voltage on V DD Relative to V ss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Von Supply Voltage 4.S 

Vm Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

. 

lYP. . 

s.o 
-

-

(TA=0°C to 70°C, Vno=SV± 10%, Vss=OV, unless otheIWise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(any input pin) Vss:::: VIN:::: Von 

I Iw I 
Output Leakage Current for Vss:S: Dour:S:Vnn 

RAS, CAS at Vm High Impedance State 

60 

Inm Vno Supply Current, Operating tRc=tRcCmin) 70 

80 

1002 Voo Supply Current, TTL Standby 
RAS, CAS at Vm 

other inputs ~ V ss 

60 

1003 
Von Supply Current, 

tRc=tRc(min.) 70 
RAS-only Refresh 

80 

60 

1004 
Vno Supply Current, 

Minimum Cycle 70 
Fast Page Mode 

80 

Ions 
Voo Supply Current, RAS~ Vno-0.2V, CAS= 

CMOS Standby Vrn, other inputs ~ V ss 

60 

Ion6 
Voo Supply Current, 

CAS-Before-RAS Refresh 
tRc=tRc(min.) 70 

80 

CAS=CBR cycling or o.2V, 

OE=WE=Vno-0.2V, 

Add=Voo-0.2V or 0.2V, 

V oo Supply Current, WO=Vno-0.2V or 0.2V or open, 

1001 Battery Back up tRc= 12Sµs, tRAS=tRAS(min.) 

-300ns 

Same as above 

except tRAs=300ns-lµs 

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=-SmA 
NOTES. 

RATING 
-

0 to 70 

-SS to lSO 

-1.0 to 7.0 

-1.0 to 7.0 

so 
1.8 

MAX.· .. · 
s.s 

Vno+l 

0.8 

HYM5?lOOOBLM 

MIN. MAX. 

- 30 

- 10 

- 30S 

- 27S 

- 24S 

- 6 

- 30S 

- 27S 

- 24S 

- 20S 

- 17S 

- 14S 

- 0.6 

- 30S 

- 27S 

- 24S 

- 0.9 

- 1.2 

- 0.4 

2.4 -

1. Ion is dependent on output loading when the device output is selected, Specified InnCmax.) is measured with the output open. 

-,,-

UNIT 

"c 
oc 

v 
v 

mA 

w 

~ .. UNIT .· . 
v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

mA 1 

mA 1, 5 

v 
v 
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HYM591000BL 1,048;576X9~Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otheJ.Wise noted.) NOTES: 1. 2. 3 

>' ,,, 

fiYMs91000B™ 
.:'< •'! 

. 

# SYMBOL ~ARAMETER l·'X· ·>.:lio' . ·'' 7() ·, 
<. 80 ., :. tJNtt ·NOTE ._:.:. .. 

MIN:. MAX. MIN. ~ 
··.": 

MIN. ~:MAX •. ·, 
-"'-

1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

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

3 tRP RAS Prechange Time 50 - 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 tRAL 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 9 

8 tASC Column Address Set-up Time 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time 15 - 15 - 15 - ns 

10 tRCD RAS to CAS Delay 20 40 20 50 20 60 ns 8 

11 tRAC Access Time from RAS - 60 - 70 - 80 ns 4,8,9 

12 tAA Access Time from Column Address - 30 - 35 - 40 ns 4,9 

13 tcAC Access Time from CAS - 20 - 20 - 25 ns 4,8 

14 tc~s CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

15 tRSH RAS Hold Time 20 - 20 - 25 - ns 

16 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRcH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 5 - ns 

20 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width 15 - 15 - 15 - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS 50 - 55 - 60 - ns 

24 twcR Write Command Hold Time from RAS 50 - 55 - 60 - ns 

25 twcs Write Command Set-up Time 0 - 0 - 0 - ns 

26 twcH Write Command Hold Time 15 - 15 - 15 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 tnH Data In Hold Time 15 - 15 - 15 - ns 7 
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HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

HYM591000BM 

# SYMBOL PARAMETER 60 70 so UNIT NOTE 
MIN. MAX. MIN. MAX. MIN. MAX; 

29 touR Data•ln Hold Time Referenced to RAS 50 - SS - 60 - ns 

30 tcPA Access Time from Column Precharge - 35 - 40 - so ns 4 

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

32 tRWL Write Command to. RAS Lead Time 20 - 25 - 2S - ns 

33 tcWL Write Command to CAS Lead Time 20 - 20 - 2S - ns 

34 tRPc RAS to CAS Precharge Time 0 - 0 - 0 - ns 

3S tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) lS - 20 - 30 - ns 

37 h Transition Time(Rise and Fall) 3 so 3 so 3 so ns 3 

38 tREF Refresh Period - 128 - 128 - 128 ms 

39 tRASp RAS Pulse Width(Fast Page Mode) 60 200K 70 200K 80 200K ns 

40 tcvr CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - 50 - ns 

41 tcu CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

47 tcsu CAS -Hold Time 60 - 70 - 80 - ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. 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. 
2. AC measurements assume tT=Sns. 
3. V1u(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and VIL· 
4. Measured with a load equivalent to 2 TfL loads and lOOpF. 
5. toFF(maX.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAs leading edge in early write cycles. 
8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 

tRcoCmax.) limit, then·access time is controlled.by tcAC· 
9. Operation within the tRAO(max.) limit insures that tRAc(inax.) can be met tRAD(max.) is specified as a reference point only : IftRAo is greater than the specified 

tRAD(max.) limit, then access time is controlled by tAA. 

CAPACITANCE 
(TA=25°C, Vno=SV± 10%, Vss=OV, unless otheiwise noted.) 

i SYMBOL PARMmTER 1w. MAX. UNIT 

C1Nt Input Capacitance(Ao·A9, WE, CAS, RAS) - 2S pF 

C1N2 Input Capacitance(PD, PCAS) - 10 pF 

CDQ 1/0 CapacitancecDQo-DQ1) - lS pF 

CPQ Output Capacitance(PQ) - 10 pF 
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HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

OQ 

!+----------------- IRC(2)-----------------+ 

IASR(41 -

l---------IAR(23) ----------<~I 
1'1·------------IRAS(1)-----1------• 

--------tcsH(42)·---,....----'----i 
---+------<~ I 

-tRAH(S)-

IRCS(16) -tcAS(14)-

V1H- ..,."P'.,...,...,,.....,...,...,...,...,..,....,...,...,....,...,....i .... -----+-------+-t-----.. ,... .... ~~ .... ,...,...,...,..,,..,~ 
V1L - _. ..... _ ...... ~ __ ..._ _____ ...__,, 

-tcAC(13)-

-IAA(12)-

!cLZ(411) I.___ -toFF(20) 

IRAC(111-------<1--+ J.i-+-----------+---.!_ 
VoH - -----1--------HIGH-z-------ollJ/ VALID DATA 
VOL -

EARLY WRITE CYCLE 

"1·------------IRAS(1)-----------111 

I 4--------lcsH(42)-----------t~I 

1----------IAR(23)--------1 

IASR(4) - -IRAH(SJ-

ROW ADDRESS GOLUMN ADDRESS 

IASC(SJ -

1------IRCD(10)-------I 

V1H

_V1L -_....._..._ .... .._"+"--"""'""'"-'-""'"""-"'""'-""-""'-"""'..__-+--+----~~--""'-""'-"-""""'-'-"'-'-""--'-""'-"'-"-'-'-""-'-"'-'-,._""-

DQ 
V1H-

V1L - ......... - .................... -"" .......... """" .......... "-""""'-'J~-----------~·~""""-"""""''-''""" ..... _"""""'._. ......................... '-''-'""""-'-

i+---------IDHR(29)----
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HYM591000BL 1,048,576X 9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

Ao-Ag 

WE 

DO 

V1H-

Vil-

V1H-

Vil-

VoH

VOL-

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L-

Ao-Ag 
V1H-

V1L --

WE V1H-

ICLZ(41) 

V1L -- ---------..---i~-+-~~--.... ----......... +-_.....,._._ ................................. """f'-+-t---"1--............................................. ~ 

DO 
V1H - .,..,....,..,.._ 1r------
V1l - __ ...... ..., 
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HYM5.91000BL 1,048,576X9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

,,._,,-----------------IAC(2J---------------I 

1----IRP\31-

V1H - ---...i 1·-----------1RAS(1)------------1~1 ~--------o.:1 
v,l-

IASR(4) - _ ,AAH(5)-

ROW ADDRESS 

DQ 
VoH-

---------------------------HIGH-z------------------------Vol -

CAS-BEFORE-RAS REFRESH CYCLE 

1,._,-------IRAS(1)------•I 

-IAPC(34)-

V1H-
WE Vil-

- r~ DQ 
VoH- HIGH-Z 
Vol-
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.HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

IDDDEN REFRESH CYCLE (READ) 

DQ 

-IRP(3)--
ViH·- ____ , 14-------IRAS11,-------1 ... 1 u.-----.. 11 .. o-------IRASt11-----

V1L -

V1H-

I~ -IRCD(10)- -tRSH(15)-

IRAHt5i 
IAsA1•1- ~ 

IRAL(6)--

-ICAH(91 

-tcAC(13) 
, _______ , IAA1121 

l+-----IRAC1111 

Vrn. ---· ----HIGH-z-------l-fl 
Vo1 --

lcLZ(41) 

•-----lcHR(36)-

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

Ac;As 

DQ-

1------IAAS11:----+ 

Vu, -- -----i 

14-----IAR(24)-+-i-----I 

IASA(4\ - - IRAH(5) 

IASC(B) -
V111-

V11 --

Vitt - ______ .,.. ___ ... 

-IAP(3)- 1-.----·-IRAS111-----1 

l+----ICHA(36)-

Vu - _..._ ____ ,.__..._...,..., ,1o...--------""'l""~"""'"'-''""'"'-'-"'"'-'""'"'-'--'-'-'-"'"'-'""'J...J""""""-''""'"-""""'J...J'-'-

l-------IDHR(29) ----.-1 
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HYM~91000BL 1,048,576X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

~-As 

l..o--------------IRAS(ll------------1 -------i 
------IRSH(ISJ-----~1 

t4------lcAs11•1-

IASC\81 lcAH(9> --V1H -- ..,..,..,.-:,_,.,...,...,.., ...... r-,....,..r-T...,..,,...,....,...,....,...,...,....,..~~P--~C~O-LU_M,__N--.....l~r-rr7-r"r7-r.,-,"'47+-,...,....,-!i~.,...,..,...,..,.~,....,...., 

Vil - ..,f.J.:...'-'-.t..l.-'-'-+~:...£...£..J.J...t..J...t.....(,..L..t....."-'-U1--..:;A;:,:;D~D;.;.R;:,:;E;,:;S:;:S~-;/("'~-LL.J.-L.L.J.'-LL-1'~'-'-~'-LU.J...U...i...A:..L... 

READ CYCLE 

DO 
VoH_ 

Vol-

twRP(43J twRH(44) 

- IRRH(18) 

V1H- '1""7..,.-:,.+o---+~-...,..,...'r""'P...,..,...,.~,....,.--------1+----------~ .... --1---................. 
V1L --

--IRCH(17)-

WRITE CYCLE 

tcwu331 

tRWL(32l 
twRP(43) twRH(44> 

V1H - _..,....,... _____ ..... __ ..,... __ 

V1L-

DO 
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HYM591000BL 1,048,576X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM591000BLM 

UNIT: mm 

3.38 -- l 88.9 ... -
I 

<1>3.18±0.08 

I 
82.14 

5.08MAX 

111~1 ~ c:: ::J c:: ::J [:: ::J 8 
DDOODOOOOOODOOOODDDDDDDODDOOOO~ 

2.03- ~ -Tl- -11-
2.54 1.78MAX 

5.59 .. 73.66 ~. - 1.27+ 0.08 

TOLERANCE : ± 0.13mm 

* DETAIL OF CONTACTS 

0.25MAX i DD D 
t 
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DESCRIPTION 

The HYMSS4000M is a 4M words by Shits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of eight HYSl 4 lOOJ 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under .all the DRAMs. 

HYMS84000M is a socket type sillgle-in line 
module suitable for easy interchange and addi
tion of 4M bytes memory. 

BLOCK DIAGRAM 

Ao-A100----tt----------

AA8 v---.-t---------~ 

GAS V---11"-t-t---------~ 

WEv--..-it-+-t--------~ 

DOo 

M491202A-JAN92 

FEATURES 

• · Fast Page Mode operation 
• Fast Access Time 

tRAc tCAC tPC 

HYMS84000M-70 70 20 so 
HYMS84000M-80 80 2S SS 
HYMS84000M-10 100 2S 60 

• Single power supply of 5V ± 10% 
• CAS Before RAS, R.\S only, Hidden Refresh. 
• Low· power operating 

3.96W max (HYMS84000M-70) 
3.52W max (HYMS84000M-80) 

3.08W max (HYMS84000M-10) 
• TTL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

Ao-A10 ADDRESS INPUT 

DOcrD07 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYMS84000 4,194,304X8-Bit CMOS DRAM MODULE 
. . 

PIN CONNECTIONS 

Voo (1) 

CA'S (2) 

OOo (3) 0 
A:! (4) 

A, (5) 

001 (6) 

A2 (7) ~[:: ~~] 
As (8) 

Vss (9) 

002 (10) 

~ (11) ~[:: :::J 
A5 (12) 

OOa (13) 

~ (14) 

A1 (15) 

g[:: ::] 
0 

004 (1~) 

~ (17) 

Ag (18) 

A10 (19) ~c:: ::J 
005 (26) 

WE (21) 

Vss (22) 

006 (23) 
g[:: ::J 
0 

NC (24) 

001 (25) 

NC (26) 

RAS (27) 

NC (28J 

NC (29) 

Voo (30) 

[::: ::J 
~[:: ::] 

0 

NOTF.S: 

t.ICommon CAS control for eight data-in and data-<>ut lines (DQ0-DQ7). 
2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-<>ut (DQ0-DQ7). 
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HYM584000 4,194,304X8-Bit CMOS DRAM MODUIE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature( Plastic) 

V1N, Vom Voltage on Any Pin Relative to V ss 

VDD Voltage on V DD Relative to V ss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

VoD Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

1YP. 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(any input pin) Vss:S.V1NS. VDo 

I Iw I 
Output Leakage Current for VssSDomS.Voo 

RAS, CAS at Vrn High Impedance State 

-70 

Iom Yoo Supply Current, Operating tRc=tRc(min) · -80 

-10 

1002 Yoo Supply Current, TIL Standby 
RAS, CAS at Vrn 

other inputs~ V ss 

-70 

1003 
Yoo Supply Current, 

tRc = tRc(min.) -80 
RAS-only Refresh 

-10 

-70 

1004 
Yoo Supply Current, 

Minimum Cycle -80 
Fast Page Mode 

-10 

Ions 
Yoo Supply Current, RAS~Voo-0.2V, CAS= 

CMOS Standby Vrn, other inputs2 V ss 

-70 

1006 
Yoo Supply Current, 

CAS-Before-RAS Refresh 
tRc=tRc(min.) -80 

-10 

VoL Output Low Voltage loL=4.2mA 

Yott Output High Voltage lott=-SmA 

NOTES: 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

4.8 

MAX.~ 

5.5 

Voo+l 

0.8 

HYM584000M 

MIN. MA:x. 
- 80 

- 10 

- 720 

- 640 

- 560 

- 16 

- 720 

- 640 

- 560 

- 560 

- 480 

- 400 

- 8 

- 720 

- 640 

- 560 

- 0.4 

2.4 -

1. loo is dependent on output loading when the device output is selected, Specified looCmax.) is measured with the output open. 

lJNIT 

"c 
oc 

v 
v 

mA 

w 

. UNIT 

v 
v 
v 

UNIT NOTE 
.i.o 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM584000 4,194,304X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± rnr~ Vss=OV, unless otherwise ·noted.) NOTES: I, 2, 3 

HYMS84000M 

# SYMBOL PARAMETER 70 80 10 UNIT NOTE 

-'-
MIN. MAX. MIN; MAX. MIN. MAX. 

I tRAS RAS Pulse Width 70 lOK 80 lOK IOO lOK ns 

2 tRC Random Read or Write Cycle Time 130 - ISO - I80 - ns· 

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

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

s tt'wI Row Address Hold Time 10 - 10 - lS - ns 

6 tRAL Column Address to RAS Lead Time 35 - 40 - 4S - ns 

7 tRAD RAS to Column Address Delay Time IS 3S lS 40 20 55 ns 9 

8 tASC Column Address Set-up Time 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time IS - IS - 20 - ns 

10 tRCD RAS to CAS Oelay 20 so 20 SS 2S 75 ns 8 

11 tRAC Access Time from RAS - 70 - 80 - IOO ns 4,8,9 

I2 tAA Access Time from Column Address - 35 - 40 - 45 .ns 4,9 

I3 tcAC Access Time from· CAS - 20 - 2S - 25 ns 4,8 

I4 tcAS CAS Pulse Width 20. IOK 2S IOK 25 IOK ns 

I5 tRSH RAS Hold Time 20 - 2S - 25 - ns 

I6 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 - 0 - 0 - ns 6 

I8 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 ·- ns 6 

I9 tcRP CAS to RAS Precharge Time s - 5 - IO - ns 

20 to FF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5 

2I tWP Write Command Pulse Width I5 - IS - 20 - ns 

22 tcP CAS Precharge Time IO - IO - IO - ns 

23 tAR Column Address Hold Time from RAS SS - 60 - 80 - ns 

24 twrn Write Command Hold Time from RAS S5 - 60 - 80 - ns 

2S twcs Write Command Set-up Time 0 .- 0 - 0 - ns 

26 twcH Write Command Hold Time IS - IS - 20 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 toH Data In Hold Time I5 - IS - 20 - ns 7 
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HYM584000 ·4,194,304X8-Bit CMOS DRAM MODULE 

HYM584000M 

# SYMBOL PARAMETER 70 80 10 UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

29 to HR Data-In Hold Time Referenced to RAS 55 - 60 - 80 - ns 

30 tcPA Access Time from Column Precharge - 45 - 50 - 55 ns 4 

31 tpc Fast Page Mode Read or Write Cycle Time 50 - 55 - 60 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 25 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 25 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time( CAS Before RAS Cycle) 30 - 30 - 30 - ns 

37 iT Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 16 - 16 - 1.6 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 200K 80 200K 100 200K ns 

40 tcvr CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - 50 - ns 

41 tcLz CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcsH CAS Hold Time 70 - 80 - 100 - ns 

43 tWRP WE to RAS Precharge Time( CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - lO - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 i!1itialization cycles instead of 8 RAS cycles are required. 
2. AC measurements assume tT=·sns. · · 
3. V1tt(min.) and V1L(niax.) are reference levels for measuring timing of input signals. Also, transition times are measured between V1H and VIL· 
4. Me.asured with a.load equivalent to 2 TIL loads and lOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

6. Either lRCH or. tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in· early write cycles. 

8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 
lRcoCmax.) limit, then access time is controlled by tCAC· · 

9. Operation within the tRAQ(max.) limit insures that tRAc(max.) can be ~et. tRAO(max.) is specified as a reference point only : lftRAo is greater than the specified 
tRAD(max.) limit, then access time is controlled by tAA. 

CAPACITANCE 
(TA=25°C, V~o=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER 1YP. MAX. UNIT 
C1N Input Capacitance(Ao-A10, WE, CAS, RAS ) - 55 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) - 15 pF 
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HYM584000 4,194,304X8-Bit CMOS DRAM MODULE 

TIMING ·nIAGRAM 

READ CYCLE 

DO 

1------------------ IRC(2) ________________ __ 

V1H- ----.i l•--------IAR(23)--------l~I 
V1L - N·------------IRAS(1)-----1------·111·-----

V1H

V1L-

IASR(4) -

_,CA5(14)-

V1H- -r'T'7""":,..,-t-r~T"',..,,...,...,.-rT"~~ .... -----+------+-+---...;.-... ,_,_~i..... ..... ,...,... ................. 
V1L - ----........... ----...... ----,,, -ICAC(13)-

-IAA(12)-

ICLZ(411) I+--

EARLY WRITE CYCLE 

DO 

4-150 

V1H

V1L-

•------------------IRC(2)----------------I 

l--------kSH(42)-----------l•I 

l---------IAR(23)-------I 

IASR(4l - - IRAH(5)-

ViH - ROW ADDRESS COLUMN ADDRESS 
V1L - """"'-'"' ·~-------ir ................ ...,._,,, 115-------..Jr '•-4-"'-~;....c.-"l~.1...'-'~;.....i:...., .... .1-._"""'"~~-'-

V1H

V1L-

V1H-

1------t11co(10)------1 ... 1 

V1L ---""""-"-"+ ......... ....,, ......... ___ .._.._"""" ..... _ ..... +-__ -.ii~--................. '"""-"""-""-"""-""-............ """-'"""'"'""'""'"'"""'"-
V1H-

V1L- .......................... '-+'....,, ..... ____ """-""-"""''""'"'"""""",.._ ______ -r'-..... """-"""""-"-..... """-""""""'"""'"-......... '"""""""'-""-'-"-• 

l--------~IOHR(29)----



HYM584000 4,194,304X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

A:J-As 

WE 

DO 

-------------IRASP(39) --------------1 

V1H-

Vil-

V1H-

Vil-

VoH- ~-------------+----<!/ 
Vol-

IRP(3) -

FAST PAGE MODE EARLY WRITE CYCLE 

V1H- -----...i 
Vil -- ~'-'-'-""-~~ ........ --..... ~"""-""-"-"'--'~~ .... ---4"""-""'-1-J. ... "-'-'-""-""-+-fl-+-1----.................... ~ ....................... ...... 

DO 
V1H - 7""l,..,..,..~ i---------t 

Vil- -.. ...... -'-""' "---------..-r "4-'-J.J'~--------~ """-...""""-'--'-..,' ~----------.., ,...__. .......... ...._.._. .... ..._..._ 
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HYM584000 4,194,304 >< 8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1._---------------IRC(2)---------------I 

1------------IAl\Sj1)----------l•I 

IASR(4) - - IAAH(5)-

ROW ADDRESS 

DQ VoH- ------------------HIGH-z-----------------
Voi.-

CAS-BEFORE-RAS REFRESH CYCLE 

1---------tRAS(1)-----~•I 

-tRPC(34)-

V1H-
WE V1L-

-:+ f ~ DO 
VoH- HIGH-Z 
VoL-
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HYM584000 4,194,304X8-Bit CMOS DRAM··MODULE 

HIDDEN REFRESW'eYCLE{READ) 

DO 

V1H - ----1 1-------IRAS11;-------1•1 

V1L-

V1H-

IAAH(51 

IASRl4!- -

IASC(8) -

IRAL(6!-

-ICAH191 

-IRPi31-l------I 1 ~-----IAASt11------.1 

1-----ICHR(361-

V1H - ..,....,.."'7""..,..""".,.....,.....,.....,.-t .... -+---+--------.P....-..... ~~-..... p...., ..... ....,...,....,.. ..... ..-....................... ..,....,...,....P""'!,.. 

V1L - -'--'--'--'--'Po-'-__ , 

-tcAC(13) 
I ___ _._ ____ I IM1121 

VoH - ---HIGH-z------wi VALID DATA 
Vm -

ICLZ(41) 

HIDDEN REFRESH CYCLE (WRITE) 

DO 

V1H------i 

VIL -

, ______ IRAS(1) 

lcRP(19) - -IRC0(10)- -IRSH(15)-. 

-------IAR(24) ....__.,___ ____ , 

IASC(8) 

IASR(4) - - IRAH(5) - ..-tCAH(9)_. 

-IRP(3)- 1------IRASl1\------1 

1-----ICHR(36)-

V1H - .,....,.. ........... ..,.._ .... ___ ... i.o---------i ............ ....-!,......,.....,...,..,......,..,......,.. ____________ _ 

V1L - -.... """"'-'-"'-'"""""'"'+-"'-"-'-~"' 1"--------~-~'-'-.J..1.:.C..1../...1..;'-L..J..1.J-UJ..J"-L.l..J..J..J.~l-J..J..,j"-L.l-J.J-~ 

14-------IOHR(29) -----1 
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HYM584000 4,194,304X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H - ---------.i 

ICSR(35) -
14--------------IRASPl------------+1 

•------IASH(15)----

-tCHAi35l- -tcPT(40)- l------ICAS(14l-

V1H - o,.-i..,...,..,..,...,..,...,..; .... .,..,..,..7"'"1..,...,..,..,...,..,..,....,..,.~.Ji!~--~~~------~r.,.,..'P-i...,...,,_,..,...,..'"91~,..,.~ ..... .,...,...'9'"!,....,.... 

V1L - ~"""-'-""'~"""-""-'1~.l.-l."""-4.l."""-4.l.-'-.1.-1.-'-1.JJ ,_ ______ .iao; _____ ,... ~'""""""-"'""-'-'-J.-'-4.f+'-~~~"'-'""""""4"'""""""""-

READ CYCLE ---t---1 IOFF(20) 

DO VALID DATA 

fWRH(44). 

- IAAH(18) 

V1H ~ ,..,..,...,..,. ____ --+-t----..... '7""'f'"'P"'9'"!...,."'P""l"'9" .... -------------+..-------------------------------...... -----ti-----"""lll..,..P""'l'..,...,...,. 

V1L --

--tRCH(17)-

WRITE CYCLE 

fcwL(33) 

tRWL(32) 
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HYM584000 4,194,304X 8-Bit CMOS DRAM MODUIE 

PACKAGE INFORMATION 

HYM584000M 

2.03 -

88.90±0.13 

82.14±0.13 

73.66 

* DETAIL OF CONTACTS 

0.25MAXi n 0 0 
t 

UNIT: mm 

-I 1.27±0.08 

5.08 MAX. 

TOLERANCE : :t 0.13mm 
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DESCRIPI10N 

The HYMS84000AM is a 4M words by 8 bits 
dynamic RAM module and consists of Fast Pa_ge 
mode CMOS DRAMs of eight HYS14100AJ 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS84000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory. 

BLOCK DIAGRAM 

Ao-A100--------------. 

RAs u----....+----------. 

GAS u----+-+-------~ 

WE~J-----+-+------~ 

DOo 

M4H1200A·MAR92 

FEATURES 

• Fast Page Mode operation 

HYMS84000AM-60 60 20 40 
HYMS84000AM-70 70 20 45 
HYMS84000AM-80 80 25 SS 

• Single power supply of 5V ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

~ 4.62W max (HYM584000AM-60) 
4.18W max (HYM584000AM-70) 
3.74W max (HYM584000AM-80) 

• ITL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

f4<J-Ae ADDRESS INPUT 

D00-D01 DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

C/>S COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Yoo POWER(+5V) 

Vss GROUND 

4-157 



HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 

E6S (2) 

DOo (3) 0 
Ao (4) 

A1 (5) 

D01 (6) 

A2 (7) ~[~~ ~~] 
A3 (8) 

Vss (9) 

D02 (10) 

~ (11) ~[:: ::J 
As (12) 

DQ3 (13) 

Aa (14) 

A1 (15) 
~[:: ::J 
0 

DQ4 (16) 

Aa (17) 

Ag (18) 

A10 (19) ~c: ::J 
DOs (20) 

WE (21) 

Vss (22) 

DOs (23l 
g[:: ::J 
0 

NC (24) 

D01 (25) 

NC (26) 

. RAS (27) 
gc::: ::J 
0 

NC (28) 

NC (29) 

Voo (30) gc::: ::] 
0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 
2. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-<>ut ( DQ0-DQ7 ). 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 
TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N, VoUT Voltage on Any Pin Relative to V ss 

Von Voltage on V DD Relative to V ss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER , MIN. 
Yoo Supply Voltage 4.5 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

T\'P: 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

,, 'I 
SYMBOi. PARAMETER TEST CONDITTONS SPEED 

L 
I Iu I Input Leakage Current(any input pin) Vss::::VIN_:::: Yoo 

I Iwl 
Output Leakage Current for Vss:::: DoUT::::Voo 

RAS, CAS at Vrn High Impedance State 

-60 

lorn V00 Supply Current, Operating tRc=tRcCmin) -70 

-80 

1002 Yoo Supply Current, TfL Standby 
RAS, CAS at Vrn 

other inputs ~ V ss 

-60 

Iom 
Yoo Supply Current, 

tRc=tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
V oo Supply Current, 

Minimum Cycle -70 
Fast Page Mode 

-80 

Ions 
Yoo Supply Current, RAS~ Voo-0.2V, CAS= 

CMOS Standby Vrn, other inputs~ Vss 

-60 

1006 
Yoo Supply Current, 

tRc = tRc(min.) -70 
CAS-Before-RAS Refresh 

-80 

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=-5mA 

NOTES: 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

5.88 

MAX. 

5.5 

Voo+l 

0.8 

l:IYM584()00AM. 

1'1IN·-"- MAX .. 

- 80 

- 10 

- 840 

- 760 

- 680 

- 16 

- 840 

- 760 

- 680 

- 520 

- 440 

- 360 

- 8 

- 840 

- 760 

- 680 

- 0.4 

2.4 -

I. loo is dependent on output loading when the device output is selected, Specified IooCmax.) is measured with the output open. 

UNff 

"c 

"c 

v 
v 

mA 

w 

UNff 

v 
v 
v 

tJNtt NOTE 
_;:._ 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES : t·. 2. 3 

1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

2 tRC Random Read or Write Cycle Time 120 130 lSO ns 

3 tRP RAS Prechange Time so so 60 ns 

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

s tRAH Row Address Hold Time 10 10 10 ns 

6 tRAL Column Address to RAS Lead Time 30 3S 40 ns 

7 tRAD RAS to Column Address Delay Time lS 30 lS 3S lS 40 ns 9 

8 tAsC Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time lS lS lS ns 

10 tRCD RAS to CAS Delay 20 40 20 so 20 SS ns 8 

11 tRAC Access Time from RAS 60 70 80 ns 4,8,9 

12 tAA Access Time from Column Address 30 3S 40 ·DS 4,9 

13 tcAC Access Time from CAS 20 20 2S ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 2S lOK ns 

lS tRSH RAS Hold Time 20 20 2S ns 

16 tRCS Read Command Set-up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time s s s ns 

20 to FF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns s 
21 tWP Write Command Pulse Width lS lS lS ns 

22 tcP CAS Precharge Time 10 10 10 ns 

23 tAR Column Address Hold Time from RAS so SS 60 ns 

24 twcR Write Command Hold Time from .RAS so SS 60 ns 

2S twcs Write Command Set-up Time 0 0 0 ns 

26 twcH Write Command Hold Time lS lS lS ns 

27 tos Data In Set-up Time 0 0 0 ns 7 

28 toH Data In Hold Time lS lS lS ns 7 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

29 touR Data-In Hold Time Referenced to RAS 50 55 60 ns 

30 tcPA Access Time from CAS Precharge 35 40 50 ns 4 

31 tpe Fast Page Mode Read or Write Cycle Time 40 45 55 ns 

32 tRWL Write Command to RAS Lead Time 20 20 25 ns 

33 tcWL Write Command to CAS Lead Time 20 20 25 ns 

34 tRPc RAS to CAS Precharge Time 0 0 0 ns 

35 tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 10 10 ns 

36 tcHR CAS Hold Time( CAS Before RAS Cycle) 15 20 30 ns 

37 1T Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period 16 16 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 60 200K 75 200K 80 200K ns 

40 tcvr CAS Precharge Time(CBR Counter Test Cycle) 30 35 40 ns 

41 tcLZ CAS to Output Low Impedance 0 0 0 ns 4 

42 tcsH CAS Hold Time 60 70 80 ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 0 10 10 ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 10 10 ns 

NOTES: 
1. An initial pause of 200µs 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 tr=Sns. 
3. V1u(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vm and VIL· 
4. Measured with a load equivalent to 2 TIL loads and lOOpF. 
5. toFFCmax.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRcH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met. tRcoCmax.) is specified as a reference point only : IftRCD is greater than the specified 

tRco(max.) limit, then access time is controlled by tcAC· 
9. Operation within the IRAO(max.) limit insures that tRAc(max.) can be met. IRAo(max.) is specified as a reference point only : IftRAo is greater than the specified 

tRAO(max.) limit, then access time is controlled by IAA· 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL 
Input Capacitance(Ao-A9, WE, CAS, RAS) 55 pF 

CDQ 1/0 Capacitance(DQ0-DQ7) 15 pF 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

TIMlNG DIAGRAM 

READ CYCLE 

, __________________ IAC(2)·-----------------I 

RAS 
V1H-

Vil -

l---------lAAi23) --------<~I 

lASAi4> - -tAAHIS)-

A:J·Ae 
V1H-

Vil-

CAS 
V1H-

Vil-

1ACS(16) -tcASl14)-

V1H-

-tCACi13)-
WE Vil-

-tAA112)-

ICLZ(41),_ 
l----'-------tAACi11)----'"----11--.-1-l .... _________ ..__-i 

VoH - ----+-------HIGH-z-------·•'"' 
Vm -DO 

EARLY WRITE CYCLE 

14-------------------!AC(2)----------------I 

i 4-------kSH(42)------------t~I 

1---------IAA(23)-------1 

IASA(4)-
-IRAH(SI-

ROW ADDRESS COLUMN ADDRESS 

!ASC(8) - -tCAH(9)-

1------1AC0(10)------i•I 

V1H

V1L --J,...L..L.l....L...U.i-~~~-i....J....L.1....1...~L--...j..._ __ ~~-L..L..1-L..t....'-'-L..L.J...J..."'-"'-"'-""""1~-"'""""'-'-""'-"'-

DO 
V1H

V1L - -'--'--'-"'-"'-"""~"""'""""'""""'-'-..L.-'-"'-""""""""1J 11-------ilf" ~-'-"'-"'-'-"""""'-'-"'-"-'i......i"""""""'""""'-'-""-""-'-''-'--
l---------toHA(29)----
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

DO 

-------------IRASP(39) -------------•I 

V1H

V1L- """""""-'-+"""-""-' 

VoH

VOL-

lcLZ(41) 

IRP(3) -

FAST PAGE MODE EARLY WRITE CYCLE 

CPS 

Ao-Ae 

DO 

V1H-

V,L-

V1H-

V1L-

V1H

V1L - ........................... OJ..l"*'-+---..... ~ ........................... ll"++----...... --.......... --..... ----...... ""f' .... ------...... --.-. .... -1--......... --.... ___ 

v,fi -- 7""'l,....,...,..~_r----""'!L 

V1L - ................. ., l"-----"""'I' 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1------------------IRq21---------------1 

i.----IRPi3J-

V1H - ---..i 1·-----------IRAS111---------·1 u,.--------i 
V1L-

IASAl4J - - IRAH(5J-

ROW ADDRESS 

DQ 
VoH-

~--------------------~HIGH-z--------------------------------Vol -

CAS-BEFORE-RAS REFRESH CYCLE 

-tRPC(34J-

~ ~ -tcHR(36)-

V1H-
WE 

V1L-

f""' VoH-
00 HIGH-Z 

VoL-
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

IIlDDEN REFRESH CYCLE(READ) 

DO 

-IRP<JJ--
VIH - ____ , 14-------IRAS,1,-----.. 1 ~-----.. 1 1-----'---IRAS{11------e.1 

V1H-

lcRP119J 
-IRCD1101- -tRSH!15J-

-IRADl7J-

IRAH(SJ 

IASR(41- -

IRAL!6)-

- lcAH19J 

l4-----lcHR136J-

V1H _ ..,.._,....,....,..~.,....,-.,-7""'1:r-.+----+------------.+-..-'1""'1.-..;.. ........ P"""ll'...,._,. .......... .,...,,_,__,,...,...,.. ..... .,...,....,....,_ 

V1L - ........... _..._"'+-..... __ 

1-------IRAC1111 __. __ _., 

VoH - -HIGH-z-----.....iJI VALID DATA 
Vol -

lcLZl41J 

JilDDEN REFRESH CYCLE(WRITE) 

DO 

V1H------i 

Vtl -

14------IRASllJ ____ _. 

-----IAR(24J.+-<~----e.1 

IASC(8) 

IASR(4) - -- IRAH(SJ - -4-lcAH(9) .. 

-IRPi3J- '~-----IRASl1l-----I 

l4-----lcHR136)-

VtH_.,..,...,...,.....,....,.._,.,_..,._,....,.~ ~----------~ ,..,...,..,..,...,..,_,..,.,..,..,..,..,..,..,...,..,..,..,..,..,...,..,_,..,.....,..,..,...,..,...,_ 

V1L - -----~,_.. __ _,_, °1---------Jt"·"'°"'""'.l..J.:.L.l..J.:..L.LJ...i-U...i-l../...J..1.:..L.U..J...'-i..J..1.:..L,L,J..L,{,..L 

l-------IDHRi29J -----1 
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HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

1-------------IRASP1------------

V1H------..a 

lcsR135) 1-------IRSH115)-----

-tcHRi36)- -tcPTi•Dl- 1------ICAS11•1-

•-----+-+-----!RAL(5)------++---

!ASC(B) lcAH(9) --V1H -- .,.,"'T'lr"rr'r.,.,...,.....,.-,-rT"'T"l~.,.,-r~"'T'l~~l!---~CO~LU~M~N~-~rr-.,...,.~,...,.~,...,.'7"1''""°.,..,.~,..,......,_..,..,.~,... 

V1L - ......... '-'-"'-'-""""'"-++-'-"-"'-'"""""'"""' ....... """'" ....... ""'-""' ,, __ A_D_D ... R-.E-.ss-.,. _ _,-'""-"-"-"-"--"-"--11'+'-....... "+"'""'""'-"""'"""""'~"'-'-

READ CYCLE 
-~-1--.-1 IOFF(20) 

DO VALID DATA 

!WRP(43) !WRH(44) 

-IRRH(18) 

V1H~ ,,...,..,...,,.... __ -+of---...,...,...,..,...,...,...,...,..,....,.ir-----++-----------++---+--~..,..,..,,..,.'7"7 

V1L --

--tRCH(17)-

WRITE CYCLE 
!CWL(331 

!RWU32J 
twRP(43) twRH(44) 

4-166 



HYM584000A 4,194,304X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM584000AM 

UNIT: mm 

88.9()± 0.13 

82.14±0.13 
4>3.17±0.05 

-I 1.27±0.08 

II - 5.08 MAX. 

* DETAIL OF CONTACTS TOLERANCE : ± 0.13mm 

0.25MAX! n 0 0 
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DESCRIPTION 

The HYM584000ALM is a 4M words by 8 
bits dynamic RAM module and consists 
of Fast Page mode CMOS DRAMs of eight 
HY514100AU in 20/26 pin SOJ mounted on 
a 30 pin glass-epoxy printed circuit board. 
0.22µF decoupling capacitors are mounted 
under all the DRAMs. 

HYM584000ALM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory. 

BWCK DIAGRAM 

Ao-A100-----------~ 

RAs o--.......+--------~ 

CASu----4>-+4-------~ 

WE. e>--......+-+-+--------

DOo 

M4G1200A-MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

t~/·· •tcA.t· ·t~< 

HYM584000ALM-:60 60 20 40 
HYM584000ALM-70 70 20 45 
IIY"M584000ALM-80 80 25 55 

• Single power supply of 5V ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

4.62W max(HYM584000ALM-60) 
4.18W max(HYM584000ALM-70) 
3.74W max(HYM584000ALM-80) 

• TTL compatible inputs and outputs 
• 1024 refresh cycles/128ms 

PIN NAMES 

A:J-A10 ADDRESS INPUT 

DOo-DCh DATA INPUT/OUTPUT 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 

CAS (2) 

DOo (3) 0 
AJ (4) 

A, (5) 

D01 (6) 

A2 (7) ~[:: :~J 
A:J (8) 

Vss (9) 

D02 (10) 

~ (11) ~c::: ::: ::1 
A5 (12) 

DQ3 (13) 

Aa (14) 

A7 (15) 
~[:: ::] 

004 (16) 

Aa (17) 

Ag (18) 

A10 (19) ~c: ::J 
005 (20) 

WE (21) 

Vss (22) 

DOs (23) 

g[:: ::] 
0 

NC (24) 

DQ7 (25) 

NC (26) 

RAS (27) 

g[:: ::J 
0 

NC (28) 

NC (29) 

Voo (30) g[:: ::] 
0 

~OTES: 

I. CommonCAS control for eight data-in and data-oul lines (DQ0-DQ7). 

2. The common 1/0 feature dictates lhe use of only early write operations to prevent contention on data-in and data-out (DQo·DQ7). 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N, VoUT Voltage on Any Pin Relative to Vss 

Yoo Voltage on Yoo Relative to Vss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA =0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.S 

Vm Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

DC CHARACTERISTICS 

TYP. 

s.o 
-

-

(TA= 0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(any input pin) Vss~.VIN::;.Voo 

llwl 
Output Leakage Current for Vss~DoUT::;.Voo 

High Impedance State RAS, CAS at Vm 

-60 

loot Yoo Supply Current, Operating tRc=tRcCmin.) -70 

-80 

1002 Yoo Supply Current, TIL Standby 
RAS, CAS at Vm 

other inputs2.. V ss 

-60 

1003 
Yoo Supply Current, 

tRc = tRcCmin.) -70 
RAS-only Refresh 

-80 

-60 

1004 
Yoo Supply Current, 

Minimum Cycle -70 
Fast page mode 

-80 

loos 
Yoo Supply Current, RAS2..Voo-0.2V, CAS= 
CMOS Standby Vm, other inputs2..Vss 

-60 

1006 
Yoo Supply Current, 

tRc=tRc(min.) -70 
CAS-Before-RAS Refresh 

-80 

CAS=CBR cycling or 0.2V, 

WE=Voo-0.2V, 

Add=Voo-0.2V or 0.2V 

V oo Supply Current, l/O=Voo-0.2V or 0.2V or q>en, 

1007 Battery Back up tRc= 125µs, tRAs=tRAs(min.) 

-300ns 

Same as above 

except tRAs=300ns-lµs 

VoL Output Low Voltage loL=4.5mA 

Yott Output High Voltage lott=-5mA 

NOTES: 

RATING 

0 to 70 

-SS to ISO 

-1.0 to 7.0 

-1.0 to 7.0 

50 

S.88 

MAX. 

s.s 
Voo+l 

0.8 

HYM584000AIM 

MIN. MAX. 

- 80 

- 10 

- 840 

- 760 
- 680 

- 16 

- 840 

- 760 

- 680 

- 520 
- 440 
- 360 

- 1.6 

- 840 

- 760 

- 680 

- 2.4 

- 3.2 

- 0.4 

2.4 -

1. loo is dependent on output loading when the device output is selected, Specified IooCmax.) is measured with the output open. 

UNIT 

't 

't 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 

mA 

mA 

mA 1 

mA 1, 5 

v 
v 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA= 0°C to 70°C, Voo=SV± 10%, Vss=OV, unless othetwise noted.) NOTES: 1, 2, 3 

1..... • .· ~.. • IJYMS84000ALI\1 ·• ::_ . I .. 

# SYMBOL ' PARAM:fln:R. . 

~ I'-=- \·. I_ ;· 
.2 

6(): ~:l ' 70. I -=..··. 8() •·.. I:~ \.:~en:\ 
MIN. · Mil. • MIN. MAX· MIN~: .MAx. 

RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

Random Read or Write Cycle Time 120 130 150 ns 

RAS Prechange Time so so 60 ns 

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

Row Address Hold Time 10 10 10 ns 

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

RAS to Column Address Delay Time lS 30 lS 3S lS 40 ns 9 

8 tAsc Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time lS 15 15 ns 

10 tRCD RAS to CAS Delay 20 40 20 so 20 S5 ns 8 

11 tRAC Access Time from RAS 60 70 80 ns 4,8,9 

Access Time from Column Address 30 3S 40 ns 4,9 

13 tcAC Access Time from CAS 20 20 25 ns 4,8 

14 tcAS CAS Pulse Width 20 lOK 20 lOK 25 lOK ns 

lS tRSH RAS Hold Time 20 20 25 ns 

16 tRcs Read Command Set-up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time s 5 5 ns 

20 toFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns s 
21 twp Write Command Pulse Width lS 15 15 ns 

22 tcP CAS Precharge Time 10 10 10 ns 

23 tAR Column Address Hold Time from RAS 50 5S 60 ns 

24 twrn Write Command Hold Time from RAS so SS 60 ns 

25 twcs Write Command Set-up Time 0 0 0 ns 

26 twcH Write Command Hold Time lS lS lS ns 

27 tos Data In Set-up Time 0 0 0 ns 7 

28 toH Data In Hold Time lS lS lS ns 7 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

'l t ; : HYM584000AL 

. '*f. ,s!MBOt PAii8METF:R •'. {i() 70 
'..:_ 

•.• go· UNIT NOU'. 

• " ~ MIN. MAX. MThl: MAX. , MThl. MAX. J: 
I 

·.! ; <j L L _.::._ 

29 to HR Data-In Hold Time Referenced to RAS 50 - 55 - 60 - OS 

30 tcPA Access Time from CAS Precharge - 35 - 40 - 50 ns 4 

31 trc Fast Page Mode Read or Write Cycle Time 40 - 45 - 55 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 20 - 25 - OS 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - OS 

35 tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 30 - ns 

37 tT Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 128 - 128 - 128 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 85 200K OS 

40 tcPT CAS Precharge Time(CBR Counter Test Cycle) 30 - 35 - 40 - OS 

41 tcLZ CAS to Output Low Impedance 0 - 0 - 0 - OS 4 

42 tcSH CAS Hold Time 60 - 70 - 80 - OS 

43 twRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

44 lWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 tT= Sns. 
3. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and VIL· 
4. Measured with a load equivalent to 2 TTL loads and IOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either lRCH or lRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : IftRcD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the lRAo(max.) limit insures that tRAc(max.) can be met. lRAoCmax.) is specified as a reference point only : IftRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by !AA. 

CAPACITANCE 
(TA=25°C, Von=SV±10%, Vss=OV, unless othetwise noted.) 

..,,-

SYMBOL PARAMEfER: · 
:0-- j,/ 

MAX j: 
\ ...::_ 

TYP. UN ff 
C1N Input Capacitance(Ao-A10, WE, CAS, RAS ) - 55 pF 

CoQ 1/0 Capacitance(DQ0-DQ7) - 15 pF 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

1------------------ tAcr21-----------------1 

IASA(4) -

IACS(161 -ICAS(141-

V1H- .... .,.. ..................... .,... ........................... ....i ..... ----+------+--f------........... ~ ............. P""'! ............... -

v,L - __ ..__._...._. __ .._ __ ....., .... .._.,, 
-ICAC(13)-

-IAA(121-

ICLZ(411) ,.....__ 

DQ 

-------IAAC(11),------i----~;-+----------+---..J 
VoH - ____ ..., _______ HIGH-z-------"CI/ 

VOL -

EARLY WRITE CYCLE 

1------------------IRcr2i----------------1 

"'1-------------IRAS(11----------•l.ll 

l+-------f.cSH(42)----------.. I 

l---------IAA(23)--------1 

IASA(4i - - IRAH(SJ-

ROW ADDRESS COLUMN ADDRESS 

IASC(B) - -ICAH(9)-

1------- IRCD(101------t .. I 

V1H

v~ -.J.-'-"'-'---'~~-'--'-.L...~-'--'-"'-.L...~-~++--.....iF"'-'-J.-""-4~-'-~'-'-""....,.._~~-""""""'...r..."-'"'""" ..... 

DQ 
V1H-

V1L - ..--'-""""""'-"'-""+'.._...._.-"""""-'--'-"""""'-"-.._..., -.-------oir '""""'""-"'-''-'-""-'-""'-"-'.._."""" __ .._ ___ """" __ 
l+--------IOHA(29)----
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

DO 

V1H

V1L - --""+--

VoH
VOL-

lcLZ(41) 

FAST PAGE MODE EARLY WRITE CYCLE 

Cf:.S 

'4-0-~ 

DO 

V1H-

V1L -

VtH-

V1L-

V1H- __ ...,. __ ... 

V1L - ~-""-'-""'-'"""--tt.+--+-_.."""'"""-"-''-' ..... --t~t---+""-""""~""""~""-"""""'--f'-++--...,..._._. ..... ""'+'.._"-'"""' ..... ..._....._ 

V1H - ,,..-i""""-- -------... 
V1L - ---- r-----"""I 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

•-----------------IRc121---------------1 

V1H - ---...i 1•-----------IRAS111----------0~1 u.--------1 
V1L-

IASR(4) - - IRAHi5)-

ROW ADDRESS 

J-lcRP(19) 

V1H- --4P---------------------------------------------------
v,L -

DO 
VoH- ----------------------------HIGH-Z------------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

•---------IRAS(1)------•1 

-IRPC(34)-

~ ~ -tcHR(36)-

00 ~::==-------oilllf ~' HIGH-Z-------------------
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

-IRPiJi-
ViH - ----1 l-------IRAS(1)-------l•I 1 .. -----.. 1 1~------lRAS111-----1 

VIL-

I~ _,RC0(10J- _,RSH115)- 1------lcHR(36)-

IRAL(6)-

-IRA0(7)-

IRAH(5) 
IASR1•1- - lcAH(9) 

V1H-

V1H

V1L - -------..... --...... 

1-------IRAC1111----4--_.., 

DO VoH - ---HIGH-z-------JI 
Vm -

VALID DATA 

lcLZ(411 

HIDDEN REFRESH CYCLE (WRITE) 

l------IRASl1J ____ _. -IRPIJJ- 1~-----IRASl'J------1 

V1H - -----" 

VIL -

l4-----ICHR(36)-

-----IARi241 _.._. _____ , 

IASC(BJ 

IASRi4l - -- IRAH(51 ..._. -+-ICAH(9)+ 

DO 
V1H-9""l"...,......,..,.. __ ...,..,_....,..,.. ___ ~ ...... ---------1 1"'7"',...,."'7"',...,...,...,..,..,...,..,..,...,..,._,...,....,......,. __ .,..._....,. __ .,.. __ .-

ViL - ..... -. ..... -. ......... f--A ......... ...., ~---v._'A_L_1D_D_Ar._"A--..1!'"'-"~~:..L.~:..L.1..1...._'-'-..._l-l...J..J.:.L.U...J...U...1...J""'-J..J.-'-'-L. 

l4--------IOHR(29) -----1 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

-------....i 1---------------IRAS111-----------'---+I 

14------IRSHPSJ-------<~ 1 

-tCHR(36J- -tcPT(40J- 1------ICAS(14J-

V1H - ~,..,..,..,..,..,..,...,.....,,_,....,""7"'7"'7""7"',....,..,...,...,..,...,..,.~..J!""""--...... ....;,..;..... ___ -l r,,..,..,...,,..,...,..,..,...,..,..f,I~,..,......, ...................... __ 

V1L - ... ...,_~"'""'-'-""'-'li-+-J.-1.-'-.1.J.-'-J.J.-'-.1.J.-'-1.J.1 ,__.,;:;;~i;;,:;:~--~~,'-'-""""'""'"""'-'J..'-'1-""''""~~~:..L..LJ.:..L..LJ.~ 

READ CYCLE 

DO 

IWRP(43) 

-tRRH(18J 

VtH ~ .,..,~,.;.----++----+7"'7""7"'7"'7_,...,...,...,..~---------~t---------------------------++---+-----.....J_.,,_._.. __ 

V1L --

-IRCH(17)-

WRITE CYCLE 
!CWL(33) 

!WRP(43) !WRH(44) 
IRWLl32) 

VtH __:____ ,-,_,..7""11 ________ _.,.....i,..,._,..,. __ 

Vtl -

~ l;---tos127)- -10H12a1--in 

00 ~: = I 1/§JJV//J/,(i /////~ VALID - . fW! !l/11/11/§IJl///i 
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HYM584000AL 4,194,304X8-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM584000ALM 

2.03 -· 1·-· 2.54 ... _ 

88.90±0.13 

82.14±0.13 

73.66 
-11~ 

---1--~~~~~~~~~~~~~~~~~~~~~~-.1 

7 62 

* DETAIL OF CONTACTS 

0.25MAXi DD D 

UNIT: mm 

<1>3.17±0.05 

--I 1.27±0.08 

5.08 MAX. 

TOLERANCE : ± 0.13mm 
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DESCRIPTION 

The HYM532100 is a lM words by 32 bits 
dynamic RAM module which mounted Fast 
Page mode CMOS DRAMs of eight HY514400J 
and 20/26 pin SOJ on a 72 pin glass-epoxy 
printed circuit board. Decoupling capacitors 
are mounted under all the DRAMs. 

The HYM532100 is optimized for applica
tions required high density and large capacity 
memory. The HYM532100 can be used as 2M 
words by 16 bits dynamic DRAM module by 
using of connecting DQ0 ... DQ1s to DQ16 ... DQ31 
respectively and selecting with RASo or RAS2. 

The HYM532100 is a socket type single-in
line module suitable for easy interchange and 
addition of 4M bytes memory. 

PIN CONNECTIONS 

0 

M551200A-JAN92 

FEATURES 
• Fast page mode operation 
• Fast access Time 

532100M-70 50 
532100M-80 80 25 50 
532100M-10 100 25 60 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operation 

4.18W max. (HYM532100M-70) 
3.74 W max. (HYM532100M-80) 
3.30W max. (HYM532100M-10) 

• 1TL compatible inputs and outputs 
• 1024 refresh cycles/16ms 
• High reliability gold plated contact pads 

PIN NAMES 

~-As ADDRESS INPUT 

D00-D031 DATA INPUT/OUTPUT 

RASo-RA&.1 ROW ADDRESS STROBE 

CASo-CASs COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

PD1-PD4 PRESENCE DETECT 

Voo POWER(+SV) 

Vss GROUND 
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HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

PIN DESCRIPTIONS 
# NAME # NAME 

1 Vss 37 NC 
2 OOo 38 NC 
3 0016 39 Vss 

4 OQ, 40 CASo 
5 0017 41 CAS2 
6 002 42 CAS3 
7 0018 43 CAS, 
8 003 44 RASo 
9 0019 45 NC 
10 Vee 46 NC 
11 NC 47 WE 
12 Ao 48 NC; 
13 A, 49 OOa 
14 A2 50 D024 
15 As 51 DOs 
16 Ai 52 D02s 
17 As 53 0010 
18 Aa 54 0026 
19 NC 55 0011 
20 004 56 D021 
21 D020 57 D012 
22 DOs 58 D02a 
23 D021 59 Vee 

24 006 60 D020 
25 D022 61 D013 
26 D01 62 0030 
27 DQ23 63 D014 
28 A1 64 0031 
29 NC 65 D01s 
30 Vee 66 NC 
31 Aa 67 PD, 
32 As 68 PD2 
33 NC 69 PD3 
34 RAS2 70 PD4 
35 NC 71 NC 
36 NC 72 Vss 

PRESENCE DETECT PINS 

PIN -70 -80 -10 

PD1 Vss Vss Vss 

PD2 Vss Vss Vss 

PD3 Vss NC Vss 

PD4 NC Vss Vss 
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BLOCK DIAGRAM 

Ao-A9 

iiVE 

RAS 
eAS Jl OE 

Ao-A9 

1 
~ 1----1 RAS .___, GAS 

~BE AQ-A9 

l 
~ RAS 

CtiS 

~ 5E 
Aoi9 

'-I t---1 i'iii.S 
.______, CA5 

&l 5E 
AoJ9 

'RAS 
GAS 

Jl5E Ao-A9 

l 
jl-t-- RAS 

'---- GAS 

~BE AQ-A9 

l 
~ RAS 

CA8 

{BE 
Ao-As 

I 
.___ t-- RAS 

'--- CiiS 

~ 5E 
AQ-A9 

J 

l/Oo 

1101 
4M 1/02 

WE 
1/03 

l 
1100 
1101 4M 1/02 

WE 
1/03 

l 
l/Oo 

4M 1101 
1/02 

WE. 
1103 

I 
l/Oo 

1101 
4M 1/02 

WE 
1/03 

I 
l/Oo 

1101 
4M 1/02 

WE 
1/03 

l 
l/Oo 

1101 
4M 1/02 

1/03 
WE 

l 
l/Oo 

1101 
4M 1/02 

1103 
WE 

I 
l/Oo 

1/01 
4M 1/02 

1103 
WE 

J 
4M: HY514400J 



HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N, VoUT Voltage on Any Pin Relative to Vss 

Voo Voltage on V 00 Relative to V ss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Voo Supply Voltage 4.S 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

TIP. 

s.o 
-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST ~ONDIDONS SPEED 

I Iu I Input Leakage Current(Any Input Pins) Vss~V1N~Voo 

I Iw I Output Leakage Current for Vss~VoUT~Voo. 

High· Impedance State RAS & CAS at Vrn 

loot V oo Supply Current, -70 

Operating tRc=tRc(min.) -80 

-10 

1002 Voo Supply Current, RAS & CAS at Vrn, 

TTL Standby Other inputs>Vss 

1003 Von Supply Current, -70 

RAS-only Refresh tRc=tRcCmin.) -80 

-10 

1004 Voo Supply Current, Minimum Cycle -70 

Fast Page mode trc=trcCmin.) -80 

-10 

Ioos Voo Supply Current, RAS~ Voo-0.2V, 

CMOS Standby CAS;;::_Voo-0.2V 

other inputs>Vss 

1006 Voo Supply Current, -70 

CAS-before-RAS Refresh tRc=tRcCmin.) -80 

-10 

VoL Output Low Voltage IoL=4.2mA 

VoH Output High Voltage loH=-SmA 

NOTE: 

RATING 

0 to 70 

-SS to ISO 

-1.0 to 7.0 

-1.0 to 7.0 

so 
4.8 

MAX. 

s.s 
Voo+l 

0.8 

MIN. MAX. 
- 80 

- 10 

- 760 

- 680 

- 600 

- 16 

- 760 

- 680 

- 600 

- 64() 

- S60 

- 480 

- 8 

- 760 

- 680 

- 600 

- 0.4 

2.4 -

I. loo is dependent on output loading when the device output is selected. Specified Ioo(max.) is measured with the output open. 

UNIT 
oc 

°c 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

.UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otherwise noted.) NOTES : 1, 2, 3 

T ~~F .. :~ ~ F 

#;r ~~i:' '.P~t~~ 
}'. ::~ ':,, ·~.: •1 ···~2 J. .•. 

1 tRAs RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

Random Read or Write Cycle Time 130 150 180. - ns 

RAS Precharge Time so 60 70 - ns 

Row Address Set-up Time 0 0 0 - ns 

S tRAH Row Address Hold Time 10 10 lS ns 

6 tRAL Column Address to RAS Lead Time 3S 40 4S ns 

7 tRAD RAS to Column Address Delay Time 15 3S 15 40 20 SS ns 9 

8 tAsc Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time IS 15 20 ns 

10 tRcn RAS to CAS Delay 20 so 20 5S 2S 7S ns 8 

11 tRAc Access Time From RAS 70 80 100 ns 4, 8, 9 

12 tAA Access Time From Column Address 3S 40 4S ns 4, 9 

13 tcAc Access Time From CAS 20 2S 25 ns 4, 8 

14 tcAs CAS Pulse Width 20 lOK 2S lOK 2S lOK ns 

lS tRsH RAS Hold Time 20 2S 2S ns 

16 tRcs Read Command Set-up Time / 0 0 0 ns 

17 tRcH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time 5 s 10 ns 

20 toFF Output Buffer Turn Off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width 15 lS 20 ns 

22 tcP CAS Precharge Time 10 10 10 ns 

Column Address Hold Time From RAS SS 60 80 ns 

24 twcR Write Command Hold Time From RAS 5S 60 80 ns 

2S twcs Write Command Set-up Time 0 0 0 ns 

26 twctt Write Command Hold Time lS lS 20 ns 

27 tns Data-In Set-up Time 0 0 0 ns 7 

28 tntt Data-In Hold Time IS I5 20 ns 7 
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HYM532100 1,048,576X 32-Bit CMOS DRAM MODULE 

·;;·· ;• 

l·•:tf:;S~L . ;I~AAAME?g~ 
,,c( ,''> 

. ·~ .i ., ..l.::_ •• ;_· • _j_ •.• -"-

29 toHR Data-In Hold Time Reference to RAS SS 60 80 ns 

30 tcPA Access Time From CAS Precharge 4S 4S SS ns 4 

31 tpc Fast Page Mode oir Wirte Cycle Time so so 60 ns 

Write Command to RAS Lead Time 20 2S 2S ns 

33 tcWL Write Command to CAS Lead Time 20 2S 2S ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 ns 

3S tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 10 10 ns 

36 tcHR CAS Hold Time( CAS Before RAS Cycle) 30 30 30 ns 

37 h Transition Time(Rise and Fall) 3 so 3 so 3 so ns 3 

38 tREF Refresh Period 16 16 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 200K 80 200K 100 200K ns 

40 tcP'f CAS Precharge Time(CBR Counter Test Cycle) 40 40 so ns 

41 tcLZ CAS to Output Low Impedance 0 0 0 ns 

42 fcSH CAS Hold Time 70 80 100 ns 

43 tWRp WE to RAS Precharge Time(CBR Cycle) 10 10 10 ns 

WE to RAS Hold Time(CBR Cycle) 10 10 10 ns 

NOTES: 
1. An initial pause of 200µs is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using intermal refresh counter, 

a minimum of 8 CAs before RAs initialization cycles instead of 8 RAS cycles are required. 

2. AC measurements assume tT=Sns. 
3. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between V1H and VIL· 
4. Measured with a load equivalent to 2 TTL loads and IOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

6. Either tRcH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CA'S leading edge in early write cycles. 

8. Operation within the tRcoCmax.) limit insures that tRAc(max;) can be met tRcoCmax.) is-specified as a reference point only: lftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by, tcAC· 
9. Operation within the tRAo(max.) limit insures that lRAc(max.) can be met. lRAo(max.) is specified as a reference point only : If tRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by tAA· 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) 

.. 
SYMBOL 

... 
r~ETEJi·•.·\ ... • . 'f\ll>: .· 

• .• 
···MAX£ 'UNIT. 

~ • .,. · .••.• _,.."...lL ...::..;:_ . :..::. ....:... ..:.. • .... _;;,,_ -
C1Nt Input Capacitance(Ao-A9) - 68 pF 

C1N2 Input Capacitance(WE) - 76 pF 

C1N3 Input Capacitance(RAS0-RAS2) - 43 pF 

C1N4 Input Capacitance( CAS0-CAS3) - 29 pF 

CDQ 1/0 Capacitance(DQ0-DQ31) - 17 pF 
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HYM532100 1,048,576X 32-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 
READ CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-

tRCD(10) 

tRAC(11) 

tRC(2) 

tRAS(1) 

tRSH(15) 

ICAS(14) 

IRAL(6) 

tCAH(9) 

tCAC(13) 

tCLZ(41)_ 

DOO
D031 ------- HIGH-Z ----------4'1 

VOL -

EARLY WRITE CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQO- VIH 

D031 VIL 

4-186 

tRC(2) 

tRAS(1) 

tRCD(10) tRSH(15) 

tAR(23) 

tCAH(9) 

tWCR(24) 

tRWL(32) 

tCWL(33) 

tWCH(26) 

IWP(21) 

VALID DATA 

~8(27) __ tDH(28) 

------------ tDHR(~---------' 

tRP(3) 

tOFF(20) 

VALID DATA 

tRP(3) 



FAST PAGE MODE READ CYCLE 

AO-A9 

000-
0031 

VIH 

VIL 

tCSH(42) 

IRCD(10) 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH
---HIGH-Z 

VOL-

HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

IRASP(39) IRP(3) 

tPC(31) tRSH(15) 

FAST PAGE MODE EARLY WRITE CYCLE 

oao-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

0031 VIL 

IRASP(39) tRP(3) 
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HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

'RAS-ONLY REFRESH CYCLE 

~ 

~ 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-

tCRP(19) 

IRC(2) 

tRAS(1) IRP(3) 

D00-
0031 -.------------------ HIGH-Z ------------------

VOL -

NOTE : WE' = DON'T CARE 

CAS-BEFORE-RAS REFRESH CYCLE 

D00-
0031 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH

VOL-

4-188 

tRC(2) 

tRAS(1) IRP(3) 

~~0)-------------~ J- HIGH-Z ---------------

NOTE : AO-AS = DON'T CARE 



HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

VIH 

VIL 

IRC(2) 

IRAS(1) 

tRCD(10) tRSH(15) 

AO-AS 

DQO
D031 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH--------
VOL-

HIGH-Z 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 

Vii.. 

IRAL(6) 

tCAH(9) 

IAA(12) 

tCAC(13) 

tCLZ(41 

IRAC(11) 

tRC(2) 

IRAS(1) 

tWCR(24) 

tRCD(10) tRSH(15) 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQO- VIH 

DQ31 VIL 

IAR(23) 

IRAD(7) 

tWCS(25) 

tDHR(29) 

tDS(27) 

IRAL(6) 

tCAH(9) 

tRWL(32) 

tWCH(26) 

IWP(21) 

IDH(28) 

VALID DATA 

IRP(3) IRAS(1) 

VALID DATA 

tRP(3) tRAS(1) 

tCHR(36) 
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HYM532100 1,048,576X32-~!t CMOS DRAM MODULE 

G\S"-BEFORE-'RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

READ CYCLE 

DQO
D031 

VIH 

VIL 

VOH-

VOL-

tRAS(1) 

tCHR(36) tCPT(40) 

tASC(8) ICAH(9) 

COLUMN 

IAA(12) 

ICWL(33) 

WRITE CYCLE 

VIH 

VIL 

DQO- VIH 

D031 VIL 

4-190 

tRWL(32) 

tWCH(26) 

IWP(21) 

tRP(3) 

tOFF(20) 

VALID DATA 



HYM532100 1,048,576X32-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM532100M 

4.250 107.95 
3.984 101.19 

UNIT: INCH(mm) 
TOLERANC~: +/-0.005(0.13) 

1.000 25.40 
0.208(5.28\MAX -~ 

:...-1--~~~~~~~~~~~~~~~~~~~~~~~~-4-~-+-~~ 

DDDDDDD 

DETAIL A 
70 ns 80 ns 100 ns 

PD3 PD4 PD3 PD4 PD3 PD4 

B 

DETAIL B 

0.010MAX. RRRRR10.100MIN 
~ LJLJLJLJLJ_t·54) 

T ~ ~0.041 +1-0.004 
0.050(1.27) (1.04+/-0.10) 
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DESCRIPfION 

The HYM594000M is a 4M words by 9bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs ofnineHY514100J 
in 20/26 pin SOJ mounted on a 30 pin glass
epoxy printed circuit board. 0.22µF decoupling 
capacitors are mounted under all the DRAMs. 

HYM594000M is a socket type single-in line 
module suitable for easy interchange and addi
tion of 4M bytes memory with parity RAM. 

BLOCK DIAGRAM 

Ao·A10 u-----1r----------

RAS u---.-t---------~ 

CA'Sv----1H-t---------~ 

'WEu--.-ii-+-t--------~ 

M4A 1202A-JAN92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time ..,,.,..,.,.,7 ':"';'" T 

' 
tRAc .. ·~~; tre 

HYM594000M-70 70 20 50 
HYM594000M-80 80 25 55 
HYM594000M-10 100 25 60 

• Single power supply of 5V ± 10% 
• CAS Before RAS, RAS only, Hidden Refresh. 
• Low power operating 

4.46W max (HYM594000M-70) 
3.96W max (HYM594000M-80) 
3.47W max (HYM594000M-10) 

• 1TL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

AJ-A10 ADDRESS INPUT 

DOo-DQy DATA INPUT/OUTPUT 

PD DATA IN FOR PARITY 

PO DATA OUT FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER( +5V) 

Vss GROUND 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 

CAS (2) . 

DOo (3) D 
A-0 (4) 

A, (5) 

DO, (6) 

A2 (7) 

AJ (8) 

Vss (9) 

D02 (10) 

g[:: ::] 
~c:: ::] 

A4 (11) 

A5 (12) 

D03 (13) 

A5 (14) 

A1 (15) 

~ (16) 

Aa (17) 

Ag (18) 

A10 (19) 

D05 (20) 

B[:: ::::: 
~[:: ::::: 
g[: ::::: 

WE (21) 

Vss (22) 

005 (23) 

NC (24) 

007 (25) 

PO (26) 

RAS (27) 

~[:: ::::: 
g[: ::::: 

PCAS (28) 

PD (29) 

Voo (30) g[:: ::::: 
0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQO-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQO-DQ7). 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N. Your Voltage on Any Pin Relative to Vss 

Von Voltage on V no Relative to V ss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA =0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Von Supply Voltage 4.5 

VIH Input High Voltage 2.4 

v, .. Input Low Voltage -1.0 

NOTE : All voltages are reference to Vss· 

DC CHARACTERISTICS 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

5.4 

TYP. MAX. 

5.0 5.5 

- Voo+l 

- 0.8 

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless othetwise noted.) 

SYMBOL 
HYM594QOOM 

PARAMETER TEST CONDITTONS SPEED. 
MIN. MAX. 

I lu I Input Leakage Current(any input pin) Vss ~VIN~ Von - 90 

llwl 
Output Leakage Current for Vss~DoUT ~Von 

10 
RAS, CAS at Vrn 

-
High Impedance State 

-70 - 810 

lorn V no Supply Current, Operating tRc =tRc(min) -80 - 720 

-10 - 630 

1002 V no Supply Current, 1TL Standby 
RAS, CAS at Vrn 

18 -
other inputs 2- V ss 

-70 - 810 

lom 
Von Supply Current, 

tRc=tRcCmin.) -80 - 720 
RAS-only Refresh 

-10 - 630 

-70 - 630 

1004 
Von Supply Current, 

Minimum Cycle -80 - 540 
Fast Page Mode 

-10 I - 450 

Inns 
V no Supply Current, RAS~Voo-0.2V, CAS= 

9 -
CMOS Standby Vrn, other inputs~Vss 

-70 - 810 

loD6 
Von Supply Current, 

tRc=tRc(min.) -80 - 720 
CAS-Before-RAS Refresh 

-10 - 630 

VoL Output Low Voltage loL=4.2mA - 0.4 

You Output High Voltage lou=-5mA 2.4 -

NOTES: 

1. loo is dependent on output loading when the device output is selected, Specified lnoCmax.) is measured with the output open. 

UNIT 
oc 
oc 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT , .. ··NOTE 
-

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheIWise noted.) NOTES: 1. 2. 3 

IZ~Af; J i,}f.s.c~·+~ ·;·····1?:;:'7' ~ .;~· ;;.,:+'·'/ 

+i-•. l~;...;.;.....;,; .. 14 ·., .;n.cr.1 .... w,,.......,.~ , 10 .... ;· .. \JNJJ N~· 
I•;~}~·; ii't:iit t:~j i~~::.~~;0 j~y;;.~i'.:j.: ~~l~ ·;t.) .~; i,f1d_ ~; .. . :~A~5·{.·~·; 

1 tRAS RAS Pulse Width 70 JOK 80 lOK 100 lOK ns 

2 tRc Random Read or Write Cycle Time 130 - lSO - 180 - ns 

3 tRP RAS Prechange Time so - 60 - 70 - ns 

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

s tRAH Row Address Hold Time 10 - 10 - lS - ns 

6 tRAL Column Address to RAS Lead Time 3S - 40 - 4S - ns 

7 tRAD RAS to Column Address Delay Time lS 3S lS 40 20 SS ns 9 

8 tASc Column Address Set-up Time 0 - 0 - 0 - ns 

9 tcAH Column Address Hold Time lS - lS - 20 - ns 

10 tRCD RAS to CAS Delay 20 so 20 SS 25 75 ns 8 

11 tRAC Access Time from RAS - 70 - 80 - 100 ns 4,8,9 

12 tAA Access Time from Column Address - 35 - 40 - 4S ns 4,9 

13 tcAC Access Time from CAS - 20 - 2S - 25 ns 4,8 

14 tcAS CAS Pulse width 20 lOK 2S IOK 25 IOK ns 

lS tRSH RAS Hold Time 20 - 2S - 2S - ns 

16 tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

17 tRCH Read Command Hold Tune Referenced to CAS 0 - 0 - 0 - ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 - 0 - 0 - ns 6 

19 tcRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

20 to FF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns s 
21 tWP Write Command Pulse Width lS - lS - 20 - ns 

22 tcP CAS Precharge Time 10 - 10 - 10 - ns 

23 tAR Column Address Hold Time from RAS SS - 60 - 80 - ns 

24 twcR Write Command Hold Time from RAS 5S - 60 - 80 - ns 

2S twcs Write Command Set-up Trme 0 - 0 - 0 - ns 

26 twcu Write Command Hold Time lS - lS - 20 - ns 

27 tos Data In Set-up Time 0 - 0 - 0 - ns 7 

28 tou Data In Hold Time 15 - 15 - 20 - ns 7 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

i -' : 
HY:M~~M ' -- ' 

" 
--i ):, ·- -- -"'-,-'-; 

S~L t>~:rta· 
,x .> _cto' -.:~ 1~ NOTi--' # ~ ·I 70 , __ :_ -- 80 I 

I 
· 1 ·MlN~ -~;-- MIN. MAX. _--MIN.- MAX.."- :· /". . 

'. .. ~--- .,L : 

29 tnHR Data-In Hold Time Referenced to RAS 55 - 60 - 80 - ns 

30 tcPA Access Time from Column Precharge - 45 - 50 - 55 ns 4 

31 tpe Fast Page Mode Read or Write Cycle Time 50 - 55 - 60 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 25 - 25 - ns 

33 tcWL Write Command to CAS Lead Time 20 - 25 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 tcSR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) 30 - 30 - 30 - ns 

37 tT Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 16 - 16 - 16 ms 

39 tREF RAS Pulse Width(Fast Page Mode) 70 200K 80 200K 100 200K ns 

40 tRASP CAS Precharge Time(CBR Counter Test Cycle) 40 - 40 - 50 - ns 

41 tcu CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcSH CAS Hold Time 70 - 80 - 100 - ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 - 10 - 10 - ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. V1H(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and VIL· 
4. Measured with a load equivalent to 2 TTL loads and lOOpF. 
5. toFF(max.) defines the time at whlchtheoutput acltieves the oiren circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : IftRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only : IftRAD is greater than the specified 

tRAo(max.) limit, then access time is controlled by tAA. 

CAPACITANCE 
(TA=25°C, Vrm=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL 
-,,-

-PAIW\1ETEll 
-cc_ m.' ~ ~---" ~ _'. --

C1Nt Input Capacitance(Ao-A10, WE, CAS, RAS) - 60 pF 

C1N2 Input Capacitance(PD, PCAS) - 10 pF 

CDQ I/0 Capacitance(DQ0-DQ1) - 15 pF 

CPQ Output Capacitance(PQ) - 10 pF 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 

READ CYCLE 

1------------------IRC(2)-----------------+I 

V1H-m 
Vil -

•---------IAR(23) --------'~' 

---~------~ 

IASR(4) - --------tcSH(42)·-------...1....--M 
--4--"'°--• I 

-IRAH(5)-

~-Ae 
V1H-

Vil-

CAS 
V1H-

Vil-

-·CAS(14)-

V1H-

WE Vil-
-ICAC(13)-

-IAA(12)-

lcLZ(411) I+--

DO 
VoH-

Vol -
---------+--------------1HIGH-z--------------o1i/ 

EARLY WRITE CYCLE 

•-------------------IRC!2)----------------I 

I +--------'kSH(42)----------•I 

1---------IAR(23)-------1 

IASR(4) - -IRAH(5)-

ROW ADDRESS COLUMN ADDRESS 

IASC(B) - -ICAH(9)-

1------IRCD(10)------4•I 

V1H

V1L -"""'""'-""'-"-"-""i-1'-"""""-'--'-"'""""'""""""'-'""""~----l-+-----~Foo".,J..-'-""-'-'-'-'-"'-I....'--''-'-'-'--'-"'-'--'-'-'--'-""-

DO 
V1H-

V1L - ...._.._.._"-""""'""+'"""'"""""-'--'--'--'--'-'-'"""'""""'-'",.._ __________ ~'-._."""""""'"'""-"'-'._."""""-""...._.._.._..._...._. .................. "-~ 

l---------IOHR(29)----
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HYM594000 4,194,304X 9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

/\:J-Ae 

WE 

DO. 

V1H-

V1L-

V1H-

V1L-

VoH

VoL-

tcLZ(41) 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L --

Ao-Ae 
V1H-

V1L --

V1H - __ ..,. __ ~ 

V1L -- ............................ ~ ..... --.11~ .................... ~~ .... - ............... '""" ..... '-' ....................... __ _.. ............... ~ ..... --............. -... 

DO 
V1H - 7"""1,...,...,.~L..111-----~ 

V1L - ............. ., ,_ ____ ...., 
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

•-----------------IRC(2)---------------I 

V1H - ---~ 1•-----------IRAS(1)----------1~1 1.1--------'1 
V1L-

IASR(4) - - IRAH(5)-

ROW ADDRESS 

J-tcRP(19) 

~H- --i.--...;..---------------------------------------------
V1L -

DO 
VoH-

-----------------------------------~HIGH~------------------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

1---------IRAS(1)--------1~1 

-tRPC(34)-

~ ~ -ICHR(36)-

V1H-
WE v,L-

r~ VoH-
DO HIGH-Z 

Vol-
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HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

00 

-IRPi31--
VtH - ----1 1--------IRAS11;------'~' 1 .. -----.. 1 '·------IRAS(l)-----1 ----

v,L -

V1H __:. 

V1H-

I~ -IRCD(10)- -tRSH(15)-

IASCIB) -

-IRAD(7)-

IRAH(5) 

IASR(4) - __,. 

IRAL(6)-

- lcAH(9) 

V1L - _____ ...... ,,..__""""_ 

.--- lcAC(13) 

14---l---... 1 IAA1121 

l4------IRAC(111--+---+I 

•------lcHR(361-

VoH - ---HIGH-z------+11 VALID DATA 

-IOFF(20J 

Vol - 1"-""-'~-------------------------~ 
lcLZ(41) 

HIDDEN REFRESH CYCLE (WRITE) 

1------- IRA5(11----• -IRP(3)- l4------IRASl1l-------1 

V1H------i 

VtL -

1+----lcHR(36)-

I +-----IAR(24)~1-----+I 

IASC(B) 

IASR(4) - - IRAH(5) - +-ICAH(9)+ 

00 
V1H

~L -~~'-'~ ... ~~~._. .... 11'-------------....i~,'"""J..J.~l..J.~1...J..J-'-'"'-<"""'J..J.~l-J..i-<'-LJ..J.~l..l.-i-l..I.~ 

l4-------IDHA(29l -----+I 
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-HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

Aa-~ 

READ 

00 

WE 

V1H------...i 

V1L-

V1H-

V1L -

CYCLE 

VoH_ 

VOL-

V1H-

V1L-

lcsR(35) -
1+-------------IRAS(11-------------1 

-tCHR(36)- -ICPT(40)-

l----'----IRSH(15)------4•1 

l------ICAS(14)-

- IRRH(16) 

4----IRCH(17)-

WRITE CYCLE 

ICWL(33) 

\WRP(43) IWRH(44) 
\RWL(32) 

WE 
V1H-

V1L-

~ [;--1os121,_ -•0H12a,_{
17 

DO ~,:= l////l!l////l///////!lflf '°'LID DATA f'W/00'/ft//l/f./$/i 
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· HYM594000 4,194,304X9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM594000M 

2.03 - 1--

88.90±0.13 

82.14±0.13 

73.66 
-----1.-~~~~~~~~~~~~~~~~~~~~~~--1-+ 

7.62 

* DETAIL OF CONTACTS 

0.25MAXi o o o 

UNIT: mm 

q>3.17± 0.05 

-, 
5.08 MAX. 

TOLERANCE : ± 0.13mm 
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DESCRIPTION 

The 'HYM594000AM is a 4M words by 
9 bits dynamic RAM module and consists 
of Fast Page mode CMOS DRAMs of nine 
HY514100AT in 20/26 pin SOJ mounted on 
a 30 pin glass-epoxy printed circuit board. 
0.22µF decoupling capacitors are mounted 
under all the DRAMs. 

HYM594000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory with parity RAM. 

BWCK DIAGRAM 

Ao·A10 r>-----11....------------. 

RAs [ >---........+-----------. 

CAS'v-----io-+-1---------. 
"Wf o-----+-1---------. 

PRELIMINARY 

M4J1200A·MAR92 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

HYM594000AM-60 60 20 40 
HYM594000AM-70 70 20 45 
HYM594000AM-80 80 25 55 

• Single power supply of 5V ± 10% 
• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

5.12W max(HYM594000AM-60) 
4. 70W max(HYM594000AM-70) 
4.21W max(HYM594000AM-80) 

• 1TL compatible inputs and outputs 
• 1024 refresh cycles/16ms 

PIN NAMES 

A:J-A10 ADDRESS INPUT 

D00-D01 DATA INPUT/OUTPUT 

PD OATS IN FOR PARITY 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER(+5V) 

Vss GROUND 
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HYM594000A 4,194,304X 9-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo ( 1) 

CAS (2) 

DOQ (3) 0 
~ (4) 

Ai (5) 

001 (6) 

A2 (7) 

A3 (8) 

Vss (9) 

002 (10) 

g[:: ::J 
~[:: ::] 

~ (11) 

As (12) 

003 (13) 

A6 (14) 

A1 (15) 

~ (16) 

Aa (17) 

As (18) 

A10 (19) 

OOs (20) 

BC::: ::J 
~[:: ::] 
g[: ::J 

WE (21) 

Vss (22) 

005 (23) 

NC (24) 

007 (25) 

PO (26) 

RAS (27) 

g[:: ::J 
~[:: ::J 

PCAS (28) 

PD (29) 

Voo (30) g[~: :~J 
0 

NOTES: 

I. Common CAS control for eight data-in and data-out lines (DQO-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQO-DQ7). 
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HYM594000A 4,194,304X9.-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 
{ 

TA Ambient Temperature 

TsTo Storage Temperature(Plastic) 

VIN, VoUT Voltage on Any Pin Relative to V ss 

Von Voltage on Von Relative to V ss 

los Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

,-
SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.S 

Vrn Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

1YP. 

5.0 

-

-

(TA=O, C to 70, C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(any input pin) Vsss.V1N~ Yoo 

I Iw I 
Output Leakage Current for Vss~DoUT ~Yoo 

RAS, CAS at Vrn High Impedance State 

-60 

1001 Yoo Supply Current, Operating tRc = tRc(min) -70 

-80 

1002 V oo Supply Current, TTL Standby 
RAS, CAS at Vrn 

other inputs2.. V ss 

-60 

lom 
V oo Supply Current, 

tRc=tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
V oo Supply Current, 

Minimum Cycle -70 
Fast Page Mode 

-80 

Ions 
V oo Supply Current, RAS2..Voo-0.2V, CAS= 

CMOS Standby Vrn, other inputs2_ V ss 

-60 

lm)6 
V oo Supply Current, 

tRc=tRc(min.) -70 
CAS-Before-RAS Refresh 

-80 

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=-SmA 

NOTES: 

RATING 

0 to 70" 

-SS to 150 

-1.0 to 7.0 

-LO to 7.0 

50 

6.6 

MAX. 

s.s 
Vnn+l 

0.8 

HYM594000AM 

MIN. MAX. 

- 90 

- 10 

- 945 

- 855 

- 76S 

- 18 

- 94S 

- 8SS 

- 76S 

- 585 

49S 

- 405 

- 9 

- 94S 

- 8SS 

- 76S 

- 0.4 

2.4 -

I. loo is dependent on output loading when the device output is selected, Specified Ino(max.) is measured with the output open. 

UNIT 

c 
c 
v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 

mA 

mA 

v 
v 
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HYM594000A 4,194,304X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Vnn=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 1, 2, 3 

~ ' 

# SYMBOL P~'fER: 

1 tRAS RAS Pulse Width 60 lOK 70 lOK 80 lOK ns 

Random Read or Write Cycle Time 120 130 150 ns 

RAS Prechange Time 50 50 60 ns 

Row Address Set-up Time 0 0 0 ns 

5 tRAH Row Address Hold Time 10 10 10 ns 

6 tRAL 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 9 

8 tASC Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time 15 15 15 ns 

10 tRCD RAS to CAS Delay 20 40 20 50 20 55 ns 8 

Access Time from RAS 60 70 80 ns 4,8,9 

Access Time from Column Address 30 35 40 ns 4,9 

13 tcAC Access Time from CAS 20 20 25 ns 4,8 

14 tcAS CAS Pulse Width 20 20K 20 lOK 25 lOK ns 

15 tRSH RAS Hold Time 20 20 25 ns 

16 tRCS Read Command Set-up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time 5 5 5 ns 

20 toFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width 15 15 15 ns 

22 tcP CAS Precharge Time 10 10 10 ns 

23 tAR Column Address Hold Time from RAS 50 55 60 ns 

24 twcR Write Command Hold Time from RAS 50 55 60 ns 

25 twcs Write Command Set-up Time 0 0 0 ns 

26 twctt Write Command Hold Time 15 15 15 ns 
27 tos Data In Set-up Time 0 0 0 ns 7 

28 toH Data In Hold Time 15 15 15 ns 7 
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l:'J·' 

29 to HR Data-In Hold Time Referenced to RAS 50 55 60 ns 

30 tcPA Access Time from Column Precharge 35 40 50 ns 4 

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

32 tRWL Write Command to RAS Lead Time 20 20 25 ns 

33 tcWL Write Command to CAS Lead Time 20 20 25 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 ns 

35 tcsR CAS Set-up Time(CAS Befc;>re RAS Cycle) 10 10 10 ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) 15 20 30 ns 

37 h Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period 16 16 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 85 200K ns 

40 tcP'f CAS Precharge Tnne(CBR Counter Test Cycle) 30 35 40 ns 

41 tcu CAS to Output Low Impedance 0 0 0 ns 4 

42 tcsH CAS Hold Time 60 70 80 ns 

43 tWRP WE to RAS Precharge Time(CBR Cycle) 10 10 10 ns 

44 tWRH WE to RAS Hold Time(CBR Cycle) 10 10 10 ns 

NOTES: 
1. An initial pause of 200µs 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 tT=Sns. 
3. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vm and Viv 
4. Measured with a load equivalent to 2 TIL loads and lOOpF. 
5. topp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CASleading edge in early write cycles. 
8. Operation within the tRcoCmax.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : IftRcD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAO(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only : If lRAD is greater than the specified 

tRAO(max.) limit, then access time is controlled by tAA. 

CAPACITANCE 
(TA=25°C, V00=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL ,,"t:JNtr />"' 
Input Capacitance(Ao-A10, WE, CAS, RAS) 60 pF 

Input Capacitance(PD, PCAS) 10 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) 15 pF 

Output Capacitance(PQ) 10 pF 
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HYM594000A 4,194,304X9-Bit CMOS DRAM.MODULE 

TIMING DIAGRAM 

READ. CYCLE 

00 

1------------------lRC(2)-----------------

IASR(4J -

l---------tAR(23) --------t•I 
l"·------------tRAS(1)----------... 111 

--------kSH(42)·-------....... --~ 
--+----<•I 

lRCS(16) -tCAS(14)-

V1H- ..,...,...,... ...... ...;...,...,...,..'l""""'l,..., .... ..,...,...,...~ .... ----+------+-+-----.............. ...-1"4-.,...,....~,...,....,_,_ 
V1L - .............. - ........ -----------" -tCAC(13)-

-tAA(12)-

lCLZ(411) ,......__ 
-toFF(20) 

14-------·---tRAC(11)------+--t•1-+----------+---.,t_ 

VoH -----+-------HIGH-z-------~ VALID DATA 
VOL -

EARLY WRITE CYCLE 

------------tRAS(1)----------•Lll 

14--------ICSH(42)------------l•I 

l---------lAR(23)--------I 

COLUMN.ADDRESS 

lASC(8)-

l------tRC0(10)-----I 

V1H

V1L -_.,_.__._..._""'-"'+"-'-'i....!....,,-""'-'-"""-""-""-J.,;il...--++---'""'"1Foo'o-'-""-""-"-'-'"""'-'-""'-""-""-""'-""'-""-''-'....,,-""'-'-.._._"'-

00 
V1H-

V1L - ---""'--'-""+'....,, ___ ""'-""-""-'-"i....l"""'J ~------.....- """"-""-"""""""'-'--'-""'-"""" .......... __ ""-""'-'-"i....1-""'-'-""'" 

l---------toHR(29)----
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HYM594000A 4,194,304X9-Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

A-O·As 

WE 

DQ 

V1H-

Vil-

V1H-

Vil~ 

VoH

Vol-

-------------IAASP(39) -------------•I 

!cLZ(41) 

IRP(3) -

FAST PAGE MODE EARLY WRITE CYCLE 

CA.S 
V1H-

Vil -

A-O·As V1H-

Vil-

V1H- __ ........... 'l"""I"' 

Vil-- ........... .,...-""""'"-1..,..~+----+--~-'-"""-""-l..,.++----+""lo..il.-'-""-l-'-""'-'lo..il.-'-... ~ ...... ----...... ~-'-""-'+-I~-"""""-""'-""""'-

DQ 
V1H - ~~..,..-" Jit---------~ 

Vil-._. ...... _.., 
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HYM594000A 4,194,304X9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

1-----------------IRC(2)---------------I 

•-----IRP(3)-

V1H - ----i -~---------IRAS(1)-----------t•I ~--------i 
Vrl-

IASR(4) - - IRAH(5)-

ROW ADDRESS 

A
-ICRP(19) 

~H- ~r-----------------------------------------------
V1l -

00 
VoH-

-----------------------HIGH~-------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

-IRPC(34)-

~ ~ -ICHR(36)-

V1H-
WE 

V1L-

- r~ DO 
VoH- HIGH-Z 
Vol-
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HYM594000A 4,194,304X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DO 

-tRP(3J------I 1--------IRASp;------0~1 i..-----.. I 1·------IRASilJ-----1 ----V1H -

V1L-

I~ -tRco1101- -tRsH11s1-

IRAH(SJ 

IASRi4!- -

IASC(BJ -

IRAL(6J-

-ICAH(9J 

•------ICHR(36)-

V1H- ,....,....,.j.,-,..,..._,...,._.,..~'"""""'--.,...,....,...,....,...,-r"7""°l,.;.,.~.,--r-,-~ 

V1L-

V1H - _'P"""'!,.....-i-....---...1.-4--...... -------.t~..,.-l.,..:.~~l-r...,....,...,...,....,...,__,.~""""'~.,..,....,..~ 
VIL - _____ .6to-___ _ 

-tcAC(13) 

1
------

1 
IAA1121 

1 ------IRAC(l1)~1-----+1 

VoH - ---HIGH-z-----.....,, 
Vol -

ICLZ(41) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

-IRP(3)- 1-------IRAS(l\-----+I 

V1H------i 

V1L -

lcRP(19) - -IRCD(10)- -IRSH(15)__. 1.-----ICHR(36)-

DO 
V1H

V1L - .......... '"""''-"-'-""'-l-'"""''""'""""IJ"l'---------..... ~~""'""'"" .... '"""''""''"""'""""''"""'""""'-'-""''"""'""""'""""""""' ......... "'"'-'-""""-'-.6oo 

1.-------!0HR(29) -----1 
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HYM594000A 4,194,304X9-Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H------"" 

tcsR1Js1 -
•--------------IRAS(1J------------I 

-tcHR(36J- -tcPT(40J_,... 

•------IRSH(15J-----•I 

l4-----lcASi14J-

!ASCCSJ !cAH(9) ---V1H-- .,.,~.,..,.'1'7'.,..,...,....,.-r-T7"'7""lr-T.,..,,_,...,...,""'7":"~~--~C~O~LU~M~N--~~--7"""J_,...7"""1..,....,...,-tt'l-,..,.""r'fl...,...,...,..-,..,...,........,..,. 

v1L - J.J.~'-'-"'-'..._.'-4"~~"-"-"-'-' ...... '"""""'-'~u ,. _ _...A .. o .. o ... R .. e .. s .. s __ ;r '""""""""'"""""""'""...,"""i.-'""--r-+""'-'-~"-'-"-'-'~ 

READ CYCLE 

00 

!WRH(44) 

- IRRH(18J 

V1H~ ,..,...,...,,.+o----++--....,~,_,.~,..,...,..., .......... ___ ~+------------+-+----1----...,,~,..,.~ 
V1L --

+-IRCH(17)-

WRITE CYCLE 

!CWL(33) 

!RWL(32) 

DO 
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HYM594000A 4,194,304X:9 .. Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM594000AM 

UNIT: mm 

88.90± 0.13 

82.14::0.13 
<j>3.17±0.05 

73.66 
-11~ 

1------~---------·-----------------------1-

-1 
5.08 MAX. 

TOLERANCE : + 0.13mm 

* DETAIL OF CONTACTS 

0.25MAXi no o 
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DESCRIPTION 

The HYM594000ALM is a 4M words by 

9 bits dynamic RAM module and consists 
of Fast Page mode CMOS DRAMs of nine 
HY514100AU in 20/26 pin SOJ mounted on 
a 30 pin glass-epoxy printed circuit board. 
0.22µF decoupling capacitors are mounted 
under all the DRAMs. 

HYM594000ALM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory with parity RAM. 

BLOCK DIAGRAM 

Ao-A10 c >------110------------. 

RAs 0----+41-----------, 

CAS'o-----4H-1-----------. 

'WEo-----~+----------, 

PRELIMINARY 

FEATURES 

• Fast Page Mode operation 
• Fast Access Time 

'"' .·. ' 

fRAc h~ tpe 
~ 

IIY'M594000ALM-60 60 20 40 
IIY'M594000ALM-70 70 20 45 
IIY'M594000ALM-80 80 25 55 

• Single power supply of 5V ± 10% -· 

• CAS-Before-RAS, RAS-only, Hidden Refresh. 
• Low power operating 

5.12W max(HYM594000AIM-60) 
4.70W max(HYM594000AIM-70) 
4.21W max(HYM594000AIM-80) 

• TIL compatible inputs and outputs 
• 1024 refresh cycles/128ms 

PIN NAMES 

Ao-A10 ADDRESS INPUT 

DOo·DQ7 DATA INPUT/OUTPUT 

PD OATS IN FOR PARITY 

RAS ROW ADDRESS STROBE 

GAS COLUMN ADDRESS STROBE 

PCAS CAS FOR PARITY 

WE WRITE ENABLE 

Voo POWER( +5V) 

Vss GROUND 
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HYM594000AL 4,194,304X9.-Bit CMOS DRAM MODULE 

PIN CONNECTIONS 

Voo (1) 

CAS (2) 

DOo (3) 0 
A.J (4) 

A, (5) 

DO, (6) 

A2 (7) 

A3 (8) 

Vss (9) 

002 (10) 

[::: ::J 
~[:: ::] 

Ai (11) 

As (12) 

003 (13) 

A5 (14) 

A1 (15) 

OOi (16) 

As (17) 

As (18) 

A10 (19) 

005 (20) 

~[:: ::::: 
g[:: ::::: 
g[: ::::: 

WE (21) 

Vss (22) 

005 (23) 

NC (24) 

007 (25) 

PO (26) 

RAS (27) 

~[: :~::: 
g[:: ::::: 

PCAS (28) 

PD (29) 

Voo (30) g[:: ::::: 
0 

N<YfES: 

1. Common CAS control for eight data-in and data-out lines (DQO-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/0 feature dictates the use of only early write operations lo prevent contention on data-in and data-out (DQO-DQ7). 
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HYM594000AL 4,194,304X9-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 
,~ 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature( Plastic) 

V1N, VoUT Voltage on Any Pin Relative to Vss 

Yoo Voltage on V00 Relative to Vss 

Ios Short Circuit Output Current 

PT Power Dissipation 

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

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.S 

Vm Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE : All voltages are reference to V SS· 

Dc«:::I-IARACTERISTICS 

TYP. 

s.o 
-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 
' ' 

I Iu I Input Leakage Current(any input pin) Yss<V1N<Voo 

I Iw I 
Output Leakage Current for Ysss_DoUT'.S__Yoo 

RAS, CAS at Vm High Impedance State 

-60 

1001 Yoo Supply Current, Operating tRc = tRc(min.) -70 

-80 

Iom V oo Supply Current, TTL Standby 
RAS=CAS at Vm 

other inputs_L Yss 

-60 

1003 
V oo Supply Current, 

tRc=tRc(min.) -70 
RAS-only Refresh 

-80 

-60 

1004 
V oo Supply Current, 

Minimum Cycle -70 
Fast page mode 

-80 

Ions 
Yoo Supply Current, RAS<Voo-0.2V, CAS= 

-70 
CMOS Standby Vm, other inputs_LVss 

-60 

loD6 
V oo Supply Current, 

tRc = tRc(min.) -70 
CAS-Before-RAS Refresh 

-80 

CAS=CBR cycling or 0.2V, 

WE=Voo-0.2V, 

Add= V 00-0.2V or 0.2V 

Voo Supply Current, l/O=Voo-0.2V or 0.2V or open, 

1007 Battery Back up tRc= 125µs, tRAs=tRAs(min.) 

-300ns 

Same as above 

except tRAs = 300ns-1 µs 

VoL Output Low Voltage loL=4.5mA 

You Output High Voltage Iou=-5mA 

RATING UNIT 

0 to 70 oC 

-SS to ISO °c 

-1.0 to 7.0 v 
-1.0 to 7.0 v 

so mA 

6.6 w 

MAX.· UNIT 

s.s v 
Yoo+ I v 

0.8 v 

HYM594000AL 
UNIT NOTE 

MIN. MAX. 

- 90 µA 

- IO µA 

- 945 

- 8SS mA I 

- 765 

- 18 mA 

- 945 

- 85S mA 

- 76S 

- S8S 

- 495 mA 

- 405 

- 1.8 mA 

- 945 

- 85S mA 

- 76S 

- 2.7 mA I 

- 3.6 mA I, S 

- 0.4 v 
2.4 - v 
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HYM594000AL 4,194,304X9-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) NOTES: 1, 2, 3 

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

RAS Prechange Time SO - SO - 60 - ns 

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

S tRAH Row Address Hold Time 10 10 10 ns 

6 tRAL Column Address to RAS Lead Time 30 3S 40 ns 

7 tRAD RAS to Column Address Delay Time lS 30 IS 3S lS 40 ns 9 

8 tAsc Column Address Set-up Time 0 0 0 ns 

9 tcAH Column Address Hold Time lS IS lS ns 

10 tRco RAS to CAS Delay 20 40 20 so 20 SS ns 8 

I I tRAC Access Time from RAS 60 70 80 ns 4,8,9 

I2 tAA Access Time from Column Address 30 3S 40 ns 4,9 

13 tcAc Access Time from CAS 20 20 2S ns 4,8 

I4 tcAs CAS Pulse Width 20 lOK 20 lOK 2S lOK ns 

IS tRSH RAS Hold Time 20 20 2S ns 

I6 tRcs Read Command Set-up Time 0 0 0 ns 

I7 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

I8 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

I9 tcRP CAS to RAS Precharge Time s s s ns 

20 ioFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns s 
2I twp Write Command Pulse Width IS IS IS ns 

22 tcp CAS Precharge Time 10 10 10 ns 

23 tAR Column Address Hold Time from RAS so SS 60 ns 

24 twcR Write Command Hold Time from RAS so SS 60 ns 

2S twcs Write Command Set-up Time 0 0 0 ns 

26 twCH Write Command Hold Time IS IS IS ns 

27 tos Data In Set-up Time 0 0 0 ns 7 

28 toH Data In Hold Time IS IS IS ns 7 
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-;- "" ::;::-
HYMS~A,L t·. ,, " :.::. .. ·::.: : ··:: ~ 

; . ; 

.#; Sm8oL ·~ 
;,· 

.70: 
~c 

80 ·L'NIT NOTE '>u•:K ,, 
·::.:::.: .· ;, .'· , -"-' 

'···_;_ ,_:::;_ ..::..•. JVllN,: . !yl~ . . MtN. · .·~x.,;. ··MIN. 1MAX. 
~· 

29 to HR Data-In Hold Time Referenced to RAS 50 - 55 - 60 - ns 

30 tcrA Access Time from CAS Precharge - 35 - 40 - 50 ns 4 

31 trc Fast Page Mode Read or Write Cycle Time 40 - 45 - 55 - ns 

32 tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

33 tcwL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

34 tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

35 tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 - ns 

36 tcHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 - 30 - ns 

37 h Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period - 128 - 128 - 128 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 65 200K 75 200K 85 200K ns 

40 tcP'f CAS Precharge Time(CBR Counter Test Cycle) 30 - 35 - 40 - ns 

41 tcLz CAS to Output Low Impedance 0 - 0 - 0 - ns 4 

42 tcstt CAS Hold Time 60 - 70 - 80 - ns 

43 twRP WE to RAS Precharge Time(CBR Cycle) IO - 10 - 10 - ns 

44 twRH WE to RAS Hold Time(CBR Cycle) 10 - 10 - 10 - ns 

NOTES: 
I. An initial pause of 200µs 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 tT=Sns. 
3. V1ttCmin.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vitt and VJL· 
4. Measured with a load equivalent to 2 TTL loads and IOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRcH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAS leading edge in early write cycles. 
8. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. IRco(max.) is specified as a reference point only : If tRCD is greater than the specified 

tRcoCmax.) limit, then access time is controlled by tcAC· 
9. Operation within the tRAo(max.) limit insures that IRAc(max.) can be met. tRAo(max.) is specified as a reference point only : If tRAD is greater than the specified 

IRAo(max.) limit, then access time is controlled by IAA· 

CAPACITANCE 
(TA=25 °C, Voo=SV± 10%, Vss=OV, unless otherwise noted.) 

SYMBOL 
; 

. PAAAM~TE~ .. ;np .. MAX . UN tr !· .. · '.:..c_·~;-.:_;~ '.'.__:.:_ ,. :..::.c .c::..; .."-

C1N Input Capacitance(A0-A10 , WE, CAS, RAS ) 55 pF 

CDQ 1/0 Capacitance(DQ0-DQ1) 15 pF 
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TIMING DIAGRAM 

READ CYCLE 

DO 

IASA(4) -

•---------IAR(23) --------t•I 
l'1·------------IRAS{1)-----t-----~•.,1 

---------tcsH<41?J·-------'---..., 

COLUMN 
ADDRESS 

--+----t•I 

IRCS{16) -!CAS(14)-

V1H- ................................... .,..."'""' .............. .,... .......... ___ -+ ________ -+-+ ________ ..,,_,_~IP+-.,..,..,..P""ll"'""ll"'""I ... 

V1L - _....,-....._.._._.._ ..... _..._. _ _.. ..... _,, 
-tCAC113)-

-tAA112)-

ICLZ(411JI+--

1----------IRAC(11)-------t-+Jr-l-+--------------..... ----llL 

VoH - ----+-------HIGH-z---------G/ 
VOL -

EARLY WRffE CYCLE 

Ao-~ 

V1H-

CAS V1L-

V1H-

WE Vil-

DO 
V1H-

V1L-

4-222 

1.------------------IRC(2)----------------I 

------------IRAS(1)----------•1.11 

---------kSH(42)----------~I 

1---------IAA(23J--------1 

IASR(4) - - IRAH(5)-

ROW ADDRESS COLUMN ADDRESS 

IRCD(10) 

IWCH(26) --

loHA(29) 



HYM594000AL 4,194,304X ~Bit CMOS DRAM MODULE 

FAST PAGE MODE READ CYCLE 

-------------IRASP(39) -------------•I 

V1H-

WE V1L- _..._.._.. ..... ...., 

DO 
VoH

VOL-

- ICAH(9) 

FAST PAGE MODE EARLY WRITE CYCLE 

CAS 
V1H-

V1L -

hs-Ae 
V1H-

V1L-

V1H- __ ...... .__ ... 

lcLZ{41) 

V1L - o...l'--'""""-'-""-1'"-~-+~...t"'"""""""'"""'""-'"""'""""' ..... +-~.....,-'-""'-'-'""""'"""-'-"'-"-"'~-+of~~"""llli""-"'-.... """"I .......................... ..... 

DO V1H-V1L ____ _ 
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HYM594000-AL 4,194,304X 9-Bit CMOS DRAM MODULE 

RAS-ONLY REFRESH CYCLE 

l4----------------IRc121---------------• 

1.----IRP131-

V1H - ---....i 1·-----------IRAS111----------1~1 ~--------i 
V1L-

DO 
VoH-

--------------------------------HIGH-z--------------------------------Vol-

CAS-BEFORE-RAS REFRESH CYCLE 

14--------IRASPI---------<~• 

-tRPCi34J-

lcPl22) lcSRi35) 
- -- ~lcHA(36)-

V1H-
WE 

V1L-

tw'~ VoH-
DO HIGH-Z 

Vol-
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HYM594000AL 4,194,304X9-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

DO 

V1H - ____ , 1--------lAAS11)------'~' 

V1L-

I~ -tACD(10)- -tASH(15)-

V1H-

lASC(BJ-

-tAAD(7)-

lAAH(5) 

lASA(4)- -

lAALJ6)-

-lRP(3J--i------I 1-------lAASi1J-----J 

l4-----lcHA(36J-

V1H - ..,....,...,....,...,+-~~~.,-tr--+---+---------.+-.... ~~~-.....ip...,...,....,....,......,....,....,... ................................... ~,.. 

V1L - ------'--...-'-""'-""'-' 

-tcAC(13) 

14-----+---- lAA(12) 

VoH - ---HIGH-Z-----......i 
Vm -

lCLZ(41) 

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

1------lAASi11 ____ _. -tAP(3)- 1-.-----lRAS(1)------I 

V1H------i 

V1L -

ICRP(19) - -tACDi10)- -IASH(15)-- l4-----lcHR(36)-

I '4-----lAA(24)..._,__ __ _., 

lASA(4) - - IAAH(5) 

DO 

V1H - __ ..,.., ..... ...,... .................... __ i..---------1 __ ..... ,...,._ ............... _ ..... ___________ _ 
v,L _'-'-'-"-l.-'-"'-1'-'-f-"'-'-~""""''l~---vA_L_1D_D_Ar._A ___ .Jf"_'-'-'--'-'-'-J...j'-'-"-"-"-l..l.-"-J..1...J..J"-L.1..1...J...1..1..1....'-'-.J..1.;..L..J...j~ 

l-------lDHA(29) -----1 
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HYM594000AL 4,194,304X 9--Bit CMOS DRAM MODULE 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H------.u 

lcSR(35) -
•--------------IRAS(1)------------I 

14------IRSH(15)-----•I 

1------tcAS<1•1-

!CAH(9) -VrH - .,..,-,..i,..,...,-,..,..,+,_,...,...,...,...,..,...,...,..,...,...,...,~,..._.~-C"!"O"!"L!""!U"!"M~N--"""'- l"l,..,...,...,..,....,...,..,....,...,..,..,...,.-,..1i~.,..,..,..,...,...,.,...,.~ 

Vil - """ ... -'-''-'-"'-"_.,.~J.-1.-'-'"""'*"'-'-'1.J.-'-"OJJ "l--.;.A,;;;;D;,;;;D;.:.R~E,;;;.SS;:;..._~·'<-i~.1..1.:.LL.l.._~~~F-!'-~•'-".J..J.',,.I..{,.. 

READ CYCLE 

DO VALID DATA 

twRP(43l twRH(44l 

--- IRRH(18) 

V1H- ~.,..,~---+1---+,o..,...,...,...,...,...,..,..,~r-----++-....;.---------+-1o---1---.............. __ 
VIL --

--IRCH(17)-

WRITE CYCLE 

ICWL(33) 

twRP(43l twRH(44l 
tRWL(32) 

V1H - ___ .... _____ ...... ____ _ 

V1L-

""""'l;--•os(211- -•0H12a1_{

17 
00 ~::=l//.@Ji!J/JIJ/1////ff4 VALID DATA f'll&/$/i@/§$1/ 

4-226 



HYM594000AL 4,194,304X 9-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM594000ALM 

UNIT: mm 

88.90±0.13 

82.14::: 0.13 
<j>3.17±0.05 

g 

--1 _i 
~ • 

-1 - .. 
5.08 MAX. 

TOLERANCE : + 0.13mm 

* DETAIL OF CONTACTS 

0.25MAXi no o 
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DESCRIPflON 

The HYM536100 is a lM words by 36 bits 
dynamic RAM module which mounted Fast 
Page mode CMOS DRAMs of eight HY514400J 
and four HY531000J both in 20/26 pin SOJ 
on a 72 pin glass-epoxy printed circuit board. 
Decoupling capacitors are mounted under all 
the DRAMs. 

The HYM536100 is optimized for applications 
required high density and large capacity 
memory. The HYM536100 can be used as 2M 
words by 18 bits dynamic DRAM module by 
using of connecting DQ0 ... DQ17 to DQ1s ... DQ3s 
respectively and selecting with RASo or RAS2• 

The HYM536100M is a socket type single-in
line module suitable for easy interchange and 
addition of 4M bytes memory with parity. 

PIN CONNECTIONS 

0 

0 

M561200A-JAN92 

FEATURES 
• Fast page mode operation 
• Fast access Time 

• Single power supply of 5V ± 10% 
• CAS-before-RAS, RAS-only, Hidden refresh 
• Low power operation 

5.83W max. (HYM536100M-70) 
5.17W max. (HYM536100M-80) 
4.5JW max. (HYM536100M-10) 

• TTL compatible inputs and outputs 
• 1024 refresh cycles/16ms 
• High reliability gold plated contact pads 

PIN NAMES 

Ao-Ag ADDRESS INPUT 

DOo·DQ35 DATA INPUT/OUTPUT 

AASo-RAS:! ROW ADDRESS STROBE 

CASo-CASa COLUMN ADDRESS STROBE 

WE WAITE ENABLE 

PD1-PD4 PRESENCE DETECT 

Voo POWER(+5V) 

Vss GROUND 
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HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

PIN DESCRIPTIONS 

# NAME 
vss 

2 OOo 

4 001 

7 0020 

10 Voo 

11 NC 

12 Ac 
13 A1 

15 Aa 
16 ~ 

17 As 
18 Aa 
19 NC 

22 DQ5 

24 006 

26 D01 

28 A1 
29 NC 
30 VDD 

31 Aa 
32 Ag 
33 NC 

34 RA~ 

35 0026 
36 .DQ8 

# NAME 
37 D011 

38 0035 

39 Vss 
- 40 CASo 

41 CA~ 

43 CAS1 
44 ~ 
45 NC 
46 NC 
47 WE" 
48 NC 
49 DOs 

51 D010 

53 D011 

57 0013 

59 Voo 

62 0033 

66 NC 

67 PD1 

71 NC 
12 Vss 

PRESENCE DETECT PINS 

PIN -70 -80 -10 

Vss Vss Vss 
Vss Vss Vss 
Vss NC Vss 
NC Vss Vss 

4-230 

BLOCK DIAGRAM 

~ 
~ 4M 
OE 

,AQ-Ag WE: 

~ 1M 
~ 

AQ-Ag WE: 

....,v'=o!<..o ___ oao 
t-lf=0-'--1 --- 001 
l-:lf=0!:.-2 --- 002 

V03 
!---"------ 003 

VOo 
...,v=o10---- oo4 
1-:v=-02-'---- 005 
...,v=o3=---- oos 
I--"---- 007 

1--cll=Oo"----- OOg 
lf01 

t-v-o-'--2 --- oo10 
t-v=0=-

3 
--- 0011 

1---=----- 0012 

VOo 
r11=0-=-1 --- oo13 
1--cv-o"--2 --- 0014 
l--cv=o=-3 --- oo15 
l--"'-----001s 

l/Oo 
t-lf~0-1 --- 001a 
t-v=o-'--2 --- oo19 
t-1/~0=-3 --- 0020 
!---"'-------- 0021 

rV=Oo-=---- 0022 
t-V_0..:...1 --- 0023 

1102 
l--c1=10=-3 --- 0024 
I--"'----- 0025 

1100 
t-11=0-1 --- 0031 
J-,11=0-'--2 --- 0032 
1--=----- 0033 
1-1_10,,_3 --- 0034 

1 M : HY531000J 
4M : HY514400J 



HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

TA Ambient Temperature 

TsTG Storage Temperature(Plastic) 

V1N, Your Voltage on Any Pin Relative to Vss 

Yoo Voltage on V oo Relative to V ss 

las Short Circuit Output Current 

PT Power Dissipation 

NOTE : Operation at or above Absolute '.\1aximum Ratings can adversely affect device reliability. 

RECOMMENDED DC OPERATING CONDffiONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. 

Yoo Supply Voltage 4.5 

V1H Input High Voltage 2.4 

V1L Input Low Voltage -1.0 

NOTE: All voltages are reference to Vss· 

DC CHARACTERISTICS 

TVP. 

5.0 

-

-

(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

SYMBOL PARAMETER TEST CONDIDONS SPEED 

I Iu I Input Leakage Current(Any Input Pins) Vss~V1N~Voo 

I Iw I Output Leakage Current for Vss~Vour~_Yoo, 

High Impedance State RAS & CAS at V1H 

1001 Yoo Supply Current, -70 

Operating tRc = tRc(min.) -80 

-IO 

1002 V oo Supply Current, RAS & CAS at V1H, 

TTL Standby Other inputs::=::.Vss 

1003 Yoo Supply Current, -70 

RAS-only Refresh tRc = tRc(min.) -80 

-10 

1004 Yoo Supply Current, Minimum Cycle -70 

Fast Page mode trc=trcCmin.) -80 

-IO 

Ioos Yoo Supply Current, RAS~Voo-0.2V, 

CMOS Standby CAS ?.Yoo- 0.2V 

other inputs~:.Yss 

1006 V oo Supply Current, -70 

CAS-before-RAS Refresh tRc=tRc(min.) -80 

-IO 
1--

VoL Output Low Voltage loL=4.2mA 

VoH Output High Voltage loH=-5mA 

NOTE: 

RATING 

0 to 70 

-55 to 150 

-1.0 to 7.0 

-1.0 to 7.0 

50 

7.2 

MAX. 

5.5 

Voo+l 

0.8 

MIN. MAX. 
- 120 

- IO 

- 1060 

- 940 

- 820 

- 24 

- 1060 

- 940 

- 820 

- 860 

- 740 

- 620 

- 12 

- 1060 

- 940 

- 820 

- 0.4 

2.4 -

I. loo is dependent on output loading when the device output is selected. Specified IooCmax.) is measured with the output open. 

UNIT 
oC 

't: 

v 
v 

mA 

w 

UNIT 

v 
v 
v 

UNIT NOTE 

µA 

µA 

mA 1 

mA 

mA 

mA 1 

mA 

mA 

v 
v 
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HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

AC CHARACTERISTICS 
(TA=0°C to 70°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) NOTES : 1, 2, 3 

... I 

~i 
.... ' ..L · • · : 1• J;l\'.M~.iool\i ~ '··' · ' : · . 

~_::fl:'·_.:: <:8() ~ i:' 1 ' , .. 10 .···· I~. NQlt1 

2 ..2 •·•• ·~i ~t~~.·~,r'·MJ;N• MAx.~:f. .,, ... • 
RAS Pulse Width 70 lOK 80 lOK 100 lOK ns 

2 tRc Random Read or Write Cycle Time 130 lSO 180 ns 

3 tRP RAS Precharge Time so 60 70 ns 

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

S tRAH Row Address Hold Time 10 lS ns 

6 tRAL Column Address to RAS Lead Time 3S 40 so ns 

7 tRAD RAS to Column Address Delay Time lS 3S lS 40 20 so ns 9 

Column Address Set-up Time 0 0 0 ns 

9 1:cAH Column Address Hold Time lS lS 20 ns 

10 tRCD RAS to CAS Delay 20 so 20 SS 2S 7S ns 8 

11 tRAC Access Time From RAS 70 80 100 ns 4, 8, 9 

Access Time From Column Address 3S 40 so ns 4, 9 

13 1:cAC Access Time From CAS 20 2S 2S ns 4,8 

14 1:cAS CAS Pulse Width 20 lOK 2S IOK 2S lOK ns 

RAS Hold Time 20 2S 2S ns 

16 tRcs Read Command Set-up Time 0 0 0 ns 

17 tRCH Read Command Hold Time Referenced to CAS 0 0 0 ns 6 

18 tRRH Read Command Hold Time Referenced to RAS 0 0 0 ns 6 

19 tcRP CAS to RAS Precharge Time s s 10 ns 

20 toFF Output Buffer Turn Off Delay 0 20 0 20 0 20 ns 5 

21 tWP Write Command Pulse Width lS lS 20 ns 

22 tcP CAS Precharge Time 10 10 10 ns 

Column Address Hold Time From RAS SS 60 80 ns 

24 twrn Write Command Hold Time From RAS SS 60 80 ns 

2S twcs Write Command Set-up Time 0 0 0 ns 

26 twrn Write Command Hold Time lS lS 20 ns 

27 tos Data-In Set-up Time 0 0 0 ns 7 

28 toH Data-In Hold Time lS lS 20 ns 7 
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HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

29 to HR Data-In Hold Time Reference to RAS 55 60 80 ns 

30 tcPA Access Time From CAS Precharge 45 45 55 ns 4 

31 tpc Fast Page Mode Read or Write Cycle time 50 50 60 ns 

32 tRWL Write Command to RAS Lead Time 20 25 25 ns 

33 tcWL Write Command to CAS Lead Time 20 25 25 ns 

34 tRPC RAS to CAS Precharge Time 0 0 0 ns 

35 tcsR CAS Set-up Time(CAS Before RAS Cycle) 10 10 10 ns 

36 tcHR CAS· Hold Time(CAS Before RAS Cycle) 30 30 30 ns-

37 h Transition Time(Rise and Fall) 3 50 3 50 3 50 ns 3 

38 tREF Refresh Period 16 16 16 ms 

39 tRASP RAS Pulse Width(Fast Page Mode) 70 lOOK 80 lOOK 100 lOOK ns 

40 tcPT CAS Precharge Time(CBR Counter Test Cycle) 40 40 50 ns 

41 tcLZ CAS to Output Low Impedance 0 0 0 ns 

42 tcsH CAS Hold Time 70 80 100 ns 

43 twRP WE to RAS Precharge Time(CBR Cycle) 10 10 10 ns 

44 twRH WE to RAS Hold Time( CBR Cycle) 10 10 10 ns 

NOTES: 
I. An initial pause of 200µs is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using intermal refresh counter, 

a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 
2. AC measurements assume tT=Sns. 
3. Vm(min.) and V1L(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vrn and Viv 
4. Measured with a load equivalent to 2 TTL loads and IOOpF. 
5. toFF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
6. Either tRCH or tRRH must be satisfied for a read cycle. 
7. These parameters are referenced to CAs leading edge in early write cycles. 
8. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is specified as a reference point only : If tRCD is greater than the specified 

tRco(max.) limit, then access time is c~~t~lled by tcAC· 
9. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is specified as a reference point only : lftRAo is greater than the specified 

tRAo(max.) limit, then access time is controlled by tAA· 

CAPACITANCE 
(TA=25°C, Voo=SV± 10%, Vss=OV, unless otheiwise noted.) 

C1Nt Input Capacitance(Ao-A9) ss-- pF 

C1N2 Input Capacitance(WE) 104 pF 

C1N3 Input Capacitance(RAS0-RAS2) 57 pF 

C1N4 Input Capacitance( CASo-CAS3) 36 pF 

CDQt 1/0 Capacitance(DQ0-1, 9-16. 1s-25, 21.34) 17 pF 

CDQ2 - -::J/() Capacitance(DQs, 11, 26. 35) 22 pF 
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HYM536100 1,04~,576X 36-Bit CMOS DRAM MODULE 

TIMING DIAGRAM 
READ CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOO- VOH -
D035 VOL _------- HIGH-Z 

EARLY WRITE CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOO- VIH 

D035 VIL 
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IRAD(7) 

IRC(2) 

IRAS(1) 

tRCD(10) 

ICAS(14) 

ICLZ(41)_ 

IRAC(11) 

tCAH(9) 

tCAC(13) 

IRC(2) 

IRAS(1) 

tRCD(10) 

tCSH(42) 

tRAL(6) 

IRSH(15) 

ICAS(14) 

IAR(23) 

tRAL(6) 

tWCR(24) 

IRWL(32) 

IC::WL(33) 

IWCH(26) 

tWP(21) 

VALID DATA 

tDS(27) IDH(28) 

tDHR(29) 

IRP(3) 

ICRP(19) 

IOFF(20) ol 

VALID DATA 

IRP(3) 

tCRP(19) 



FAST PAGE MODE READ CYCLE 

AO-A9 

DQ0-
0035 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

IRASP(39) tRP(3) 

FAST PAGE MODE EARLY WRITE CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQO- VIH 

0035 VIL 

tRASP(39) 
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'RAS-ONLY REFRESH CYCLE 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

tCRP(19) 

tRC(2) 

IRAS(1) 

IRAH(5) 

ROW 

tRP(3) 

DOO- VOH ------------------- HIGH-Z ------------------
0035 VOL -

NOTE : ~ = DON'T CARE 

CAS-BEFORE-RAS REFRESH CYCLE 

~ 

000-
0035 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 
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HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

HIDDEN REFRESH CYCLE (READ) 

VIH 

VIL 

IRC(2) 

tRAS(1) 

tRCD(tO) IRSH(15) 

AO-A9 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQO- VOH --------
DQ35 VOL -

HIGH-Z 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
11.iIB 

VIL 

tAR(23) 

tRAL(6) 

ICAH(9) 

IAA(12) 

ICAC(13) 

tCLZ(41 

tRAC(11) 

tRC(2) 

tRAS(1) 

IWCR(24) 

tRCD(IO) tRSH(15) 

VIH 
~ 

VIL 
tAR(23) 

tRAD(7) IRAL(6) 

ICAH(9) 

VIH 
AO-A9 

VIL 

tRWL(32) 

tWCS(25) 

VIH tWP(21) 
~ 

VIL 

tDHR(29) 

tDS(27) tDH(28) 

DQO- VIH 

D035 VIL 
VALID DATA 

tRP(3) IRAS(1) 

VALID DATA 

tRP(3) tRAS(1) 

tCHR(36) 
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'CAS"-BEFORE-'RAS REFRESH COUNTER TEST CYCLE 

AO-AS 

VIH 

Vil 

VIH 

Vil 

VIH 

VIL 

READ CYCLE 

DOO
D035 

VIH 

VIL 

VOH-

VOL -

IRAS(l) 

tCHR(36) 

IASC(S) tCAH(9) 

COLUMN 

IAA(12) 

tRSH(15) 

t0FF(20) 

VALID DATA 

tCWL(33) 

WRITE CYCLE 

VIH 

Vil 

DOO- VIH 

D035 VIL 
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HYM536100 1,048,576X36-Bit CMOS DRAM MODULE 

PACKAGE INFORMATION 

HYM536100M 

UNIT: INCH(mm) 
TOLERANCE : + /-0.005(0.13) 

4.250 107.95 1.000 25.40 

~f-------------3._es_4_10_1_.1_e -----------+---+---;-+ o.370C9.40lMAXI, 

DDDDDDD 

DETAIL A 
70 ns 80 ns 100ns 

PD3 PD4 PD3 PD4 PD3 PD4 

f:l CJ CJ r::J .••..•.•. •.•.•.··.•···· r::J.•.•.·.••.•.··.•.•.·.•.··. r::l.· .•. ··.•.·.·····.•.··.·.•.•.•.•. t:l D D t::l t::l t::l 

B 

DETAIL B 

0.010MAX. AAAAA]0.100MIN. 

~ LJ LJ LJ LJ LJ (2.54) 

T ~ 1--1--0.041 +1-0.004 
0.050(1.27) (1.04+/-0.10) 
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DESCRIPI10N 

The HY6116A is a high speed, low power, 
2,048 words by 8-bit CMOS static RAM fabri-
cated using high performance CMOS process 
technology. This high reliability process cou
pled with innovative circuit design techniques, 
yields maximum access time of 8Sns. 

The HY6116A has a data retention mode that 
guarantees data to remain valid at a minimum 
power supply voltage of 2.0 volt 

Using CMOS technology, supply voltages 
from 2.0 to S.S volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessacy with the HY6116A family. 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Maximum Standby Current (µA) 

BWCK DIAGRAM 

A4 0 

• 
• 
• 

• 
ROW • 

DECODER e 

128x128 
MEMORY ARRAY 

••••••• 
COLUMN 1/0 

COLUMN DECODER 

+--<>Vee 
~GND 

85 

60 

50 

5 

M211201 A-MAY92 

FEATURES 

•High speed-85/100/120/150ns (max.) 
• Low power consumption 

- 150 mW typical operating 
- 0.5 µW typical standby CL-version) 

• Battery backup CL-version) 
- 2 volt data retention 

• Fully static operation 
- No clock or refresh required 

• All inputs and outputs directly 1TL compatible 
• Tri-state output 
• High reliability 24 pin 600 mil P-DIP 

100 120 150 

60 60 60 

50 50 50 

5 5 5 

PIN CONNECTIONS 

A1 Vee 
As· 2 As 

As 3 As 

~ WE 

A3 OE 

A2 A10 

A1 7 cs 
Ao 8 1/07 

l/Oo l/Oe 

1/01 1/05 

1102 1/04 

GND 1/03 

DIP 

PIN NAMES 

AQ-A10 ADDRESS INPUT 

1/0o-1/07 DATA INPUT /OUTPUT 

cs CHIP SELECT 

WE WRITE ENABLE 

5E OUTPUT ENABLE 

Vee POWER 

GND GROUND 

5-1 
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HY6116A 2,048X8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGSco 
. , 

S\'.MBOL~ 
.··· ·.·· P~ETER' • ' ·, ·,. 

lt\TING. UNrt 
~ ,' .::::..: _;. ' I 

Von. V1N. V)/o Power Supply, Input, Input/Output Voltage -o.5C2l to 1.0 v 
TsIAs Temperature Under Bias -10 to 125 oc 

TsTG Storage Temperature - 55 to 150 oc 

Po Power Dissipation 1.0 w 
lo UT Data Output Current 50 mA 

NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RA TINGS may c.ause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. . 

2. - 3.SV for 20 ns pulse. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

Vee Supply Voltage 

Vm Input High Voltage 

V1L Input Low Voltage 

NOTE: 
I. - 3.SV for 20ns pulse. 

TRUTH TABLE 

J\.fODE cs •• 
~ 

Standby H 

Output Disabled L 

Read L 

Write L 

NOTE: 
I. X: Hor L 

DC CHARACTERISTICS 
(Vee=SV± 10%, TA=0°C to 70°C) 

,.,. 
. 

&YMBOL PA,RAM,ETER 
.....:.. '..;;..·.". 

I Iu I Input Leakage Current 

I Iw I Output Leakage Current 

Ice Operating Power Supply Current 

Isa Standby Power Supply Current 

Issi Standby Power Supply Current 

VoL Output Low Voltage 

VoL Output High Voltage 

NOTE: 

' 

1. Typical values are al Vee=SV, TA=25°C and specified loading 

5-2 

MIN. " i m. 
4.5 5.0 

2.2 3.5 

-o.5co 0 

WE OE 

x x 
H H 

H L 

L x 

c 

TEST·.coNDmONS 

V1N=GND to Vee 

CS=Vm or OE=Vrn, 
VJ/o=GND to Vee 

CS=V1L Duty Cycle=100% 

CS=Vm 

CS~ Vee-0.2, 1 V1N=GND to Vee L 

loL=4.0mA 

Ion=-1.0mA 

• ' MAX .. · ' tiNtt .. ·. ,•· ' 
.. C:. " 

5.5 v 
6.0 v 
0.8 v 

1/0 .OPERATlQN 2 

High-Z 

High-Z 

Do UT 

DIN 

HYoU6A c 

Ji MJN.:. m.m MAX: 
UNtt 

- - 2 µA 

- - 2 µA 

- 30 60 mA 

- 0.5 3 mA 

- 4 50 µA 

- 0.1 5 µA 

- - 0.4 v 
2.4 - - v 



AC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

READ CYCLE 

Address Access Time 

Chip Select Access Time 

tciz Chip Select to Output in l.ow-Z 10 

Output Enable to Output Valid 

toiz Output Enable to Output in I..ow-Z 10 

tcHZ Chip Deselect to Output in High-Z 0 

Output Disable to Output in High-zj 0 

Output Hold from Address Change 10 

WRITE CYCLE 

SS 

8S 

4S 

40 

40 

HY6116A 2,048X 8-Bit CMOS SRAM 

100 120 lSO ns 

100 120 lSO ns 

10 10 10 ns 

so SS 60 ns 

10 10 10 ns 

0 40 0 40 0 so ns 

0 40 0 40 0 so ns 

10 10 lS ns 

• -7 .T ,i 

L HY6U6A~ss. . .. H¥6116A·l0 . 
7 ,. .· ~ -cc -c ' 

s~t PARMttn:.R-
.· H\'.6ll6A~l2; I HY:6l l6A.,.15 

_:::.. _.::_ ·..;:;: 

twc Write Cycle Time 

tcw Chip Select to End of Write 

tAw Address Valid to End of Write 

tAS Address Set-up Time 

twp Wirte Pulse Width 

twR Write Recovery Time 

to Hz Output Disable to Output in High-~ 

twHZ Wirte to Output in High-Z 

tow Data to Write Time Overlap 

toH Data Hold from Write Time 

tow Output Active from End of Write 

AC TEST CONDIDONS 
(TA=0°C to 70°C) 

Input Pulse Level 0.8V to 2.4V 

Input Rise and Fall Time 

Input and Output Timing 
Reference Level 

CAPACITANCE(l) 
(TA=25°C,f=l.O MHz) 

...::.: SYMBOL· 

Sns 

1.SV 

Input Capacitance 

Cuo Input/Output Capacitance 

NOTE: 
I. This parameter is sampled and not 100"~ tested. 

MIN. ~ .. · 

8S -

60 -

70 -

0 -

SS -

0 -

0 40 

0 30 

30 -

0 -

10 -

, .... ' 

l\11N. l\llAX •. MIN: ~· MIN; 

100 - 120 - lSO 

6S - 70 - 90 

80 - lOS - 120 

0 - 0 - 0 

60 - 70 - 80 

0 - 0 - 0 

0 40 0 40 0 

0 30 0 35 0 

30 - 3S - 40 

0 - 0 - 0 

10 - 10 - 10 

OUTPUT LOAD 

+5V 

NOTE: 
1. Including scope and the jig . 

C.ONDI'flONS M}\X. 
...,,.. 1,;. 

.'"' '·· ..;,._ 

VIN=OV 6 

Vu0 =0V 8 

MAX. ~-

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

so ns 

40 ns 

- ns 

- ns 

- ns 

1.8KO 

(I) 
CL =100pF 

'.f~ .7 
..L 

pF 

pF 
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HY6116A 2,048 X 8-Bit CMOS SRAM 

TIMING DIAGRAMS 

READ CYCLE 1<1) 

•------------IRc------------1 

Ao-A10 
V1H 

V1L 

V1H 
OE 

V1L 

cs V1H 

V1L 

-toe-

-toLZ(S)-+ 

·-----IAcs-----t--•I 
•-----tcLZ(5) -----t~I 

VoH- «-"'-!,---------------". Dour 
VoL-

-------HIGH-z---------l 

READ CYCLE i<1
•
2
•
4
) 

i Ao-A10 
V1H 

V1L 

IAA 

ioH 

Dour 
VoH-

VoL-

READ CYCELE 3u. 3, 4> 

Dour 

V1H 1 V1L 

VoH - ~k~.,'.:_~ 
------HIGH-Z 

VoL-

NOTES: 
I. WE is high for Read Cycle. 
2. Device is continuously selected CS= VIL 
3. ·Addresses are valid prior to or coincident with CS transition low. 
4. OE=V1L 

VALID DATA OUT 

IRC 

f_,,,)@ 
VALID DATA OUT 

VALID DATA OUT 

5. Transition is measured ± 500mV from steady state. This parameter is sampled and not 100% tested. 
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HY6116A 2,048X 8-Bit CMOS SRAM 

WRITE CYCLE 1m 

Ao-A10 
V1H 

V1L 

6E 
V1H 

V1L 

cs V1H 

V1L 

V1H 

WE 
V1L 

VoH ~,r·" .) ) ~ 
DouT 

VOL 
) ) ) ) ) ) ) ) ) 

V1H 

D1N 
V1L 

HIGH-Z 

•--------twp(2l _______ , 

..,_.,_..,_,._~~~_,._.,.....,..,. ________________ HIGH-Z-----------+----------------------

<l ~----izz 

WRITE CYCLE 20. 6> 

Ao-A10 
V1H 

V1L 

•----------------twc-------------_.1 • cs V1H 

V1L 

V1H 
WE 

V1L 

~~~~~~lllll t~'' DouT VoH
1
-

VoL -
)) 

V1H 

K D1N 
V1L 

HIGH-Z 
tow----------l-1--!~1 

NOTES: 
I. WE must be high during all address transitions. 
2. A write occurs during the overlap (twp) of a low CS and a low WE. 
3. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
4. During this period, 110 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance state. 
6. OE is continuously low (0E=V1L). 
7. DouT is the same phase of write data of this write cycle. 
8. DouT is the read data of next address. 
9. If CS is low during this period, 110 pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 

10. Transition is measured ± 500mV from steady state. 
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HY6116A 2,048 X 8-lJit CMOS SRAM 

DATA RETENTION CHARACTERISTICSco 
(TA=0°C to 70°C) 

VoR Data Retention Supply Voltage VIN=O to Vee, CS ~ Vee-0.2V 

IeeDR Data Retention Supply Current 
Vee=3V, VIN=O to Vee, 

CS ~ Vee-0.2V 

tcnR Chip Deselect to Data Retention Time 
See DaJa Retention Tuning Diagram 

tR Operation Recovery Time 

NOTES: 
1. These characteristics are guaranteed for L-version. 
2.·TA=25"c 
3. iRe=Read Cycle Time 

DATA RETENTION TIMING DIAGRAM 

DATA RETENTION MODE 

Vee ---------, 
4.5V 

CS~ Vee -0.2V 

cs-----

:·,~~ 

2.0 v 

0.05 2.0 µA 

0 ns 

tRe(J) ns 

GND - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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HY6116A 2,048X 8-Bit CMOS SRAM 

PACKA&E INFORMATION 

• 24 PIN PIASTIC DUAL IN LINE PACKAGE - 600 MIL 

1.265(32.131) 
·------1.245(31.623) ______ , 

0.090(2.286)_ 0.062( 1.575) 0.021 (0.533) 
0.070(1.778) - 0.050(1.270)- -0.015(0.381)- -

0.100 8SC ~ 
(2.540) 

UNIT : INCH(mm) MAX_ 
MIN 

II 0.014(0.356) 
- - o.oosco.200) 
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DESCRIPTION 
The HY6264 is a high speed, low power 

8,192 words by 8-bit CMOS static RAM fabrica
ted using high performance CMOS process 
technology. This high reliability process coupled 
with innovative circuit design techniques, 
yields maximum access time of 70ns. 

The HY6264 has a data retention mode that 
guarantees data to remain valid at a mini
mum power supply voltage of 2.0 volt 

Using CMOS technology, supply voltages 
from 2.0 to S.S volts have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY6264 family . 

. -

JIY6264-70 
Maximum Access Time (ns) 70 

Maximum Operating Current (mA) 70 

Maximum Standby CuITent (mA) l L 
2 

0.1 

BWCK DIAGRAM 

A. 

As 
256X256 

MEMORY ARRAY 

A11 

A,2 

• • • • 
l/Oo 

COLUMN 1/0 

COLUMN DECODER 

M221201 B-MAY92 

FEATURES 
•High speed-70/85/100/120/lSOns (max.) 

• Low power consumption 

~ 200 mW typical operating 

-10 µW typical standby CL-version) 

• Battery ha.ck up CL-version) 

- 2 volt data retention 

• Fully static operation 

- No clock or refresh required 

• All inputs and outputs directly TfL compatible 

• Tri-state output 

•High reliability 28-pin 600 mil P-DIP and 330 mil 

SOP 

HY6264-85 HY6264-l0 _:_ HY6264-12 HY6264-15 

85 100 120 150 

70 70 70 70 

2 2 2 2 

0.1 0.1 0.1 0.1 

PIN CONNECTIONS 

NC 1 28 Vee 

A12 2 27 WE 
--<>Vee A1 3 26 CS2 

--OGND As 4 25 As 

A5 5 24 Ag NC 28 Vee 
A12 27 es2 

~ 6 23 All A1 26 A13 
A3 22 l5E As 25 As 
A2 21 Aio 

As 24 Ag 
~ 23 Ai1 

Ai 9 20 es, A3 22 5E 
Ao 10 19 1107 

A2 21 Aio 
Ai 20 es, 

18 1105 Ao 19 1107 
110, 12 17 llOs 1/0o 18 1105 
1102 13 16 1104 :~g; 17 1/05 

GND 14 16 1104 
15 1103 GND 15 1103 

DIP SOP 

PIN NAMES 
Ao·A12 ADDRESS INPUT 

l/Oo·l/07 DATA INPUT/OUTPUT 

cs, CHIP SELECT ONE 

CS2 CHIP SELECT TWO 

WE WRITE ENABLE 

CONTROL 
CIRCUIT 1-------------------' 

OE OUTPUT ENABLE 

Vee POWER 

GND GROUND 
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HY6264 8,192 X 8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGSco 

Von, V1N, V1;0 

TatAS 

TsTG 

Po 

lo UT 

NOTES: 

Power Supply, Input, Input/Output Voltage 

Temperature Under Bias 

Storage Temperature 

Power Dissipation 

Data Output Current 

-o.5C2) to 1.0 v 
-10 to 125 

-65 to 150 

1.0 w 
so mA 

I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. - 3.SV for 20ns pulse. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

; 

SYMBOL ;'PARAM1t'Q:J!, ,,, MJNt J·'I 
".' 

TYP. 

Vee Supply Voltage 4.5 5.0 

V1H Input High Voltage 2.2 3.5 

V1L Input Low Voltage -0.5 0 

TRUTH TABLE 

" 

MODFY ,·.,, .:~-c- C$( ;,, •.cSi·,, b OE <;. UO OP~RA'fl:ON . ) t 

Not Selected x H x x High-Z 
(Power Down) x x L x High-Z 

Output Disabled H L H H High-Z 

Read H L H L DouT 

L L 
Write 

H H D1N 

L L H L D1N 

5-10 

'., 
.!.:.: 

··:~· . ' r>2_ ';;JJNI'F~ 
5.5 v 
6.0 v 
0.8 v 

:V dt ~URREN{ _:2E_ 
.,N<;);m} 

Isa, lsa1 

Isa, Isa2 

Ice, Icc1 

Ice, lcc1 

Ice, Icc1 Write Cycle 1 

Ice, lcc1 Write Cycle 2 
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HY6264 8,192 X 8-Bit CMOS SRAM 

DC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°CI 

·· .. 
mmot ''pARXMEJEk. 

t _::.; 

I Iu I Input Leakage Current 

c 

~~oNI>moNs .. 

MIN. 

V1N=GNDtoVcc -

IIwl Output Leakage Current CS1 =Vm, CS2=V1L or OE=Vm, -
Vuo=GND to Vee 

-Operating Power Supply 
Ice Current CS1 =VtL• CS2=Vm, l11o=OmA 

Icct Average Operating Current Min. Duty Cycle= 100"/o, 
CS1=V1L, CS2=Vm 

lse CS1 =Vm or CS2=V1L 

Standby Power Supply CS1~Vcc-0.2V, 
lsefC2) 

Current CS2_S 0.2V or .L Vcc-0.2V 

lse2C2) 
CS1.So.2v or ~Vcc-0.2V. 

CS2.So.2v 

VoL Output Low Voltage loL=2.lmA 

VoH Output High Voltage loH=-1.0mA 

NOTES: 
I. Typical limits are at Vcc=S.OV, TA=25°C and specified loading 
2. V1L min= -0.SV 

AC CHARACTERISTICS 
(Vcc=SV± 10%, TA= 0°C to 70°C) 
READ CYCLE 

SYMBOl; PARAMETER 
H¥6264-7D·· 

MIN. MAX.· 

tRc Read Cycle Time 70 -

tAA Address Access Time - 10 

tACSI 1 CS1 - 70 
Chip Select Access Time l CS2 - 70 tACS2 

toE Output Enable to Output Valid - 45 

tcLZt l CS1 10 -
Chip Select to Output in Low-Z l 

10 tcLZ2 CS2 -

toLZ Output Enable to Output in Low-Z 5 -

tcHZI I cs. 0 30 
Chip Deselect to Output in High-ZJ 

30 tcHZ2 CS2 0 

to Hz Output Disable to Output in High-Z 0 30 

toH Output Hold from Address Change 10 -

1ff6~ 
MIN. l\1AX. 

85 -

- 85 

- 85 

- 85 

- 50 

10 -

10 -

5 -

0 35 

0 35 

0 35 

10 -

-

-
-

-

L -

-

L -

-

2.4 

HY6264-10 

MIN.· ~-
100 -

- 100 

- 100 

- 100 

- 55 

10 -

10 -

5 -

0 35 

0 35 

0 35 

10 -

HY6264 

1YJ>.<O 
'lJNff 

MAX. 

- 2 µA 

- 2 µA 

30 50 mA 

40 70 mA 

1 3 mA 

20 2000 
µA 

2 100 

20 2000 
µA 

2 100 

- 0.4 v 

- - v 

. HY6264-12 HY6264-15 
' 

UNIT 
MIN. MAX. MJN; MAX. 

120 - 150 - ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 60 - 70 ns 

10 - 15 - ns 

10 - 15 - ns 

5 - 5 - ns 

0 40 0 50 ns 

0 40 0 50 ns 

0 40 ·O 50 ns 

10 - 15 - ns 
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HY6264 8,192X 8-Bit CMOS SRAM 

WRITE CYCLE 

sOOoL PAIAMETU· 

twc Write Cycle Time 

tcw Chip Select to End of Write 

tAS Address Setup Time 

tAw Address Valid to End of Write 

twp Write Pulse Width 

twRI Tcs.,wE 
Write Recovery Time l CS2 twR2 

twttz Write to Output in High-Z 

tow Data to Write Time Overlap 

toH Data Hold from Write Time 

tottz Output Enable to Output in High-Z 

tow Output Active from End of Write 

AC TEST CONDITIONS 
(TA=0°C to 70°C) 

Jiv~10·· 

MIN. ·~~·· 
70 

SS 

0 

60 

so 
s 
s 
0 30 

30 

0 

0 30 

s 

fn:6~ 
~· ·Mr\X 

8S 

60 

0 

70 

SS 

s 
10 

0 3S 

3S 

0 

0 3S 

s 

I H¥6264-10 ... ·i.w~li tw6264-J5 
MIN~ ~· MIN. lVlAX· MiN, ~; 

100 120 lSO 

70 8S 100 

0 0 0 

80 8S 100 

60 70 90 

s 10 10 

10 lS lS 

0 3S 0 40 0 so 
40 so 60 

0 0 0 

0 3S 0 40 0 so 
s s 10 

OUTPUT LOAD 

.___, +5V 
Input Palse Level 

Input Rise and Fall Time 

Input and Output Timing 
Reference Level 

CAPACITANCEco 
(TA=25°C, f= 1.0MHz) 

0.8V to 2.4V 

Sns 

I.SY 

sYMBOL ....•. PARAMETER 
CrN Input Capacitance 

L C110 
Input/Output 
Capacitance 

NOTE: 
I. This parameter is sampled and not IOO% tested. 

TIMING DIAGRAMS 
READ CYCLE l C1.z.4l 

NOTE: 
I. Including scope and the jig 

·CONDtnONS MAX. 

VrN=OV 6 

.V11o=OV 8 

~----------!Re-----------< 

Ao·A1'2 
V1H-

v,L-

UNIT 

pF 

pF 

~ 
Dour 

VoH-

Vol-

----=----=-=----=-=----=-tO-H.::::-tA_A=::-=---=-.::~-. -1 _________ _ M VALID DATA OUT 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HY6264 8,192X 8-Bit CMOS SRAM 

READ CYCLE t 1.3·4•
6

) 

cs, V1H

V!l- ~=--==--tACs1===---f-~~"'-1:.__ ___ tCLZ1lSl----

Dour 
VoH-

Vol-
------HIGH-z----c VALID DATA OUT 

READ CYCLE 3Ct,4,7) 

CS2 
V1H-

Vil-

1_tACS2-

~-----tCLZ2(S} 
,...-.1,...-----------------------~ VoH - -------HIGH-Z.-----c VALID DATA OUT Dour 

Vol- l"'.lli..11'----------------------------------.J 

READ CYCLE 4ct,i) 

CS2 

Dour 

NOTES: 

V1H

V1L -

V1H

V1L-

V1H-

Vil-

VoH-

Vol-

I. WE is high for read cycle. 

l--------tACs1·-------f----.I 

IACS 

tCLZ2·(S) 

HIGH·Z 

2. Device Is continuously selected CSt =V1L and CS2=Vrn. 
3. Addresses are valid prior to or coincident with CS1 transition low. 
4. OE=VJL· 
5. Transition is measured ± SOOmV from steady state. This parameter is sampled and not 100% tested. 
6. CS2 is high. 
7. CS1 is low. 

-tCHZ2(.S) 

VALID DATA OUT 
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HY6264 8,192 X 8-Bit CMOS SRAM 

WRITE CYCLE 1<1) 

CS'1 

Dour 

5-14 

V1H-

V1L -------1----------------------11-------

V1H-

V1L-

tcwi(11) 

V1H-

V1L-

V1H-.,.,._,.~""P""!,...,..,..,..""""._,...,..,""P""!l""'P'"P""r".,..,..,., ________________ -+l""'r"'"'"'"""t"""f ...... ~"l"'T'~""T""l-r-_..-. 
V1L - ..._.....,.....,_..._...._...._.....,.....,_..._. __ ""'6.# 

V1H

V1L-

-~ .. ~1 
~~~= ))))))))))))))))) 

~----tWP(2)----•I 

HIGH·Z-------.,_ ____________ _ 

~·~ -·~-i 
~1: = ------------- HIGH·z----------c~ VAID DATA IN ~""x""'x-xxx""'.--



HY6264 8,192X8-Bit CMOS SRAM-

WRITE CYCLE 2c•.1>) 

V1H-

V1L -~~~-'''----------------------------------------------------'!"'----------------------~ 
1------lcw1111),-------1 

V1H-

CS1 V1L- ..._~ ... ~~llli..ll.._"-li..lo."-11..lo."-li_.~i+ao--------------------------....---""-I"+'-"'"""""'.._."""".._.""""..._."""'._"""'.._."""' 

V1H-

CS2 V1L - _...,.._. .... .._....,. .......... --..----1 
•------------~IAw-----------.1 

•------IWP(2)----..-1 

V1H ---------.... ~--._.,......,,...~,.......,_....,.1 1----+------------------------
V1L -

-IOH-

Do UT 

-·~ ~ ~-'""'"" 
~~:->>) ))) ) )))))) )) )))) )) ) ) ) ) 

-tow110)-

-tow- -toH(9)-

NOTES: 

V IH -------------------- HIGH·Z ------------------"'I V1L-

I. WE must be high during address transitions. 

VALID DATA IN 

2. A write occurs during the overlap( twp) of low CSi. high CS2 and low WE. 
3. twR is measured from the earlier of CS1 or WE going high or CS2 going low to the end of write cycle. 

(7) (8) 

4. During this period, 1/0 pins are in output state so that the input signals of opposite phase to the output must not be applied. 
5. If the CS1 low transition or the CS2 high transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance 

state. 
6. OE is continuously low(OE=V1L)· 
7. DouT is the same phase of write data of this write cycle. 
8. DouT is the read data of next address. 
9. If cs1 is low and CS2 is high during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the output must not be applied 

to them. 
IO. Transition is measured ± 500mV from steady state. 
11. tcw is measured from the later of CS1 going low or CS2 going high to the end of write. 
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HY6264 8,192X8-Bit·CMOS SRAM 

DATA RETENTION CHARACTERISTICsco 
(TA=0°C to 70°C) 

Voa1 Data Retention Supply CS1~Vee-0.2V, CS2.~Vec-0.2V or CS2~0.2V 2.0 V 

VoR2 Voltage CS2~0.2V, CS1~Vee-0.2V or CS1~0.2V 2.0 V 

Vee=3V, VIN= OV to Vee 

CS1~Vee-0.2V, CS2~Vec-0.2V or CS2$0.2V 
2 50 µA 

Data Retention Current 

Ieeoa1 

Vee=3V, VIN= OV to Vee 

CS2:$0.2V, CS1~Vee-0.2V or CS1:$0.2V 
2 50 µA IeeoR2 

Chip Deselect to 
0 

Data Retention Time 
ns tcoR 

ta Operation Recovery Time 
See Data Retention Timing Diagram 

tae(J) ns 

NOTES: 
I. These characteristics are guaranteed only for L-version 
2. TA= 2s 0 c 
3. IRc=Read Cycle Time 

DATA RETENTION TIMING DIAGRAM 1 (CS, Controlled) 

DATA RETENTION MODE 

Vee 

4.SV 

~, 'i?.Vee-0.'ZI/ 

cs, 
GND - - - - - - - - ...,... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DATA RETENTION TIMING DIAGRAM 2 ( CS2 Controlled) 

DATA RETENTION MODE 

Vee 

4.SV - - - - - - - - - - - - -

CS2-----

Vil - - - - - - - -

GND - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ELECTRICAL CHARACTERISTIC CURVES 
(Vcc=SV, TA=25°C, unless othetwise noted) 

j 
~ 
0 

3 
(..) 

9 

i 
(.) 

>-a. 
a. 
~ 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

~ 
~ 

~ 
~ 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee(\/) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

1.3 ----.-------,r----... ----, 

1.2 ~---f----t----t---"""1 

o.81-----1..._-----il-----+---"""1 

0.7 4L.2-5----14.L...75 ___ _.5."-0---5"".25----5.5 

1.3 

Supply Voltage Vcc(V) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

1.2 1----f----t----t----, 

0.91----+----+----t----1 

o.81----f----+----t----1 

0.7 L----L----L---......L----
4.25 4.75 5.0 5.25 5.5 

Supply Voltage Vcc(V) 

1 
3 
~ 

i 
8 
>-a. 
a. 
~ 

HY6264 8,192X8-Bit CMOS SRAM 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

1.6 

1.4 

1.2 

1.0 ~ 

0.8 

0.6 1-----4----+----+-----t 

0.4 L-__ ........ ___ _._ _______ _ 

1.3 

1.2 

1.1 

1.0 

0.9 

0. 8 

0.7 

1.3 

0 20 40 60 

Ambient Temperature TA(°C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

80 

~ 
~ ----~r-

0 20 40 60 

Ambient Temperature TA(°C) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

80 

1.2 l----~----+----+------1 

0.81-----1-----f.---+----, 

0.7 L4-.5---4..1.7-5---""----5.a..25----:".5.5 

Supply Voltage Vcc(V) 
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HY6264 8,192XS-Bit CMOS SRAM 

i 
.!::! 

l 
J: 
.Q 

i 
:I 

<..> 

~ 
i 
0 

~ 
ji 

i 
8 
~ 

~ 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

1.6 

1.4 

1.2 

1.0 

0.8 

0.4----------------

10- 1 

1 3 

Output High Voltage VoH(V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

4 5 

CS1=4.8V 

10-2~. ___ ..._ ________ ..._ __ __ 

20 40 60 80 

Ambient Temperature TA(°C) 
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i 

l 

j 

l 
iii 

.J£l 

i 
:I 

<..> 

~ 
"O 

~ 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

Output Low Voltage VoL(V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE cs, =Vcc-o.2v 

1.4 .-------...----.,.-----.---r.;.-..., 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 
2 3 4 6 

Supply Voltage Vcc(V) 



HY6264 8,192X8-Bit CMOS SRAM 

PACKAGE INFORMATION 

• 28 PIN PLASTIC DUAL IN LINE PACKAGE-600MIL 

I t-' I 

UNIT : INCH(mm) MAX 
MIN 

--$--- ---$--
' I I , 

1.467(37.262) 
·--------1.447(36.754) _______ , 

0.600BSC 

0.090(2.286) 
0.070( 1. 778) 

0.062( 1.575) 
0.050( 1 .270) 

0.021 (0.553) 
0.015(0.381) 

~~ 
~M 

-~§ 
o,o 

0.100 BSC --
(2.540) 

-- (15.240) --
__ o.550(13.970) _ 

0.530( 13.462) 

l 
r -~ l 
l l 

I 
_3°-11° 

-11 

• 28 PIN SMALL OUTLINE PACKAGE-330MIL 

0.0200( 0.5080) 
0.0140(03556) 

UNIT: INCH(mm) ~l~X 

E~ 
"?C\i 
0 ci 

1-...,.......,..;--1 II 
='-di ( + 1 ~l 

0°-8~j /_ T 
0.0500(1.2700) 
0.0300(07620) 
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DESCRIYI10N 

The HY6264A is a high speed, low power 
8,192 words by 8-bit CMOS static RAM fabrica
ted using a twin tub CMOS process technolo
gy. This high reliability process coupled with 
innovative circuit design techniques, yields 
maximum access time of 70ns. 

The HY6264A has a data retention mode that 
guarantees data to remain valid at a mini
mum power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltage 
from 2.0 to 5.5 volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY6264A family. 
· .•. 7 7 

,'. . 
Maximum Access Time(ns) 70 

Maximum Operating Current(mA) 50 

M261201 B-MAY92 

FEATURES 
•High speed-70/85/100/120/lSOns (max.) 
• Low power consumption 

- 200 mW typical operating 
-10 µW typical standby (l/LL-version) 

• Battery back up (UU..-version) 
-2 volt data retention 

• Fully static operation 
- No clock or refresh required 

• All inputs and outputs directly ITL compatible 
• Tri-state output 
•High reliability 28 pin 600 mil P-DIP and 330 mil 

SOP 

85 100 120 150 

50 50 50 50 

2 2 2 2 2 

Maximum Standby Current(mA) 1.--L-+-___ o._1 __ -+-__ o_.1 __ -+ ___ o._1 __ -+-__ o_.1 __ -+ ___ o_.1 __ -i 

LL 0.05 0.05 0.05 0.05 0.05 

BLOCK DIAGRAM PIN CONNECTIONS 

NC 1 28 Vee 
Ai2 2 27 WE 

As 

• 
Ag ROW • 128 x 512 

MEMORY ARRAY 

A11 • 
• 

A12 

• • • • 
l/Oo • • COLUMN 1/0 • 

---OVcc A1 3 26 CS2 

~GND As 4 25 Aa 
A5 5 24 Ag NC 10 28 Vee 

A12 2 27 WE 
Ai 6 23 A11 A1 3 26 CS2 
A3 22 BE As 4 25 As 
A2 A10 

A5 5 24 Ag 
21 Ai 6 23 A11 

Ai 9 20 cs, A3 7 22 5E 
Ao 10 19 1/07 

A2 8 21 A10 
Ai 9 20 cs, 

l/Oo 11 18 1/05 Ao 10 19 1/07 
110, 12 17 1/05 l/Oo 11 18 I/Os 
1/02 13 16 1/04 :~g~ 12 17 1/05 

13 16 1/04 
GND 14 15 1/03 GND 14 15 1/03 

INPUT 
DATA COLUMN DECODER 

DIP SOP 
CIRCUIT 

PIN NAMES 
1/01 

Ao-A12 ADDRESS INPUT 

l/Oo-1107 DATA INPUT/OUTPUT 

CS1 CHIP SELECT ONE 

CS2 CHIP SELECT TWO 

WE WRITE ENABLE 

C5E OUTPUT ENABLE 

Vee POWER 

GND GROUND 

5-21 
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HY6264A 8,192X8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGSco 

Von. v,N, V110 Power Supply, Input, Input/Output Voltage -o.5c2J to 7.0 

Ta1As Temperature Under Bias -IO to 125 

TsTG Storage Temperature -65 to 150 oc 
Po Power Dissipation 1.0 w 
lo UT Data Output Current 50 mA 

NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. - 3.SV for 20ns pulse. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

0 1 .lYP. 'MlJI.!. .. 
Supply Voltage 4.5 5.0 

--,.-. 

..f:c 
... .. ·· ,l}tAX. ± .·., UNl;fl 

5.5 v Vee 

Vrn 
~~~~~~~-+~~--~~~+-~~~~~-+~~~~~~---1-~~~~~----j 

Input High Voltage 2.2 3.5 6.0 v 

V1L Input Low Voltage -o.5c1J 0 0.8 v 
NOTES: 
I. - 3.SV for 20ns pulse. 

TRUTH TABLE 
l\llO.DU'. · .~T •(:;$," ::.:_ c~ 7,f,. WE I· OE ··••.110. dJitRAriON: :. 

H x x x High-Z 
Standby x L x x High-Z 

Output Disabled L H H H High-Z 

Read L H H L DouT 

Write L H L x D1N 
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HY6264A 8,192X 8-Bit CMOS SRAM 

DC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

'"'"' 

'_~i 
t::.'"' .;,i 

_y ·_;/ .: ·:::-f_ ;:-· .:c ,, !r -. 1;;·) {_:·!: 

..,,.""' .: .. L:.: !•l · ~:coNi>moNs . 
-_- // - •• ,-";_'' ;..i < 1•1~ -~ t.,;7 

; / ·_c • -'"~- -

I Iu I Input Leakage Current VIN=GND to Vee 

llwl Output Leakage Current 
CS1=Vm, CS2=V1L or OE=Vm, 

V110 =GND to V cc 

Ice 

Icc1 

lsB 

Operating Power Supply 

Current 

Average Operating Current 

Standby Power Supply 

Current 

CS1 =Vu,, CS2=Vm, 

Min, Duty Cycle= 100%. 

CS1 =Vm or CS2=V1L 

CS12.. Vcc-0.2V, 
lsBt(2) 

CS2 S. 0.2V or 2. Vee-0.2V 

lss2 
CS1 S. 0.2V or 2.. Vee- 0.2V, 

CS2s. 0.2V 

VoL Output Low Voltage loL=21mA 

Vott Output High Voltage lott=-1.0mA 

NOTES: 
1. Typical values are at Vee=SV, TA=25°C and specified loading. 
2. VIL min= -0.SV 

AC CHARACTERISTICS 
(Vcc=SV± 10%, TA= 0°C to 70°C) 

, READ CYCLE 

-'- -·--- . ; - ':< ___ -:-:i _·--m~A,~?t~~~, 
Sl~OOL PARA.METER -.y" 

;M~, ,~: 1;;~JN.1-~X;-
...J.. -_,_i 

tRc Read Cycle Time 70 85 

tAA Address Access Time 70 85 

tACSI 1 cs. 70 85 
Chip Select Access Time l CS2 tACS2 70 85 

toE Output Enable to Output Valid 45 50 

tcLZI l cs. 10 10 
Chip Select to Output in l.ow-Z l 

tcLZ2 CS2 10 10 

toLZ Output Enable to Output in l.ow-Z 5 5 

tcHZI I CS1 0 30 0 35 
Chip Deselec_t,r9 Q!!!RHl-ci!l High-Zl CS

2 0 30 0 35 tcHZ2 

to Hz Output Disable_ to Output in High-Z 0 30 0 35 

toH Output Hold from_Address Change 5 5 

70 

85 

100 

120 

150 

L 

LL 

L 

LL 

2.4 

,3fif6~;lQ:1 

·i\fli'( '~~ • 
100 

100 

100 

100 

55 

10 

10 

5 

0 35 

0 35 

0 35 

10 

µA 

µA 

7 15 mA 

30 50 mA 

27 50 mA 

24 50 mA 

21 50 mA 

18 50 mA 

0.4 2 mA 

20 1000 

2 100 µA 

2 50 

20 1000 

2 100 µA 

2 50 

0.4 v 
v 

.I:IY6~A~11. II\'.6264A-15 

. J\,nN,-,MA~- MIN. ~:x;-
UNIT 

120 150 ns 

120 150 ns 

120 150 ns 

120 150 ns 

60 70 ns 

10 15 ns 

10 15 ns 

5 5 ns 

0 40 0 50 ns 

0 40 0 50 ns 

0 40 0 50 ns 

10 10 ns 
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HY6264A 8,192X8-Bit CMOS SRAM 

WRITE CYCLE 

Input Pulse Level 

Input Rise and Fall Time 

Input and Output Timing 
Reference Level 

CAPACITANCEco . 
(TA=25°C, f= 1.0MHz) 

Input Capacitance 

0.8V to 2.4V 

Sns 

l.SV 

CI!o Input/Output Capacitance 

NOTE: 
I. This parameter is sampled and not 100% tested. 

TIMING DIAGRAMS 
READ CYCLE 1< 1

•
2
"') 

NOTE: 
1. Including scope and the jig. 

V11o=OV 8 

----------tRc-----------4 Ao·A12 
V1H-

V1L-

pF 

~ 
Dour 

VoH-

Vol-
----=~-=-=-=--=-=-=---=t-0-H=tAA=--==--=~------------
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HY6264A 8,192X 8-Bit CMOS SRAM 

READ CYCLE t 1
.3·

4
•
6

) 

cs, 

Dour 

READ 

CS2 

V1H
V1L-

VoH-

VOL--
-------HIGH-z-----c: 

CYCLE 3Ct,4,7) 

V1H-

V1L- ~i----tACS2------
,: _____ tCLZ215) 

VALID DATA .OUT 

VoH - -------HIGH-Z.------c 
,..,~11,-------------------------------""1 

Dour VALID DATA OUT 
VoL- l"'_.,"1'---------------------_,I 

READ CYCLE 4ci, 2) 

~--------------!Ac------------

V1H

V1L-

V1H

V1L-

,.,._ ___ joE-----.1 

_,OLZ-

•--------IACs1··--------1---1 

14--------1CLZ1(5), ______ _ 

NOTES: 
1. WE is high for read cycle. 
2. Device is continuously selected CS1 =V1L and CS2=V1H-
3_ Addresses are valid prior to or coincident with CS1 transition low. 
4. OE=V1L-
5_ Transition is measured ± SOOmV from steady state. This parameter is sampled and not 100% tested. 
6. CS2 is high. 
7. CS1 is low. 

VALID DATA OUT 
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HY6264A 8,192X 8-Bit CMOS SRAM 

WRITE CYCLE t<I) 

BE 

cs, 

Dour 

5-26 

V1H-

V1L -------'1"----------------------'1-------

V1H-

V1L.-

tcw1(111 

V1H-

V1L-

V1H-'P"'P',..,..,...,...,..,""7""!,..,..,._,..,...,..,.,..,..,,..,..,..,...,....,..,..., ___________ -.-l....,........, ...... ~_...'T""r'~.....-..._..._,... 

VIL - '-'-'"""""'"*..,.""""'-'-'"""'""'"*"""'""'-1."""'"'-'-""""'I 

•-----tcw2(111----•• 

V1H

V1L-

-~ .. ··1 
:~~= ))))))))))))))))) 

'-----twP(2)·----•I 

HIGH·Z------.,._ __________ _ 

1-tm -·~-1 
~':= --------- HIGH·z-----------1[~ VALID DATA IN ~""X""XXXX_""""" __ 



HY6264A 8,192X 8-Bit CMOS SRAM 

WRITE CYCLE ZC 1
•
6
i 

V1H-

V1L --------'''------------------------------------------'I~-----------------------
1------tcw1 (11)-------• 

V1H

V1L- -.,;11..a.,._11..a. ... ~w..,~_.,~_.,~._..l..l~----------------~...,""""~"""-""'"""-"""'"""-""'"""-'"""""-""'"""""" 

V1H--
V1L - ____ ...,. ............ _ ... ____ , 

•------IWP(2)-----
V1H --~---.... ---..,.....,,......,..,.....,...,.._...,.1 l~---+-------------
V1L -

-tOH-

(8) 

Do UT 

-tM ~ ~~·•~<'"' 
~~:->)))))))))))))))))))))))) 

-tow(10J-
(7) 

-tow- -tDH(9)-

V1H--
V IL _-------------- HIGH-Z -------------_,_ VALID DATA IN 

"----------------------' 

NOTES: 
I. WE must he high during address transitions. 
2. A write occurs during the overlap(twp) of low CSti high CS2 and low WE. 
3. twR is Qleasured from the earlier of CS1 or WE going high or CS2 going low to the end of write cycle. 
4. During this period, 1/0 pins are in output state so that the input signals of opposite phase to the output must not be applied. 
5. If the cs1 low transition or the CS2 high transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance 

state. 
6. OE is continuously low(OE=V1L). 
7. DouT is the same phase of write data of this write cycle. 
8. DouT is the read data of next address. 
9. If cs1 is low and CS2 is high during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the output must not be applied 

to them. 
IO. Transition is measured ± SOOmV from steady state. 
11. tcw is measured from the later of CS1 going low or CS2 going high to the end of write. 
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HY6264A 8,192X 8-Bit CMOS SRAM 

DATA RETENTION CHARACTERISTICSco 
(TA=0°C to 70°C) 

SYMBOL PARAMETER..::. ', TEST CONDmONS 

VoRt Data Retention CS,~Vee-0.2V, CS2::::Vee-0.2V or CS2$.0.2V 

VoR2 Supply Voltage CS2$0.2V, CS1~Vee-0.2V or CS1$.0.2V 

Vee=3V, VIN= OV to Vee 
IeeoR1 

CS1~Vee-0.2V, CS2::::Vee-0.2V or CS2$.0.2V 
Data Retention Current 

lceoR2 
Vee=3V, VIN= OV to Vee 

CS2_~0.2V, CS1~Vee-0.2V or CS1~0.2V 

Chip Deselect to 
tcDR 

Data Retention Time 
See Data Retention Timing Diagram 

tR Operation Recovery Time 

NOTES: 
l. These characteristics are guaranteed for Land LL-version. 
2. 3µA max. at TA=0°C to 40°C , 
3. tRe=Read Cycle Time 

DATA RETENTION TIMING DIAGRAM 1 (CSi Controlled) 

DATA RETENTION MODE 

Vee 

4,5V 

CS1 ?: Vee -0.2V 

cs, 

MIN. 1YP. MAX. 
2.0 - -

2.0 - -
L - 1 so 

IL - 1 s(2) 

L - 1 so 

IL - 1 sC2) 

0 - -

tRe(J) - -

GND - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - -

DATA RETENTION TIMING DIAGRAM 2 (CS2 Controlled) 

DATA RETENTION MODE 

Vee ---------.. 

4.SV-- - :- - - - ------

CS2-----

V1L - - - - - - - -

Gf.JD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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UNIT 

v 
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µA 

µA 

ns 

ns 



ELECTRICAL CHARACTERISTIC CURVES 
(Vcc=SV, TA=25°C, unless otheiwise noted) 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

1.6 

1.4 

j 
~ 1.2 

3 
u 
.9 
c 1.0 

§ 
(.) 

>- 0.8 0. 

~ 
~ 

~ 
~ 

a. 
Jl 

0.6 

0.4 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc(V) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

1.3 

1.2 

~ 
1ii 1.1 § 
0 

3 
(/) 

~ 1.0 
I-

~ 
I-
Q) 

E 0.9 
i= 

~ 
<( 0.8 

0.7 
4.25 4.75 5.0 5.25 5.5 

Supply Voltage Vcc(V) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3 

1.2 

----~ -~ 
1.1 

1.0 

~ 

0.9 

0.8 

0.7 
4.25 4.75 5.0 5.25 5.5 

Supply Voltage VccCV) 

HY6264A 8,192X8-Bit CMOS SRAM 

j 
O! 
§ 
0 

3 
u 
.9 
c 
~ 
8 
~ g. 
en 

~ 
l 
3 

(/) 
u 
<( 

1-. 

~ 
I-

~ 
i= 

j 

1.6 

1.4 

1.2 

SUPPLY CURRENT vs .. 
AMBIENT TEMPERATURE 

1.0 ~ ...... 

0.8 

0.6 

0.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

1.3 

0 20 40 60 

Ambient Temperature TA(°C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

80 

~ ~ 

----~ 

0 20 40 60 

Ambient Temperature TA(°C) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

80 

1.2 L----1----.f.----t-----; 

0.8 L----1-----1----t----~ 

o.1 L4-.5·---4-.7L5---....L.----5.L.25---5.-.5 

Supply Voltage Vcc(V) 
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HY6264A 8,192X 8-Bit . CMOS SRAM 

5-30 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

0.4 ____ ..__ ___ ...._ ______ _ 

1 3 

Output High Voltage VoH(V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

4 

CS1=4.8V 
101----.-----...-----.....-------. 

20 40 60 80 

Ambient Temperature TA(°C) 

1 
0 

b 
1ii 

Jf) 

i 
c3 
>. 
.0 

~ 
U5 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

0.2 0.4 

Output Low Voltage VoL(V) 

STANDBY CURRENT vs .. 
SUPPLY VOLTAGE 

0.6 0.8 

cs1 =Vcc-o.2v 
1.4 ----..-----...-----r--T---, 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 
2 3 4 5 6 

Supply Voltage Vcc(V) 



HY6264A 8,192X 8-Bit CMOS SRAM 

PACKAGE INFORMATION 

• 28 PIN PLASTIC DUAL IN LINE PACKAGE-600MIL 

I t--' I --$--- . ---$--
i , I 

1.467(37.262) 
·--------1.447(36.754) _______ , 

0.090(2.286) 
0.070(1.778) 

0.062(1.575) 
0.050(1.270) 

0.021 (0.553) 
0.015(0.381) 

_l 
_L 
i~ 
ojM 

-~~ 
d.d 

o.1oossc-
(2.540) 

• 28 PIN SMALL OUTLINE PACKAGE-330MIL 

0.0200(0.5080) 
0.0140(0.3556) 

UNIT: INCH(mm) MAX 
MIN 

0.600BSC 
-(15.240)-

0.550(13.970)_ 
0.530( 13.462) 

UNIT: INCH(mm) ~~ 

EE 

t 
BASE PLANE 

SEA TING PLANE 

9= g' =1-dl~{ =~t==:. ~)~1° 
o-:...s.:_J J_ T 

1 _____ 0.7280(18.4912) ____ , ~~ 
0.7200(18.2880) ~ g 

~~ 
08 
ci ci 

0.0500( 1.2700) 
0.0300( 0.7620) 
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DESCRIPTION 

The HY62C256 is a high speed low power, 
32,768 words by 8-bit CMOS static RAM fabri
cated using HYUNDAl's high performance 
twin tub CMOS process. This high reliability 
process coupled with innovative circuit design 
techniques. yields maximum access time of 
85ns. 

The HY62C256 has a data retention mode 
that guaran~ees data will remain valid at a 
minimum power supply voltage of 2.0 volt 

Using CMOS technology, supply voltages 
from 2.0 to 5.5 volt have little effect on sµpply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY62C256 family. 

M231202B-MAY92 

FEATURES 

• High speed - 85/ f 00/ 120/ 150 ns (max.) 
•Low power consumption 

- 175mW typical operating 
- 15 µW typical standby CL-version) 

• Battery back up CL-version) 
- 2 volt data retention 

• Fully static operation 
- No clock or refresh required 

• All inputs and outputs directly 1TL compatible 
•Tri-state output 
•High reliability 28 pin 600 mil P-DIP and 330 mil 

SOP 

HY62C256-85 HY62C2..~ll} ; . ·HY62d..~j~ 
;.; c ;·: ·. , .. 

j_ lf\'62C~I~-' 2 

Maximum Access Time (ns) 

Maximum Average Operating Current (mA) 

Maximum Standby Current (mA) 

BLOCK DIAGRAM 

cs 

} L 

1024X256 

MEMORY ARRAY 

• • • • 

COLUMN 1/0 

COLUMN DECODER 

• • 

85 

70 

LO 

0.1 

--OVcc 

--OGND 

OE ~~:~~~L It'-~~~~~~~~-~~~--~---' 
WE ---,.. ___ _, 

100 

70 

LO 

0.1 

Ai4 

A12 

A1 

Aa 
As 

~ 

A3 

A2 

Ai 

Ao 
l/Oo 

110, 

1102 

GND 

120 150 

70 70 

1.0 LO 

O.l 0.1 

PIN CONNECTIONS 

28 Vee 
27 WE 

3 26 Ai3 
25 Aa 

24 Ag Ai4 28 
Ai2 27 

23 All A1 26 

22 OE Aa 25 

8 21 Aio 
As 24 
~ 23 

9 20 cs A3 22 
10 19 1/07 

A2 21 
Ai 20 

11 18 I/Os Ao 19 
12 17 I/Os l!Oo 16 

13 16 1/04 :~g; 12 17 
13 16 

14 15 1/03 GND 14 15 

DIP SOP 

PIN NAMES 

Ao·A14 ADDRESS INPUT 
1100 -1107 DATA INPUT /OUTPUT 

cs CHIP SELECT 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

Vee POWER 

GND GROUND 
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WE 
Ai3 
Aa 
Ag 
A,, 
OE 
Aio 
cs 
1/07 
I/Os 
I/Os 
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HY62C256 32, 768 X 8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGs<n 

Power Supply, Input, Input/Output Voltage -0.5(2) to 7.0 v 
Te1As Temperature Under Bias -10 to 125 

TsTG Storage Temperature -65 to 150 

Po Power Dissipation 1.0 w 
lo UT Data Output Current 50 mA 

NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended may affect reliability. 

2. -3.SV for 20ns pulse. 

RECOMMENDED DC OPERATING CONDITIONS 
(TA=0°C to 70°C) 

M{N. 
/ :...:. 

l)'P, 

Vee Supply Voltage 4.5 5.0 

Input High Voltage 2.2 3.5 

Input Low Voltage -o.5<ll 

NOTE: 
I. - 3.SV for 20 ns pulse. 

TRUTH TABLE 
ts .I 

' 
''0£ ,,;:_ 

Standby H x x 
output Disabled L H H 

Read L L H 

Write L x L 

NOTE:: 

I.X:HorL 
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MAX. ._UN1t. .· _i_ 

5.5 v 
6.0 v 
0.8 v 

110· OP(RATION 
High-Z 

High-Z 

Do UT 

0. 



HY62C256 32,768X 8-Bit CMOS SRAM 

DC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

I Iu I Input Leakage Current 

I Iw I Output Leakage Current 

Ice Operating Power Supply Current 

Icc1 Average Operating Current 

Iss 

Issi 
Standby Power Supply Current 

·1 
··• 1EST CONOlllONS 

V1N=GND to Vee 

CS=Vrn, OE=Vrn or WE=V1Lo 

V1;o=GND to Vee 

CS=V1L. I11o=OmA 

CS=Vn.., Min. Duty Cycle= 100% 

CS=Vrn 

CS 2:Vcc-0.2V, 

VoL Output Low Voltage loL =4mA 

c- ·<cC ~-·· HY62C56 > ..... ·. . ,_-

. •·· •.. ··•· ··.·.·•···. UNIT .. ~: fryP.U) l\fAX.L ~ 
2 µA 

2 µA 

40 70 mA 

35 70 mA 

3 mA 

1 L 

1.0 mA 

3 100 µA 

0.4 v 
i---·~---+-~~~~~-~~~~~~--t--~~~~~~~~~~~~~~-+----+-~----ir--~-t-~~--i 

VoH Output High Voltage loH= -1.0mA 

NOT[: 
t. Vcc=SV. TA=25°C 

AC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

READ CYCLE 

SYMBOL PARAMETER 

lRC Read Cycle Time 

tAA Address Access Time 

lACS Chip Select Access Time 

tcu Chip Selection to Output in Low-Z 

toE Output Enable to Output Valid 

tcnz Output Enable to Output in Low-Z 

le HZ Chip Deselection to Output in High-Z 

to HZ Output Disable to Output in High-Z 

toH Output Hold from Address Change 

HY62Cl56-85 

MIN. MAX. 

85 -

- 85 

- 85 

5 -

- 45 

5 -

0 30 

0 30 

5 -

HY61C25().10 

MIN.- MAX; 

100 -

- 100 

- 100 

5 -

- 50 

5 -

0 35 

0 35 

10 -

2.4 v 

HY6ZC512 HY62C515 
UNIT 

MAx. MIN. MIN; MAX; L 
120 - 150 - ns 

- 120 - 150 ns 

- 120 -- 150 ns 

5 - 5 - ns 

- 60 - 70 ns 

5 - 5 - ns 

0 40 0 50 ns 

0 40 0 50 ns 

10 - 10 - ns 
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HY62C256 32,768X8-Bit CMOS SRAl\1 

WRITE CYCLE 

~c ·~.~~:"¢~~····.Li 1' Jh.- :i. i~ !Z:L2l131·;_:., J: 

twc Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Set-up Time 

twp Write Pulse Width 

twR Write Recovery Time 

to Hz Output Disable to Output in High-Z 

twHZ Write to Output in High-Z 

tow Data to Write Time Overlap 

toH Data Hold from Write Time 

tow Out_put Active from End of Write 

AC TEST CONDIDONS 
(TA=o0 c to 70°C) 

Input Pulse Level 0.8V to 2.4V 

Input Rise and Fall Time 

Input and Output 
Timing Reference Levels 

CAPACITANCE 
(TA=25°C, f=l.O MHz) 

Sos 

I.SY 

. iHV6zcz56-s5 
··::MIN. :MAi' 

85 -

75 -

75 -

0 -

'60 -

0 -

0 30 

0 30 

40 -

0 -

5 -

HV02Cis6-10 "m0:2ci56-12 HY61Cl56-.ts·~ /cc< 

irNrr· 
MIN. MAX. MIN. .MAX.·! MIN, :•)J~j,i~~; •/'< 

100 - 120 - 150 - ns 

80 - 85 - 100 - ns 

80 - 85 - 100 - ns 

0 - 0 - 0 - ns 

70 - 70 - 90 - ns 

0 - 0 - 0 - ns 

0 35 0 40 0 50 ns 

0 35 0 40 0 50 ns 

40 - 50 - 60 - ns 

0 - 0 - 0 - ns 

10 - 10 - 10 - ns 

OUTPUT LOAD 

+sv 

1K!1 

Dour 0------<1~--

0.67K!1 

NOTE: 
I. Including •cope and the Jig. 

r ... CONbnlQ!'lS 
~ 

MAX.. 
·<· .,, .'' 

UNIT 
Input Capacitance V1N=OV 8 pF 

Cl!o Input/Output Capacitance Y11o=OV 10 .PF 

NOTE: 
I. This parameter is sampled and not UHi% tested. 
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HY62C256 32,768X 8-Bit CMOS SRAM 

TIMING DIAGRAMS 

READ CYCLE 1(1) 

A.J·A14 V1H-
V1L-

OE 
V1H-
V1L-

•------toe----• 

cs V1H-
V1L-

•----------IACS-------1----.1 

1---------lcLZiS)---------<~I 

Dour VoH - ---------HIGH-Z--------c VALID DATA OUT 
Vol - 1"-"'11'-------------------------...... i.+.111~ 

READ CYCLE 2<•.z. 41 

•--------------IAC--------------• 

V1H-

V1L - -------""'I'-------------------------------------------'!'----------------
1-----------IAA---------1 

•-~------IOH-------t•I -toH-

Dour 
VoH---------------------------------------ir+..-""""""~1,---------------------------.. .... -

VALID 'DATA OUT 
Vol -----------------------------------------'+Mo.."-._.,,'---------------------------,..._-

READ CYCLE 3< 1• .l, 4) 

Dour 

NOTES: 

~',:=1-tAcs-1 
-----lcLZi5l----• 

VoH

VoL- -----HIGH-z-----. 

I. WE ;, high for Read Cycle. 
2, Device is continuousl} selected. CS=Vtl 
3. Addresses are valid prior to or coincident with CS transition low. 
4. OE=V1L 
5. Transition b measured ±.SOOmV from steady stale. This parameter is sampled and not 100% tested. 

VALID DATA OUT 
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HY62C256 32,768X8-Bit CMOS SRAM 

WRITE CYCLE I 

·----------twc:--------· 
Ao-A14 

V1H-

V1H-

V1H-
OE v,L-

•--------~t~----•I V1H - _____ ...... __ .._ __ ,! 

(4) 

V1L -~~~~~~.....:~~~~ ....... ----------+""--""'-' ...... ~ ...... --

V1H -----~--.._ _____ , 

v,l-

1-----lwP111----I 

Dour ~:=mmmm HIGH-z---+---------

~
-tow--toH-F 

ViH - --------HIGH-z------· VALID DATA IN v,l-
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HY62C256 32,768X 8-Bit CMOS SRAM 

WRITE CYCLE zcs) 

twt 

V1H-
A<JA14 

V1L-

tcw 

cs V1H-

V1L--

V1H-
WE V1L--

-toH-

-tow19)- (6) (7) 

VoH--
Dour 

Vol--

D1N 
V1H-

V1L-

r-•ow--toH~) 

---------HIGH-z--------c.~ VALID DATA IN 1 zxzxxxx 

NOTES: 
1. A write occurs during the overlap(t~ of low CS and low WE. 
2. tWR is measured from the earlier of CS or WE going high at the end of write cycle. 
3. During this period, 1/0 pins are in the output state so that th~ input signais of opposite phase to the outputs must not be applied . 
... If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 
S. OE is continuously low (OE=V1L)· 
6. Dom is the same phase of write data of this write cycle. 
7. Dom is the read data of next address. 
8. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
9. Transition is measured ±SOOmV from steady state. This parameter is sampled and not 100% tested. 
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HY62C256 32,768X8-Bit CMOS SRAM 

DATA RETENTION CHARACTERISTICSco 
(TA=0°C to 70°C) 

VoR Data Retention Supply Voltage 

lcTDR Data Retention Current 
Vcc=3.0V, VrN=O to Vee. 

CS ;::: Vcc-0.2V 

lcDR Cbip Deselect to Data Retention Tune ,___ ___ ___.__ _______ ~ __ _., See Data Retention Timing Diagram 
tR Operating Recovery Time 

~OTF.S: 

I. These characteristics are guaranteed for L-version, 
2. tRc=Read Cycle Time 

DATA RETENTION Tll\flNG DIAGRAM 

DATA RETENTION MODE 

Vee _________ , 

4.5V -------------
' . 

CS"? Vee -0.Z</ 

cs-----

2 50 

0 

GND- - - - - - - - - _______ ""'" _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ 
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ELECTRICAL CHARACTERISTIC CURVES 
(Vcc=SV, TA=25°C, unless otherwise noted) 

SUPPLY CURRENT vs. 

j 

l 
B 
c: 
~ 
8 
> 
0. c. 
~ 

J 
...J 

> 

J 
~ 
...J 

} 

SUPPLY VOLTAGE 
1.6 .-----------.-------...... 

1.2 

1.0 

0.8 

0.6 

0.4 
4.5 4.75 5.0 

Supply Voltage Vcc(V) 

ACCESS TIME vs. 
SUPPLY VOLTAGE 

5.25 5.5 

1.3 .-------or-----....----.....----. 

1.2 i-------1-'------------t 

1.1 .... c------i~-----+-'----+----1 

~ 1.0 1------l'----..:::lfo""'ll:::'."---+----4 

~ 0.9 ~-----4'-------+-----+.--_;;:i-.r 

0.8 1-------1------------t 

0.7 ,___ __ ____.......__ __ ___. ___ __._ ___ ...... 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

4.25 4.75 5.0 5.25 

Supply Voltage Vcc(V) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

5.5 

~ -----1 
i----
~ 

4.25 4.75 5.0 5.25 5.5 
Supply Voitage Vcc(V) 

HY62C256 32,768X 8-Bit CMOS SRAM 

i 
l 
t3 
c( ..... 
~ 
~ 
i= 

j 

1.6 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

1.4 1-------1-------------t 

1.2 ~-----1-------------t 

1.0r----L 

0.8 1-------11------+----+-----1 

0.6 i-------1-'-------------t 

0.4 ..__ _________ __..... _______ _.. 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

1.3 

0 20 40 

Ambient Temperature TA(°C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE· 

60 

v--,_......... 

~ 
I-""'" 

~ 

0 20 40 60 

Ambient Temperature TA(°C) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

4.5 4.75 5.0 5.25 
Supply Voltage Vcc(V) 

80 

_.,,,,.,. 

80 

5.5 
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HY62C256 32,768X8-Bit CMOS SRAM 

1 
] 

I 
0 
J:. r 
! 

5 
j 

i 
8 
/j 

~ 
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1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

l -.., 
~ 

~ 
i 
~ 

3 4 

Oi.ltput High Voltage VoH(V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

5 

10·3 ...----......... ----..----....-----

10-4 

10·5 

20 40 60 80 

Ambient Temperature TA(°C) 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

1.sr------.--------.-----

o.
4 ~0---..'."o.~2 --_...,o,...,.4,.------"o'-.s----'o.a 

Output Low Voltage VoL(V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE ~ =Vcc-o.2v 

1.4---........ ---------...-----. 

Supply Voltage Vcc(V) 



HY62C256 32,768X8-Bit CMOS SRAM 

PACKAGE INFORMATION 

• 28 PIN PLASTIC DUAL IN LINE PACKAGE-600MIL 

I t--' I ---$--- --·$---
' I I , 

1.467(37.262) , ________ 1447(36.754) ________ , 

0.090(2.286) 
0.070( 1.778) 

0.062( 1.575) 
0.050( 1 .270) 

0.021 (0.553) 
0.015(0.381) 

~~ 
~M 

- ~§ 
o,o 

0.100 BSC --
(2540) 

• 28 PIN SMALL OUTLINE PACKAGE-330MIL 

0.0200( 0.5080) 
00140(0.3556) 

MAX 
UNIT : INCH(mm) -

MIN 

0.600BSC 
-- (15.240) ---

_o.550(13.970)_ 
0.530( 13.462) 

J 
~ l 

l 1 J 

I 
_30-110 

--11 

UNIT: INCH(mm) ~~X 

BASE PLANE 
SEATING PLANE 

~~ 
2~ 

i-........ 41-~ ll 
='-=°j =t= Jll 

t 
07280(18.4912) _____ , ~§ 

, _____ 0.7200(18.2880) C'J 0 

ci ci 

~~ 
58 
ci ci 

0°.-0·_J /_ T 
0.0500( 1.2700) 
0.0300(0.7620) 
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DESCRIPTION 
The HY62256A is a high speed low power, 

32,768 words by 8-bit CMOS static RAM 
fabricated using HYUNDAI's high perfor
mance twin tub CMOS process~ This high 
reliability process coupled with innovative 
circuit design techniques, yields maximum 
access time of 70ns. 

The HY622S6A has a data retention mode 
that guarantees data will remain valid at a 
minimum power supply voltage of 2.0 volt 

Using CMOS technology, supply voltages 
from 2.0 to S.S volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY62256A family. 

M241201 B-MAY92 

FEATURES 
•High speed-70/85/100/120ns (max.) 
• Low power consumption 

-200mW typical operating (HY62256A-70) 
- 10 µ W typical standby CULL-version) 

• Battery back up CULL-version) 
- 2 volt data retention 

• Fully static operation 
- No clock or refresh required 

• All inputs and outputs directly 1TL compatible 
• Tri-state output 
•High reliability 28 pin 600 mil P-DIP and 330 mil 

SOP 

HY62256A-70 HY62256A-85 HY62256A-10 HY62256A-l2 

Maximum Access Time (ns) 70 85 100 120 

Maximum Average Operating Current (mA) 70 70 70 70 

l.O l.O l.O l.O 

Maximum Standby Current (mA) L 0.1 0.1 0.1 0.1 

LL 0.05 0.05 0.05 0.05 

BWCK DIAGRAM PIN CONNECTIONS 

--OVcc A14 1 28 Vee 
As 

• A12 2 27 WE 
• --<>GND A1 3 26 A13 

Ag • Au 4 25 As 
512X512 

As 24 Ag A14 10 28 Vee 
MEMORY ARRAY A12 2 27 WE 

An ~ 23 A11 A1 3 26 A13 

• A3 7 22 BE Au 4 25 As 

• A2 8 A1o 
As 5 24 Ag 

21 ~ 6 23 A11 
A14 A1 9 20 cs A3 7 22 6E 

Ao 10 19 1/07 
A2 8 21 A10 

• • • • A1 9 20 cs 
l/Oo 11 18 1/05 Ao 10 19 1/07 

l/Oo 
1101 12 17 I/Os l/Oo 11 18 1/05 
1/02 13 1/01 12 17 I/Os • COLUMN 1/0 16 1/04 1/02 13 16 1/04 

• GND 14 15 1/03 GND 14 15 1/03 

• 
• COLUMN DECODER 

• DIP SOP 
• 1101 PIN NAMES 

Ao-A14 ADDRESS INPUT 

l/Oo-1107 DATA INPUT/OUTPUT 

cs cs CHIP SELECT 

WE WRITE ENABLE 

6E OUTPUT ENABLE 

OE ~~~~l~L i---------------~~ 
~.,.....-,_ ___ ... 

Vee POWER 

GND GROUND 
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HY62256A 32, 768 X 8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGsci) 

S\'.MBOL··· 

Power Supply, Input. Input/Output Voltage -o.5C2l to 7.0 v 
Ts1As Temperature Under Bias -IO to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
Po Power Dissipation 1.0 w 
Iom Data Output Current 50 mA 

NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating condition for extended may affect reliability. 

2. ·3.SV for 20ns pulse. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL. PAR;\ME~R .·· MIN: . ;·/; .. ... Tfl(·'. 1:+ ··~ "''{' UNIT' 

Vee Supply Voltage 4.5 5.0 5.5 v 
VIH Input High Voltage 2.2 3.5 6.0 v 
V1L Input Low Voltage -o.5co - 0.8 v 

NOTE: 
I. - 3.SV for 20 ns pulse 

TRUTH TABLE 

MODE cs OE£ ·i: ,., 

WE) 
i ~·:::~·..:;;: lfQ::oeERATION . » 

Standby H x x High-Z 

Read L L H Dmrr 

Write L x L D1N 

Output Disabled L H H High-Z 

NOTE: 
1. x: H orL 
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HY62256A 32,768X 8-Bit CMOS SRAM 

DC CHARACTERISTICS 
(Vn=SV± 10%, TA=0°C to 70°C) 

SYMBOL PARAMETER~ 

I Iu I Input Leakage Current 

lhol Output Leakage Current 

Ice Operating Power Supply Current 

Icc1 Average Operating Current 

lss 

Ism Standby Power Supply Current 

VoL Output Low Voltage 

VoH Output High Voltage 

NOTE: 

:1 'l'EST.CONDITTONS 
. 

V1N=GND to Vee 

CS=Vrn or OE=Vrn or WE=Vu,, 

Vvo=GND to V cc 

CS=Vn,, VIN=Vrn or Vn.,. 

Ivo=OmA 

CS=V1L 

Min Duty Cycle= 100% 

Ivo=OmA 

CS=Vrn 

CS~ Vcc-0.2V, 

loL=2.lmA 

loH=-1.0mA 

I. Typical values are at Vcc=S.OV, TA=25°C and specified loading. 

AC CHARACTERISTICS 
(Vn =SV± 10%, TA=0°C to 70°C) 

READ CYCLE 

H\'62256A.,. 70 HV62256Ac85. 
SYMBOL PARAMETER 

MJN~ MAX. MIN. MAX. 

tR( Read Cycle Time 70 - 85 -

tAA Address Access Time - 70 - 85 . 
tAcs Chip Select Access Time - 70 - 85 

tu.z Chip Selection to Output in Low-Z 5 - 5 -

to1 Output Enable to Output Valid - 35 - 45 

trn.z Output Enable to Output in Low-Z 5 - 5 -

kHz Chip Deselection to Output in High-Z () 30 () 30 

toH/ Output Disable to Output in High-Z () 30 () 30 

toH Output Hold from Address Change 5 - 5 -

. • . 
:·i:HY62256A,. 

-~ 

:oN1T··· 
-'-

M(N. l'n1'·(1) ~ 2 

- - 1 µA 

- - 1 µA 

- 7 15 mA 

-70 - 40 70 mA 

-85 - 35 70 mA 

-10 - 30 70 mA 

-12 - 25 70 mA 

- - 2 mA 

- - 1.0 mA 

L - 2 100 µA 

LL - 2 50 µA 

- - 0.4 v 
2.4 - - v 

'liV62256A~IO . ':ln'62l~~-:l2 ·• 
'MIN.i· MAX. 

lJMr. 
MIN. ~-

100 - 120 - ns 

- 100 - 120 ns 

- 100 - 120 ns 

5 - 5 - ns 

- 50 - 60 ns 

5 - 5 - ns 

0 35 0 40 ns 

0 35 0 40 ns 

10 - IO - ns 
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HY62256A 32,768X8-Bit CMOS SRAM 

WRITE CYCLE 

twc Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Set-up Time 

tWP Write Pulse Width 

tWR Write Recovery Time 

to Hz Output Disable to Output in High-Z 

tWHz Write to Output in High-Z 

tow Data to Write Time Overlap 

toH Data Hold from Write Time 

tow Output Active from End of Write 

AC TEST CONDIDONS 
(TA=0°C to 70°C) 

Input Pulse Level 0.8V to 2.4V 

Input Rise and Fall Time 

Input and· Output 
Timing Reference Level 

CAPACITANCE<•) 
(TA=25°C,f=l.0 MHz) 

CrN Input Capacitance 

Sos 

l.5V 

C110 Input/Output Capacitance 

NOT[: 

I. This parameter is sampled and not 100% tested. 
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70 

65 

65 

0 

55 

0 

0 30 

0 30 

35 

0 

5 

·.~~ .. io, i:f;Rtii~1¥A:ti} j' 

,~i:. ~11~( .MIN. ~·· 

85 100 120 ns 

75 80 85 ns 

75 80 85 ns 

0 0 0 ns 

60 70 70 ns 

0 0 0 ns 

0 30 0 35 0 40 ns 

0 30 0 35 0 40 ns 

40 40 50 ns 

0 0 0 ns 

5 10 10 ns 

OUTPUT WAD 

+sv 

NOTE: 

I. Including scope and the Jig. 

6 pF 

V11o=OV 8 pf 



HY62256A 32,768X 8-Bit CMOS SRAM 

TIMING DIAGRAMS 

READ CYCLE t<1
) 

V1H - ----.,.1.-------------------------"1.r--------
Vil - --------~1"'----------------------------------------------.-1'1~-----------------

oE V1H-
Vil-

·------toe-----• 

cs V1H-
Vil-

-tou<51_ 

1+---------tACs-------t---+I 

1+--------tcl2(5) ______ __,.,, 

Dour VoH - ---------HIGH-Z--------1: VALID DATA OUT 

Vol - l""~l'---------------------------~i..w1 

READ CYCLE t 1
•

2
• 4) 

1+--------------tRc-------------+I 
V1H-

V1l - --------..,,1"'--------------------------------------------------'I'"-----------------
1-----------IAA---------1 

l+--------fQH--------4~1 -toH-

Dour VoH----------------------------------------"""""1111""""".,..."" 1 ~------------------------... """ ... 

v0l~-------------------'+K..1~'-M'l'-------v_ALI_D_D_A_I_A_o_ur ____ -'..,__ 

READ CYCLE 3c1 .. 1. 4) 

Dour 

NOTES: 

~:=1~tACs-1 
-----lcu1s1----1 

VoH
Vol- -----HIGH-z----4. 

I. WE is high for Read Cycle. 
2. 01.'\'iCt.' is continuousl~ st.'lt.'Ctt.'d, Cs=V1l 
.1. t\ddrt.'SSt.'S art.' rnlid prior to or coincidt.'nt with CS transition low. 
~. OE=V1L 
S. Transition is tnt.'asurt.'d .!. SOOmV from stt.'ad~ stall.'. This paramett.'r is sampled and not 100% tt.'sted. 

VALID DATA OUT 
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HY62256A 32,768X8-Bit CMOS SRAM 

WRITE CYCLE 1 

twc 

AJ·A14 
V1H -

Vu~ -

OE 
V1H-

V1L -

tcw 

cs V1H-

V1L ~ 

V1H _____ ....,...,... _____ , 

V1L-

-1"5 
1----lwP111---+1 

Dour HIGH-Z------+--------
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HY62256A 32,768X 8-Bit CMOS SRAM 

WRITE CYCLE t 5
l 

V1H-
A.J·A14 

V1L -

t--------lcw-----........ ~t 

cs V1H-

V1L--

V1H_ 
WE 

V1L--
-IOH-

-tow191- 101 m 
VoH-

DoUT 
VoL-

D1N 
V1H-

---------HIGH-Z--------c. VALID DATA IN 
V1L-

NOTES: 
I. A write occurs during the overlap(twp) of low ES and low WE. 
2. twR is measured from the earlier of Cs or WE going high at the end of write cycle. 
3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the output; must not he applied. 
4. If the CS low transition occurs simultaneously with the "WE low transitions or after the WE transition. outputs remain in a high impedance state. 
5. OE is continuously low (OE=V1L). 
6. Dot'T is the same phase of write data of this write cycle. 
7. DouT is the read data of next address. Ell 
8. If~ is low during this period, 1/0 pins art" in the output state. Then the data input signals of opposite phasl" to the output.< must not he applil"d to them. 
9. Transition is measured ±500mV from steady state. This parameter is sampled and not 100% tested. 
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HY62256A 32,768 X 8-Bit CMOS SRAM 

DATA RETENflON CHARACTERISTICSco 
(VA=0°C to 70°C) 

Data Retention Supply Voltage VIN=O to Vee. cs~ Vee-0.2V 

IccnR Data Retention Current 
Vcc=3.0V, VIN=O to Vee, 

CS ~ Vee-0.2V 

L 

LL 

tcoR Chip Deselect to Data Retention Time 
See Data Retention Timing Diagram 

Operating Recovery Time 

NOTES: 
1. These characteristics are guaranteed for Land LL-version. 
2. JµA max. at TA=0°C to 40°C 
3. iRe=Read Cycle Time 

DATA RETENTION TIMING DIAGRAM 

Vee _________ , 

4.SV 

VrH 
VoR 

cs-----

lcDR 

DATA RETENTION MOOE 

CS~Vcc-0.2\1 

2.0 

2 50 

0 

1'. ;J;ff:I' 
v 
µA 

µA 

ns 

ns 

GND - - - - - - - - - - - - :-- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -
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ELECTRICAL CHARACTERISTIC CURVES 
(Vcc=SV, TA=25°C, unless otheiwise noted) 

~ 
~ 
! 
G 
J) 

~ 
8 ,., 
~ 
U) 

~ 

l 
-5 

I 
~ 
"5 
~ 

SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 

1.6 ....----......--....,--......----......------. 

1.2 

1.0 

0.8 

0.6 

0.4 
4.5 4.75 5.0 

Supply Voltage Vcc(V) 

SUPPLY VOLTAGE 
ACCESS TIME vs. 

5.25 5.5 

1.3 .-----~---~---or------. 

1.2 -----+-----+-----+--------1 

1.1 f"l!!io.. ...... =-----t------t------t------t 

~ 1.0 1----+---~"""'=,.----+-----f 

--+----0.9 !------+----+----+---~ 

0.8 1-----+-----+----+-----i 

0.7 
4.25 4.75 5.0 5.25 5.5 

Supply Voltage Vcc(V) 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 
4.25 4.75 5.0 5.25 5.5 

Supply Voitage Vcc(V) 
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1.6 

1.4 

j 
iil 
§ 

1.2 0 

3 
G 
.9 

~ 
1.0 

(.) ,., 
Ci. 
~ 0.8 
~ 

0.6 

0.4 

1.6 

l 
1.4 

1.2 

~ 
f--

~ 1.0 
f--

~ 
j 0.8 

0.6 

0.4 

1.3 

~ 

! 1.1 

} 

j 1.0 

.c 

.Q> 
J: 0.9 
:; 
~ .s 

SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

~ t--. ---~ ~ 

0 20 40 

Ambient Temperature TA(°C) 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 

60 

v---: """""" __.,,,.--
I-'"""" 

~ 

0 20 40 60 

Ambient Temperature TA(°C) 

INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 

4.5 4.75 5.0 5.25 
Supply Voltage Vcc(V) 

80 

~ 

80 

5.5 
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HY62256A 32,768X8-Bit CMOS SRAM 

1.6 

i 1.4 

) 
"f 1.2 
,!) 

j 
1.0 

.s= 

.2' 
J: 

! 0.8 

0.6 

0.4 

OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

l 
"' ~ 
\ 
~ 
\ 

\ 
3 4 

Output High Voltage VoH(V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 

5 

10·3 ...------.-----.-----...-------.. 

3 10-4 

j 

~ 
:J 

(.) 

i 10·5 

20 40 60 80 

Ambient Temperature TA(°C) 
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OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

1.6 ..-----.-...;.__---.---------

0.4 .___ __ ___., ___ __,_ ___ _.__ __ ___J 

0 0.2 0.4 0.6 0.8 
Output Low Voltage Vol (V) 

cs =Vcc-o.2v 
STANDBY CURRENT vs. 
SUPPLY VOLTAGE 

1.4 ,..;.....;...----.-----.----~------.. 

2 3 4 5 6 

Supply Voltage Vcc(V) 



HY62256A 32,768X 8-Bit CMOS SRAM 

PACKAGE INFt!JRMATION 

• 28 PIN PLASTIC DUAL IN LINE PACKAGE-600MIL 

I t--' I --$--- ---$---
' . I I , 

1.467(37262) 
·--------1447(36754) _______ , 

0.090(2.286) 
0.070( 1 . 778) 

0.062(1.575) 
0.050( 1 270) 

0.021(0553) 
0.015(0.381) 

$~ 
U:M 
~o - ~~ 
d.ci 

0.100 BSC --
(2540) 

• 28 PIN SMALL OUTLINE PACKAGE-330MIL 

~~~ ............. -] 
~l 00 

~~ ~~ 
coco ~~ 

so~§ 
~ ~ '<t '<t 

~o ............. ..._.....__...,......,_,""""""""" ............ ~_J__jo 

0.0200(05080) 
0.0140(0.3556) 

UNIT: INCH(mm) MAX 
MIN 

0.600BSC 
-- (15240) ---
__ 0.550(13.970)_ 

0530( 13462) 

J 
'----+---' l 

\ l Jl I 
..-3'-11° -

UNIT : INCH(mm I ~l~X 

~Pi 
;Jfii 
~~ 

t 
BASE PLANE 

SEA TING PLANE 

=t:: 0 8 

~cll'rf={ =:lt===:=l=;h~:t 
0°-a'-I l- T 

07280(184912) ----1 ~~ , _____ 0.7200(182880)- (") 0 

ci ci 
00 
'<tN 

08 
ci ci 

0.0500(1.2700) 
00300(0 7620) 
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DESCRIPTION 

The HY628100 is a high speed low power, 
131,072 words by 8-bit CMOS static RAM fab
ricated using HYUNDAI's high performance 
twin tub CMOS process. This high reliability 
process coupled with innovative circuit design 
techniques, yields maximum access time of 
70ns. 

The HY628100 has a data retention mode 
that guarantees data to remain valid at a 
minimum power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltages 
from 2.0 to S.S volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY628100 family. 

M271200A-MAY92 

FEATURES 
• High speed- 70/85/100/120 ns (max.) 

• Low power consumption 
- 250m W typical operating 

- lOµW typical standby CULL-version) 

• Battery back up CULL-ve~ion) 
- 2 volt data retention 

• Fully static operation 
- No clock or refresh required 

• All inputs and outputs directly TIL compatible 
• Tri-state output 
• High reliability 32 pin 600 mil P-DIP and 525 

mil SOP 

HY628100-70 HY628100-S5 ·'HY628100-10 HY628100-12 

Maximum Access Time (ns) 

Maximum Average Operating Current (mA) 

Maximum Standby Current (mA) 

BLOCK DIAGRAM 

CONTROL 

CIRCUIT 

L 

LL 

512X2048 
MEMORY ARRAY 

• • • • 
COLUMN 1/0 

COLUMN DECODER 

70 

70 

2.0 

0.1 

0.05 

~Vee 

--OGND 

85 

70 

2.0 

0.1 

0.05 

NC 

A15 

A14 

A12 

A1 

As 
As 
~ 

A3 

Az 

A1 

Ao 
l/Oo 

vo, 
l/C2 

GND 

100 120 

70 70 

2.0 2.0 

0.1 0.1 

0.05 0.05 

PIN CONNECTIONS 

1 32 Vee 
2 31 A15 

3 30 CS2 

29 WE 
28 A13 NC Vee 

6 27 As 
A16 A15 
A14 CS2 

26 Ag A12 WE 
25 A11 A7 A13 

9 24 6E As As 
As Ag 

10 23 A10 A4 A11 

11 22 C51 AJ ae 
12 21 1/07 

Az Aio 
Ai cs, 

13 20 1/05 Ao 1107 

14 19 1/05 l/Oo 1/05 

15 
1/01 1/05 

18 l/04 J 1102 1/04 
16 17 1/03 GND l/03 

DIP SOP 

PIN NAMES 
]Q=At6_ ADDRESS INPUT 

l/Oo-1/07 DATA INPUT/OUTPUT 

CS1 CHIP SELECT ONE 

CS2 CHIP SELECT TWO 

WE WRITE ENABLE 

CiE OUTPUT ENABLE 

Vee POWER 
GND GROUND 
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HY628100 131,072X 8-Bit CMOS SRAM 

ABSOLUTE MAXIMUM RATINGSco 

. SYMBOL . ,, , •. J>~R . RATING 
:_:_ ~ 

Yoo. V1N, VI/o Power Supply, Input, Input/Output Voltage -o.5Ci) to 7.0 v 
Ts1As Temperature Under Bias -IO to 125 oc 

TsTo Storage Temperature -65 to 150 oc 

Po Power Dissipation 1.0 w 
lo UT Data Output Current 50 mA 

NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating condition for extended may affect reliability. 

2. - 3.SV for 20ns pulse. 

RECOMMENDED DC OPERATING CONDIDONS 
(TA=0°C to 70°C) 

SYMBOL PARAMETER MIN. ,· 

Vee Supply Voltage 4.5 

Vrn Input High Voltage 2.2 

V1L Input Low Voltage -o.5Cll 

NOTE: 
I. - 3.SV for 20 ns pulse 

TRUTH TABLE 

T\!P. 

5.0 

3.5 

-

MODE cs. CS2 WE 

H x x 
Standby x L x 

Output Disabled L H H 

Read L H H 

Write L H L 

NOTE: 
I. X: Hor L 

5-58 

MAX.· UNlT 
5.5 v 
6.0 v 
0.8 v 

OE J/0 OPERATION . 

x High-Z 

x High-Z 

H High-Z 

L Do UT 

x D1N 



HY628100 131,072X 8-Bit CMOS SRAM 

DC CHARACTERISTICS 
(Vee=SV± 10%, TA=0°C to 70°C) 

J7 7 ~ ~ 

SYMBoL PARAMETER .. 
:·· '...'.';..[: 

I Iu I Input Leakage Current 

I Iwl Output Leakage Current 

Ice Operating Power Supply Current 

Iee1 

Average Operating Current 

Iee2 

IIY628tOO 
T:EST. CONDIDONS 

ni>.(;t) 
...'... 

MIN, MAX. 

V1N=GND to Vee - - 1 

CS1 =Vrn or CS2=V1L or OE=V1tt 
- - 1 

or WE=V1i,, V1;o=GND to Vee 

CS1=V1L. CS2=Vrn, V1N=V1tt or V1L. 
- - 50 

Ivo =OmA 

Min cycle, Duty= 100% 

CS1=V1i,, CS2=Vrn - 50 70 

V1N=Vrn or V1L. Ivo =OmA 

Cycle Time=lµs, Duty=100% 

CS1 :::;_ 0.2V, CS2 z Vee-0.2V - - 40 

V1N 5 0.2V or;?: Vee-0.2V, Ivo =OmA 

lsB 

IsB1 
Standby Power Supply Current 

VoL Output Low Voltage 

Yott Output High Voltage 

NOTE: 

t. Vee=5V, TA=25°C 

AC CHARACTERISTICS 
(Vee=SV± 10%, TA=0°C to 70°C) 

READ CYCLE 

CS1 =Vrn or CS2=V1L 

CS1;?: Vee-0.2V, CS2:::;, 0.2V, 

V1N :::;, 0.2V or ::2::. Vee-0.2V 

loL=2.lmA 

lott=-1.0mA 

JIY628100-70 HY628100.:85 
··SYMBOL PARAMETER 

MIN. MAX. MIN. MAX.· 

tRe Read Cycle Time 70 - 85 -

iAA Address Access Time - 70 - 85 

tAes Chip Select Access Time - 70 - 85 

tcLz Chip Selection to Output in Low-Z 10 - 10 -

toE Output Enable to Output Valid - 35 - 45 

tou Output Enable to Output in Low-Z 5 - 5 -

tcHz Chip Deselection to Output in High-Z - 25 - 30 

tottz Output Disable to Output in High-Z - 25 - 30 

toH Output Hold from Address Change 10 - 10 -

- - 3 

- - 2 

L - 2 100 

LL - 2 50 

- - 0.4 

2.4 - -

HY628100-10 HY628100.: 12 

MIN. MAX. MIN~ MAX. 

100 - 120 -

- 100 - 120 

- 100 - 120 

10 - 10 -

- 50 - 60 

5 - 5 -

- 35 - 40 

- 35 - 40 

IO - IO -

UNIT 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

µA 

µA 

v 
v 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HY628100 131,072X 8-Bit CMOS SRAM 

WRITE CYCLE 

HY628100-70 HY628t00.85 HY628100. IO 'HY628100.ll 
S\'MBOL PARAMETER 

twc Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Set-up Time 

twr Write Pulse Width 

twR Write Recovery Time 

to Hz Output Disable to Output in High-Z 

twHZ Write to Output in High-Z 

tow Data to Write Time Overlap 

toH Data Hold from Write Time 

tow Output Active from End of Write 

AC TEST CONDIDONS 
(TA=0°C to 70°C) 

Input Pulse Level 0.8V to 2.4V 

Input Rise and Fall Time 

Input and Output Timing 

Reference Level 

CAPACITANCEco 
(TA=25°C, f=l.O MHz) 

S\'MBOL 

5ns 

1.SV 

PARAMETER 
C1N Input Capacitance 

Cuo Input/Output Capacitance 

NOTE: 
I. This parameter is sampled and not 100% tested. 

5-60 

MIN. 

70 

60 

60 

0 

55 

0 

-
-

30 

0 

5 

.. 

MAX. 
UNIT 

MAX. MIN; lVIAX· MIN. MIN. MAX~. = ~ 
- 85 - 100 - 120 - ns 

- 75 - 90 - 100 - ns 

- 75 - 90 - 100 - ns 

- 0 - 0 - 0 - ns 

- 65 - 75 - 85 - ns 

- 0 - 0 - 0 - ns 

30 - 30 - 35 - 40 ns 

25 - 30 - 30 - 30 ns 

- 35 - 40 - 50 - ns 

- 0 - 0 - 0 - ns 

- 5 - 5 - 5 - ns 

OUTPUT LOAD 

+sv 

NOTE: 
I. Including scope and the Jig. 

·coNDffiONS J\1,\X. 
·.·· .. : 

-,...c:__:.::. ...c:_ .. ·· ~"'-
VIN=OV 8 pF 

V11o=OV 10 pF 



HY628100 131,072X 8-Bit CMOS SRAM 

TIMING DIAGRAMS 

READ CYCLE let) 

V1H- --------""\.ll,-------------------------------------------------""'1,-----------------
Vil - ________ _,l"'----------------------------------------------------r1,------------------

OE 
V1H-
Vil-

•-----toe-----• 

CS1 
V1H-
Vil-

-tol2<5l-

CS2 V1H-
V1H-

tACS 

tcl2(5) 

DoUT 
VoH-

HIGH-Z 
Vol -

VALID DATA our 

READ CYCLE t 1
• 

2
• 

4
) 

IRC 

Ao-A1s 
V1H-
Vtl-

tAA 

IOH -toH-

DoUT VoH-
Vol - VALID DATA OUT 

READ CYCLE 3ci. 3• 4) 

CS1 
V1H-
Vtl-:--

tACS 

c~ 
V1H-
Vu:.- kl2(5) 

DoUT 
VoH-
Vol- HIGH-Z VALID DATA OUT 

NOTES: 
1. WE is high for Read Cycle. _ 
2. Device is continuously selected, CSt =Vu, CS2=V1H 
3. Addresses are valid prior to or coincident with CSt transition low, and CS2 transition high. 
4. OE=VtL 
5. Transition is measured ±5(KlmV from steady state. This parameter is sampled and not 100% tested. 
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HY628100 131,072X 8-Bit CMOS SRAM 

WRITE CYCLE I 

C&.2 

Dour 

5-62 

V1H -----"""1.,..----------------~ ,.----
V1H ------"1'"------------------"I"'-----
V1H _....,...,...,. .............. ..,... _______________ ...,__ .... _____ _ 

V1L - ..... --............. ..,1 

•-----tcw----• 

V1H _ --....... _...~~-------1 
(4) 

V1L - ............................... --............................. ,.._, _________ ...,.. __ .__ __ .__ __ ...... ...._ 

V1H
V1L - . __ .............. ...._ ........ _.._ ........ __ ........ _ 

V1H - -----+-"W'4"""""""'~-..---1 

V1L-

-tAS 
1----tWP(1)----I 

~::= ) ) ) ) ) ) ) ) ) ) ) ) 
ViH- ,-. tow--toH-~·-

-------HIGH-z------c{ VALID DATA IN 
V1L- • 

--··1 HIGH-z------+--------



HY628100 131,072X 8-Bit CMOS SRAM 

WRITE CYCLE ts) 

V1H-
ArA14 

V1L-

CS1 
V1H-

V1L--

CS2 
~ti-
V1L-

V1H_ 
WE 

V1L.--
-toH-

-tOWi9)- (6) (7) 

VoH-
DoUT 

VoL--

-tow--toH- (8) 

D1N 
V1H·-

---------HIGH-z-------""'11. VALID DATA IN 
V1L-

NOTES: 
I. A write occurs during the overlap(tWP) of low CSi, high CS2 and low WE. 
2. tWR is measured from the earlier of CSjor °Wt going high or CS2 going high to the end of write cycle. 
3. During this__period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not~ applied. 
4. If the CS1 low transition and the CS2 high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high 

impedance state. 
5. OE is continuously low (OE=V1L) for write cycle 2. 
6. DouT is the same phase of write data of this write cycle. 
7. Dom is the read data of next address. 

8. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied 
to them. 

9. Transition is measured ±500mV from steady state. This parameter is sampled and not 100% tested. 
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HY628100 131,072X 8-Bit CMOS SRAM 

DATA RETENTION CHARACTERISTICS<0 

(VA=0°C to 70°C) 

VoR 
VIN=O to Vee, CS1~.Vee-0.2V, 

Data Retention Supply Voltage 
CS2~Vee-0.2V ot OV~CS2~0.2V 

2.0 v 

L 2 so µA 
IeeoR 

Vee=3.0V, VIN=O to Vee, CS1~Vee-o.2v1 
CS2~Vee-0.2V or OV~CS2~0.2V 11----+----+-----+--+--------< LL 2 30 f!A 

Data Retention Current 

tcoR Chip Deselect to Data Retention Tune 
See Data Retention Timing Diagram 

Operating Recovery Tirpe 

NOTES: 
1. These characteristics are guaranteed for L and LL-version. 
2. TA=25't 

3. tRe=Read Cycle Time 

DATA RETENTION TIMING DIAGRAM 1 (CS1 Controlled) 

Vee---------... 
4.5V - ~ - - - - - - - - - -

V1H ---------
VoR1 - - - - - - - - - -

C51-----

DATA RETENTION MODE 

CS1 2: Vee -0.'lV 

0 

tRc(J) 

GN0 - - - - - - - - - - - - - - - - - - _ - - __ - _____________ ·- _ _ _ _ _ _ _ _ 

DATA RETENTION TIMING DIAGRAM 2 (CS2 Controlled) 

DATA RETENTION MODE 

Vee---------... 
4.5V - - - - - - - - - - - -

CS:!------
VoR2 

VoR ~ 2V 

CS2 s: 0.2V 

GND - - - - - - - - - - - - - - - - ______________________ _ 
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HY628100 131,072X 8-Bit CMOS SRAM 

PACKAGE INFORMATION 

• 32 PIN PLASTIC DUAL IN LINE PACKAGE-600 MIL 

I 
-$-----f-----$---

1 

, ________ 1.665(42.291) ______ _,., 

1.655( 42.037) 

i 

0.090(2.286) 
0.070( 1.778) 

0.062(1.575. II o.021(0.533) 
0.050( 1.21cit-1 r 0.015( 0.381) 

~~ 
0.100BSC ~,.; 
(2.540) ~'@ 

;; ;; 

0.600BSC 
(15.240) 

0:550( 13:970) 
0.530( 13.462) 

. MAX 
UNIT: INCH(mm) MiN 
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HY628100 131,072X 8-Bit CMOS SRAM 

• 32 PIN SMALL OUTLINE PACKAGE-525 MIL 

5-66 

I 

I 
i 
i 

--·---·---·-·t·-·------------

_0.050 BSC 
(1.270) 

i 

0.0200( 0.5080) 
--0.0140(0.3556) 

~)l::joo-tj:l-oif:i"'-t::l--t::l--tl--tl-of:l-tol::l-ol::l-ol:i-t:P-t:P-tl-l:i-tjll::~l~sASEPLANE 
) ,....._ SEATING PLANE 

------'-a:,'!!. 
,.._o 
C\J~ 

~i 
dd 

oo-ao 
-1 

UNIT: INCH(mm) ~~ 

0.0160(0.4064) 450 
0.0100(0.2540) 

0.0425( 1.0795) 
0.0235( 0.5969) 
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DESCRIPTION 

The HY234000 is mask-programmable 
ROM organized as 524,288 words by 8 bits. It 
is fabricated using HYUNDAI's CMOS pro
cess technology. The HY234000 operates with 
a 5V power supply and all inputs and outputs 
are TIL compatible. It satisfies user option mo
des with the polarity-programmable CS and 
OE. 

. i .• 
i 

i 
,HYl34000-;t6· 

_:_ t·;i 
Maximum Access Time (ns) 150 

Maximum Operating Current (mA) 40 

Maximum Standby Current (µA) 100 

i ; 

PRELIMINARY 

M611200A·MAY92 

FEATURES 

• Speed-150/200/250 ns (max.) 
• Power consumption (max.) 

- 220mW (operating) 
• Polarity-programmable pins 

- CS/CS, OE/OE/NC 
• All inputs and outputs 1TL compatible 
• Tri-state output 
• 32-pin 600 mil P-DIP and 440 mil SOP 

i • • i ., . ( 

~' 
. HY~is' i 

.. •L·HY~~ L . ·.·. 
200 250 

40 40 

100 100 

BLOCK DIAGRAM PIN CONNECTIONS 

A18 

2048X2048 

MEMORY ARRAY 

SENSE AMP 
& LATCH 

OUTPUT BUFFER 

NC 

A15 

A15 
A12 
A7 

Ae 
As 

A4 
A3 
A2 

Al 

Ao 
Do 
01 
02 

GND 

1 32 Vee 
2 31 A18 
3 30 A17 NC 10 
4 29 A14 A18 2 
5 28 A13 A1s 3 
6 27 Ae A12 4 

7 26 A7 5 
Ag Ae 6 

8 25 A11 As 7 
9 24 OE/OONC A4 8 
10 23 A10 A3 9 
11 22 CS/CS A2 10 

12 21 [>, A1 11 

13 20 Ds Ao 12 
Do 13 

14 19 05 01 14 
15 18 04 D2 15 
16 17 03 GND 16 

DIP 

PIN NAMES 

Ao-A1a ADDRESS INPUT 

Do-D7 DATA OUTPUT 

CS/CS CHIP SELECT 

o~ OUTPUT ENABLE 

Vee POWER 

GND GROUND 

N/C NO CONNECTION 

32 Vee 
31 A18 
30 A17 
29 A14 
28 A13 
27 Ae 
26 Ag 
25 A11 
24 OE!OONC 
23 A10 
22 CS/CS 
21 07 
20 Ds 
19 05 
18 04 
17 03 

SOP 
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HYl.14000 524,288 X 8-Bit MASK ROM 

ABSOLUTE MAXIMUM RATINGsc•) 

.SYMBOL 
:: ... 

PARAMETER . RAUNG ··: .·· UNIT 
Vnn, VIN, VIJo Power Supply, Input, Input/Output Voltage -0.5 to 7.0 v 

TsIAS Temperature Under Bias -10 to 85 "c 

TsTG Storage Temperature -65 to 150 "c 
NOTES: 
I. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED OPERATING CONDIDONS 

SYMOOL PARAME'fER MJN; T\'P. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 v 
Vm Input High Voltage 2.2 - 6.0 v 
V1L Input Low Voltage -0.5 - 0.8 v 
TA Ambient Temperature 0 - 70 oc 

6-2 



TRUTH TABLE 

MODE CS/CS. 

Not Selected L/H 

Output Disabled H/L 

Read H/L 

NOTE: 
1. X=Lor H 

DC CHARACTERISTICS 
(Vcc=5V± 10%, TA=0°C to 70°C) 

SYMBOL PARAMETER 

I Iu I Input Leakage Current 

I Iwl Output Leakage Current 

Ice Opreating Current 

Issi Standby Current(TIL) 

Isa2 Standby Current(CMOS) 

Yott Output High Voltage 

VoL Output Low Voltage 

HY234000 524,288X 8-Bit MASK ROM 

OE/OE Do-»? OPERATION 

xCO High-Z Standby 

UH High-Z Active 

H/L Do UT Active 

HY234000 
TEST CONDIDONS 

MAX. 
UNIT 

MIN. 

V1N=O to Vee - 10 µA 

VoUT=O to Vee - 10 µA 

f=6.7MHz, CS=OE=V1L - 40 mA 

All DoUT=open 

f=lMHz, CS=OE=V1L - 15 mA 

All DoUT=open 

CS=Vm, All DoUT=open - 2 mA 

CS=Vec, All DouT=open - 100 µA 

Iott=-lmA 2.4 - v 
IoL=2.lmA 0.4 v 

-
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HY234000 524,288X 8-Bit MASK ROM 

AC CHARACTERISTICS 
(Vcc=5V± 10%, TA=0°C to 70°C) 

~ 

HY2}~00(H5 ll\'~20,• .~HY~~· 
,. 

SYMBOL P~TER' 
MIN,, l\:IAX. ~·~ MU. MIN~ , . MAX.·.• QNfi 

~ ', 

tRc Read Cycle Time 150 200 250 · ns 

tM Address Access Time 150 200 250 ns 

tAcs Chip Select Access Time 150 200 250 ns 

toE Output .Enable Time 70 80 100 ns 

tnH Data Hold Time 10 10 10 ns 

tnF Data Floating Time 60 80 100 ns 

CAPACITANCE 
(Vcc=5V± 10%, TA=0°C to 70°C, f=lMHz) 

SYMBOL PARAMETER TEST CONDIDON _r. lYPE MAX 'QN1T 
CIN Input Capacitance VIN=OV - 10 pF 

Co UT Output Capacitance VoUT=OV - 10 pF 
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HY234000 524,288X8-Bit MASK ROM 

AC TEST CONDIDONS 

Input pulse level 0.6V to 2.4V 

Input rise/fall time lOns 

Input reference level 1.5V 

Output reference level 0.8V and 2.0V 

Output load 1 TTL Gate and CL=lOOpF 

TIMING DIAGRAMS 

READ CYCLE 

------tAA-------1 

cs1csC1) 

.------~E------

-
NOTES: 
1. Cs is low active. CS is high active. 
2. OE is low active. OE is high active. 
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HY234000 524,288 X 8-Bit MASK ROM 

PACKAGE INFORMATION 

• 32 PIN PLASTIC DUAL IN LINE PACKAGE-600 MIL 

cici 

6-6 

I 
-$-------i-----0---

1 

, _________ 1,665(42.291 ) ________ , 

1.655( 42.037) 

0.090(2286) 
0.070( 1. 778) 

0.062(1.575) JL.0.021W533). 
0.050( 1.270) 0.015( 0.381) 

c:o 00 L!)3 
.. o.1oossc ~ M 

(2540) oo 
<t N 

;;;; 

--o600BSC_ 
(15.240) 

-o.550(13.97oJ
o.53oC 1 3.462 J 

l 
J_ l 

\. J 
T 

MAX 
UNIT : INCH(mm) MtN 

1 0.014(0.356) ) 
- \...-o.oOB(0.200 



• 32 PIN SMALL OUTLINE PACKAGE-440 MIL 

I 
i 
i 

-----·---·-·t·-·-·----------

_0.050 BSC 
(1.270) 

00200(05080) 
- 0.0140(0.3556) 

BASE PLANE 

HY234000 524,288X 8-Bit MASK ROM 

UNIT: INCH(mm) ~~ 

0.0160(0.4064) 450 
0.0100(0.2540) 

t f SEATING PLANE 

0 2
, ______ o.81ooc20.5740J ______ 1 ~ '° 00-80 

_

1 

_o.0425(1.0795) 
~ "- 0.8040(20.4216) g: 0 
~ ~ C\I T""" 

§§ ~E 
cici oo 

0.0235( 0.5969) 
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DESCRIPTION 

The HY234001 is mask-programmable 
ROM organized as 524,288 words by 8 bits. It 
is fabricated using HYUNDAI's CMOS pro
cess technology. The HY234001 operates with 
a SV power supply and all inputs and outputs 
are TIL compatible. It satisfies user option mo
des with the polarity-programmable OE. 

7C 

HY234001;;15 
•c. 

--" 

Maximum Access Time -(ns) 150 

Maximum Operating Current (mA) 40 

BLOCK DIAGRAM 

Ao-

12 32 2048X2048 

MEMORY ARRAY 

16 

SENSE AMP 

& LATCH 

OUTPUT BUFFER 

Do• • . . • • D1 

PRELIMINARY 

FEATURES 

• Speed-150/200/250ns (max.) 
• Power consumption (max.) 

- 220mW (operating) 
• Polarity-programmable pin 

- OEJOEJNC 

• All inputs and outputs ITL compatible 
• Tri-state output 
• 32-pin 600 mil P-DIP and 440 mil SOP 

'.ff\'234001'.'20 cc HY234001-25 

200 250 

40 40 

PIN CONNECTIONS 

A11 1 32 Vee 

A1a 2 31 OE1/0E1/Ne 
A1s 3 30 NC A11 32 Vee 
A12 4 29 A14 A18 31 OE1/0E1/NC 
A1 s 28 A13 A1s 30 NC 

At; 6 27 Aa A12 29 A14 

As 26 "'9 A1 28 A13 
At; 27 Aa 

~ 25 A11 As 26 Ag 
A3 9 24 A15 ~ 25 A11 
A2 10 23 A10 A3 24 A16 
A1 11 22 ~ A2 23 ~ 
Ao 12 21 D1 A1 11 22 OE 

Do 13 20 D5 Ao 12 21 D1 
Do 13 20 D5 

D1 14 19 Ds D1 14 19 Ds 
D2 1S 18 D4 D2 15 18 D4 

GND 16 17 D3 GNu 16 17 D3 

DIP SOP 

PIN NAMES 

Ao-A1a ADDRESS INPUT 

Do-07 DATA OUTPUT 

OE OUTPUT ENABLE 

OE1/0E1 OUTPUT ENABLE 

Vee POWER 

GND GROUND 

N/C NO CONNECTION 
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HY234001 524,288X 8-Bit MASK ROM 

ABSOLUTE MAXIMUM RATINGSco 

SYMBOL PARAMETER RATING UNIT 

Yoo, VIN, VI10 Power Supply, Input, Input/Output Voltage -0.5 to 7.0 v 
TBIAS Temperature Under Bias -10 to 85 oc, 

TsTG Storage Temperature -65 to 150 "c 
NOTES: 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED OPERATING CONDIDONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 v 
VIH Input High Voltage 2.2 - 6.0 v 
V1L Input Low Voltage -0.5 - 0.8 v 
TA Ambient Temperature 0 - 70 oc 
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TRUTH TABLE 

MODE OE 

Output Disabled H 

Output Disabled x 
Read L 

NOTE: 

1. X=Lor H 

DC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

SYMBOL PARAMETER 

I Iu I Input Leakage Current 

I Iw I Output Leakage Current 

Ice Opreating Current 

Yott Output High Voltage 

VoL Output Low Voltage 

HY234001 524,288X 8-Bit MASK ROM 

OE1/0E1 Do·-D1 
; OPERATION 

x(l) High-Z Non-selected 

IJH High-Z Non-selected 

H/L Dom Active 

HY234001 
TEST CONDIDONS I UNIT 

MIN. MAX. 
/. 

V1N=O to Vee - 10 µA 

Vom=O to Vee - 10 µA 

f=6.7MHz, VIN=VmN1L - 40 mA 

All Dom=open 

f= lMHz, VIN=VmN1L - 15 mA 

All Dom=open 

Iott=-lmA 2.4 - v 
IoL=2.lmA 0.4 v 
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HY234001 524,288X8-Bit MASK ROM 

AC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

,'') :·/ 

,s~t. 
I,,/•\. 

tRc Read Cycle Time 

tAA Address Access Time 

loE Output Enable Time 

toH Data Hold Time 

toF Data Floating Time 

CAPACITANCE 
(Vcc=SV± 10%, TA=0°C, f=lMHz) 

S\'Nm(}L' i;ARAMET£ll. 

C1N Input Capacitance 

Cour Output Capacitance 

6-12 

H'\:'2.1400HS L 
MIN. MAX• I 

150 

150 

70 

10 

60 

TEsT CONDIDON . 

VIN=OV 

·voUT=OV 

fM340()HO· HY234'001~15 
. 

ONtr MIN. MAX. MIN• l\tt:AX~ 

200 250 ns 

200 250 ns 

80 100 ns 

10 10 ns 

80 100 ns 

T\'PE 
:.1 ,MAX -,,- UNIT 

- 10 pF 

- 10 pF 



HY234001 524,288X 8-Bit MASK ROM 

AC TEST CONDIDONS 

Input pulse level 0.6V to 2.4V 

Input rise/fall time lOns 

Input reference level 1.5V 

Output reference level 0.8V and 2.0V 

Output load 1 TIL Gate and CL=lOOpF 

TIMING DIAGRAMS 

READ CYCLE 

1----------tRc--------~• 

1-------tAA-------1 

-toF-

-foH-.· 

VALID DATA • 
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HY2.14001 524,288X 8-Bit MASK ROM 

PACKAGE INFORMATION 

• 32 PIN PLASTIC DUAL IN LINE PACKAGE-600 MIL 

6-14 

I 
-$-----t-----0---

1 

, ________ 1.665(42.291'--------1 

0090(2.286) 
0.070( 1.778 ~ 

1.655( 42.037) 

0.062(1.575) JI. 0.021 (0.533) .. 
0050(1.270) 0.015(0381) 

(0 00 
I{) 3 

"0.100BSC ~ M 
(2540) ~§ 

ciO 

----... 

UNIT: INCH(mm) ~: 

_o.600ssc_ 
(15.240) 

-o.550( 13.970)--+ 
0 530( 13.462) 

1 
J i 1 

l J 
I 

-3'~''' ~ 00,4(0.356) 
- - o·.oos(o.2ool 



• 32 PIN SMALL OUTLINE PACKAGE-440 MIL 

_o.050 BSC 
(1.270) 

0 0200( 0.5080) 
- 0.0140( 0.3556) 

HY234001 524,288X 8-Bit MASK ROM 

UNIT : INCH(mm) ~~x 

0.0160(0.4064) 45'-+ 
0.0100(0.2540) 

0°-8° 

I 
0.0425( 1.0795) 

- r·- o.0235(0.s969) 
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DESCRIYTION 

The HY234100 is mask-programmable 
ROM organized as 524,288 words by 8 bits or 
262,144 words by 16 bits. It is fabricated using 
HYUNDAI's CMOS process technology. The 
HY234100 operates with a SV power supply 
and all inputs and outputs are TIL compatible. 
It satisfies user option modes with the polarity
programma ble CS and OE. 

L· 

-:::::::- :-:;- "'7". 

. H\!Zl4tbtJ..~5 
.. • 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Maximum Standby Current (µA) 

BLOCK DIAGRAM 

A11 _ 

a: 
UJ 
LL 
LL 
;:::) 
CD 

ill 
a: 
Cl 

~ 

2048 x 2048 

MEMORY ARRAY 

SENSE AMP 

& LATCH 

OUTPUT BUFFER 

lSO 

so 
100 

CS/CS OE/OE BHE/NC Do • • • • • • D1s 

~ 
.··I 

M621201 A·MAY92 

FEATURES 

• Speed- 150/200/250 ns (max.) 
• 524,288x8/262,144x16 bit organization 
• Power consumption (max.) 

- 275m W (operating) 
• Polarity-programmable pins 

- CS/CS, OE/OE/NC 
• All inputs and outputs 1TL compatible 
• Tri-state output 
• 40-pin 600 mil P-DIP 

HYU4tOtJ.;,zt·.1 
i. .HY~t~ls,.~ I 

200 2SO 

so so 
100 100 

PIN CONNECTIONS 

A17 As 
A1 Ag 

As 3 A10 
As 4 A11 
~ 5 A12 
A3 6 35 A13 
A2 7 34 A14 
A1 8 33 A15 

Ao 9 32 A16 

CS/CS 10 BHE 

GND 11 GND 

OEJOONC 12 29 D1s/A·1 

Do 13 28 D7 

Da 14 27 D14 

D1 15 26 D5 
Dg 16 25 D13 
D2 17 24 D5 

010 18 23 D12 
D3 19 22 04 

011 20 21 Vee 

DIP 

PIN NAMES 

Ao-A11 ADDRESS INPUT 

Do-D1 DATA OUTPUT 

D1s/A-1 DATA 15-WORD MODE/ 

LSB ADDR-BYfE MODE 

CS/CS CHIP SELECT 

OE/OE OUTPUT ENABLE 

BHE BYTE HIGH ENABLE 

Vee POWER 

GND GROUND 

N/C NO CONNECTION 
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HY234100 512KX 8/256KX 16-Bit MASK ROM 

ABSOLUTE MAXIMUM RATINGsco 

SYMBOL 
7 -:c "7' 

PARAMETER RA.TING "_e_" I __::_ __:,~ UNIT 

Von, VIN Vvo Power Supply, Input, Input/Output Voltage -o.s to 7.0 v 
TaIAs Temperature Under Bias -10 to 85 oc 
TsTG Storage Temperature -65 to ISO oc 

NOTES: 
1. Stresses greater than those listed under ABSOLUTE MAXIMUM may cause permanent damage to the device. This is a stress ratings only and functional operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect reliability 

RECOMMENDED OPERATING CONDIDONS 

SYMBOL PARAMtTER MIN. 1YP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 v 
Vm Input High Voltage 2.2 - 6.0 v 
V1L Input Low Voltage -o.s - 0.8 v 
TA Ambient Temperature 0 - 70 oc 
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HY234100 512KX 8/256KX 16-Bit MASK ROM 

.ii.. ... Jl>YA~l. 
Not Selected L/H X X 

Output Disable H/L L/H X 

Read H/L 

NOTE: 1. X=L or H 

DC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

H 
H/L 

L 

. ., ~"{A· , "• ·:;_,: ·· ·.,, . ,.. · J ., >:1 ,_.. .. : i 

~ntBQl{ . -~~~' >r..: 
--,~ >:::,~~ ?,~~,· ~ _'"/ ,':, .·:·~:," ::~ 

"'{ES"f. CONDµl(>,NS 

I Iu I 

IIwl 

Ice 

ls BI 

lss2 

Vott 

VoL 

.· .:::.... :;; : • :· .:· :J _•:_ ... 

Input Leakage Current 

Output Leakage Current 

Operating Current 

Standby Current (TIL) 

Standby Current (CMOS) 

Output High Voltage 

Output I.ow Voltage 

VIN=O to Vee 

VoUT=O to Vee 

f=6.7MHz, CS=OE=V1L 

All DoUT=open 

f=lMHz,.CS=OE=V1L 

All DoUT=open 

CS=Vrn, All DoUT=open 

CS=Vcc, All DoUT=open 

x 
x 

Output 

Input. 

: . 

f: 
L l)'ATJ} OPERl\;UON 

High-Z Standby 

High-Z Active 

Do-Dis Active 

Do-D1 Active 

av?J4ioo · -" 
:_}_ UNIT 

MIN. ::I: .,MJ\X t· .. 
10 µA 

10 µA 

50 mA 

20 mA 

2 mA 

100 µA 

2.4 v 
0.4 v 
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HY234100 512KX 8/256KX 16-Bit MASK ROM 

AC CHARACTERISTICS 
(Vcc=SV± 10%, TA=0°C to 70°C) 

·.,.,, 

•·· .. H\'.2'.Wl00-1.5 ·.·. .·. 'aYl.14100-~ tn'.2341®-~- . .. toor. 
SVMBQL l>ARAM£TER· 

. ..::., MIN • MAX.. MIN~ MAX lVIIN .. · .MAX; •. .. 

tRC Read Cycle Time . 150 200 250 ns 

tAA Address Access Time 150 200 250 ns 

tACS Chip Select Access Time 150 200 250 ns 

toE Output Enable Time 70 80 100 ns 

toH Data Hold Time 10 10 10 ns 

toF Data Floating Time 60 80 100 ns 

CAPACITANCE 
(Vcc=5V±10%, TA=0°C to 70°C, f=l MHz) 

SYMBOL PARAMETER TEST coNDmoN 1YP. .. ··MAX. uNrr 
clN Input Capacitance V1N=OV - 10 pF 

Co VT Output Capacitance VoUT=OV - 10 pF 

6-20 



AC TEST CONDffiONS 

Input Pulse Level 0.6 to 2.4V 

Input rise/fall time lOns 

Input reference level 0.8V and 2.0V 

Output load 1 TIL Gate and CL=l()()pF 

TIMING DIAGRAMS 

READ CYCLE 

Aoo 
~-A11 
A-1( *1) 

CE/CE 

OE/OE 

Dour 

CE : ACTNE LOW 

CE : ACTIVE HIGH 

OE : ACTIVE LOW 

OE : ACTIVE HIGH 

Do-D1 
Da-D1s(*2) 

NOTES: 

ADD1 

( * 1) Byte Mode only. A-1 is Least Significant Bit Address.(BHE=Vu) 
(*2) Word Mode only. (BHE=Vm) 

HY234100 512KX 8/256KX 16-Bit MASK ROM 

ADD2 

toH 

VALID DATA 

• 
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HY234100 512kX 8/256KX 16-Bit MASK ROM 

PACKAGE INFORMATION 

• 40 PIN PIASTIC DUAL IN LINE PACKAGE-600 MIL 

--$----~t----e--

__________ 2.075(52.705) ___________ .. , 
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- 0.095(2.413) 
0.075( 1.905) 

2.055(52.197) 

0.062(1.575) 
- 0.050(1.270) 

- ~ 0.021(0.533) -
0.015( 0.381) -o.1oossc 

(2.540) 

MAX 
UNIT : INCH(mm) -

MIN 

_o.oooBSc __ 
(15240) 

--0.550(13.970)-
0.530(13.462) 

L 

_:::::r_ l 
I 

11 0014(0.3f>6) 
--,,- ci.oos(o.ZOO) 
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DESCRIPI10N 

The HY93C46 is a 1,024-bit non-volatile mem
ory organized as 64 registers of 16 bits each. 
Data can be written into or read out serially by 
most microprocessors or microcontrollers. 

Uata is stored in a floating-gate cell with long 
data retention capability until updated by an 
erase or write cycle. The HY93C46 has been 
designed for applications requiring up to ten 
thousand erase/write cycles per register. Fabri
cated using advanced CMOS EEPROM tech
nology, the HY93C46 offers very low power con
sumption. A standby mode is provided by chip 
select input (CS) to further reduce the power 
consumption by over 80%. 

And to satisfy our customer's requirement, 
SO package is avaliable. 

BLOCK DIAGRAM 

Vee e-
GNDO--

CS er----·------1 GENERATOR 
SK~---------' ,__ __ ..... 

f 

M311201 B-APR91 

FEATURES 

•CMOS Technology 
•Low· cost 
• TfL compatible 
• 5V only erase and write(5V ± 10%) 
• 64 X 16 serial read/write memory 
• Simple interfacing 
• Low standby power 
• Reliable floating-gate technology 
• Self-timed programming cycle 
• Device status signal 
• Compatible with NMC9346/COP495 
•Long data retention (10 years) 
• 8 pin 300 mil P-DIP and 150 mil SOP 

PIN CONNECTIONS 

cs 8 Vee 

SK NC NC 10 

DI 6 NC 
Vee 

DO 4 GND 
SK 4 

DIP SOP 

PIN DESCRIPTION 

8 

SK Serial Clock ; External user clock shifts data into 

or out of the HY93C46. 

NC 

GND 

DO 

DI 

cs Chip Select ; Enables internal logic when high. Note 

CS must be brought low between instruction. 

DI Serial Data In ; Data bits and instructions are 

shifted in through this pin under control of SK 

and CS. 

DO Serial Data Out ; Data is shifted out from this pin 

under SK and CS control. DO is active during data 

output( READ) or while checking status (See 

WRITE/ERASE Cycles). It is in high impedance 

state at all other periods. 

Vee Power Supply(+ SV) 

GND Gj<>und 

NC No Connection 
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HY93C46 64X 16-Bit CMOS SERIAL EEPROM 

ABSOLUTE .MAXIMUM RATINGsco 

VTERM Voltage on Any Pin Relative to GND -0.3 to 6.5 v 
Ambient Operating Temperature· Standard 0 to 70 oc 

TA 
Extended -40 to 85 "c 

Tsm Ambient Storage Temperature -55to150 oc 
NOTE: 
1. Exceeding these ratings could cause permanent damage to the device. These are stress ratings only and functional operation of this device at these or any 

other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC CHARACTERISTICS 
(TA=cfC to 70°C, Vcc=SV±10%, unless otheiwise specified) 

Operating Current 
Ice 

(Program and ERAL modes) 

Iccss1 
Standby CUITent 

TTL Levels 

Iccss2 
Standby Current 

CMOS Levels 

V1L Input Voltage Low 

Vrn Input Voltage High 

VOL Output Voltage Low 

VoH Output Voltage High 

I Iu I Input Leakage Current 

I Iw I Output Leakage Current 

AC CHARACTERISTICS 
(TA=O~'c to 70 C, Vcc=SV±10%) 

. S\'MBOL ~' PARA~~~#~~.~? 
fsK Serial Clock Frequency 

tsKH Clock High Time (2) 

ts KL Clock Low Time(2) 

Chip Select High to 
tcss 

Serial Clock High Delay 

Serial Clock Low to 
tcsH 

Chip Seiect Low Delay 

tms Data Setup Time(WRITE) 

toIH Data Hold Time(WRITE) 

Serial Clock to Output 
tpDO, I 

Delay 

tE/W Self· Timed Program Cycle 

tcs Min. CS Low Time (3) 

.tsv CS High to Status Valid Delay 

toH, tm Falling Edge of CS to DO High-z 

NOTES: 

Vcc=5.5V, CS=VIH, SK=VIH 

Vcc=5.5V 

Vcc=5.5V, CS=V1L, SK= Vm, 

DI=V1L. VIH=2.4V, V1L =0.8V 

Vcc=5.5V, CS=V1L, SK=Vm, 

DI=V1L. VIH=5.2V, V1L =0.3V 

loH=-0.4mA 

VouT=GND to Vee, CS=OV 

-:r~ L} ; it ~Q1'1Prt(Q~ .' , '~ 

VoL=0.8V, VoH=2.0V, CL=IOOPF 

V1L =o.45V, Vm=2.4V 

CL=lOOpF 

3 mA 

3 mA 

mA 

400 µA 

-0.t 0.8 v 
2.0 Vee+ I v 

0.4 v 
2.4 v 

IO µA 

IO µA 

M'!N .. :~, ·;. ~i;~~·.;•'·' 'iiNir· 
•( 

0 250 kHz 

1 µs 

I µs 

200 ns 

0 ns 

400 ns 

400 ns 

2 µs 

IO ms 

I µs 

I µs 

400 ns 

2. The SK frequency spec. specifies a minmum SK clock period of 4 µs, therfore in an SK clock cycle tsKH+tsKL must be greater than or equal to 4 µs. 
e.g., if tsKL = lµs then the minimum tsKH=3µs in order to meet the SK frequency specification. 

3. CS must be brought low for a minimum of Iµs Ctcs) between consecutive instruction cycles. 
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HY93C46 64X 16-Bit CMOS SERIAL EEPROM 

INSTRUCTION SET FOR HY93C46 
"" .• --cc 

START 
INSTRUCllON OPCODE. ADDRESS DATA COMMENTS > 

.. BIT .. h 

READ 1 10 As, A-4, A3, Ai, Ai, Ao Read Register As, A-4, A3, Ai, Ai. Ao 

WRITE 1 01 As, A-4, A3, Ai, Ai, Ao D15"Do Write Register As, A-4, A3, Ai, Ai. Ao 

ERASE 1 11 As, A-4, A3, Ai, Ai, Ao Erase Register As, A-4, A3, Ai, Ai, Ao 

EWEN 1 00 llxxxx 

EWDS 1 00 OOxxxx 
ERAL 1 00 lOxxxx 

WRAL 1 00 Olxxxx 

FUNCTIONAL DESCRIPTION 

The HY93C46 is a small peripheral memory 
intended for use in applications which require 
non-volatile storage of data. The HY93C46 is 
organized as 64 registers of 16 bits. Seven 9-bit 
instructions control the read, write and erase 
operations of the device. The HY93C46 oper
ates on SV(± 10%)supply. The high voltage re
quired for programming is generated by an on
chip circuit which is enabled only during the 
write, erase, and chip erase modes to prevent 
spurious programming during other modes. 
The data out( DO) pin is also used as the status 
pin during self-timed programming cycles to 
indicate the ready/busy status of the device. All 
operations of the HY93C46 begin with the load
ing of an instruction to the device. Each of the 
7 instructions has a logical "1" as a start bit, two 
op code bits followed by 6 bits of address.(See 
instruction set table for the HY93C46) 

READ 
After a read instruction is received, the data 

stored in the register specified by the address 
fields of the read instruction is transferred to 
a 16-bit serial shift register. Data can be shifted 
out through the DO pin by applying the clock 
pulses to the Serial Clock (SK) input. Note that 
a dummy bit(logical"O") precedes the 16-bit 
data output string. The data at the Data Out pin 
changes on the low to high transition of the 
serial clock. 

Erase/Write Enable 

Erase/Write Disable 

Erase All Registers 

D15"Do Write All Registers 

ERASE/WRITE ENABLE AND DISABLE 
On power-up, the HY93C46 is set to the pro

gramming disable state. In order to program the 
device, it must be set to the programming en
able state by executing an EWEN instruction. 
After data is written into the device, an EWDS 
instruction may be executed to prevent acci
dental programming of the HY93C46. The 
read instruction, however, is independent of the 
device's programming state. 

ERASEC4) 

The registers in the HY93C46 must be erased 
(all bits set to logical "l") before new data can 
be written into the registers. After the erase in
struction is loaded into the HY93C46, Chip 
Select( CS) must be pulled low. The falling edge 
of this signal initiates the self-timed program
ming cycle. If CS is brought high after a time 
equal to tcs, the DO pin will indicate the 
ready/busy status of the device. The DO pin 
will remain low as long as the HY93C46 is still 

in the programming mode, and the return of 
this signal to logical "1" indicates the device is 
now ready for the next instruction. The register 
erase instruction (ERASE) will erase the data 
in the register that is addressed by the address 
field of the instruction. Chip Erase instruction 
(ERAL) will cause all registers in the device 
to be erased. 
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HY93C46 64X 16-Bit CMOS SERIAL EEPROM 

WRITE<4> 

After a write instruction is loaded into the 
HY93C46 16 bits of data must also be loaded 
into the device. After the last bit of data is load
ed, Chip Select (CS) must be brought low be
fore the next rising edge of the serial clock. The 
high to low transition of CS will initiate a pro
gramming cycle to the register whose address 

NOTES: 

was specified in the write instruction. If CS is 
again allowed to return to logical "1" after tcs, 
DO can be examined for the ready/busy status 
of the device. Note that the register to be written 
into must have its data previously erased. The 
chip write instruction (WRAL) is normally 
used only by the manufacturer to guarantee 
write/erase endurance of the chip during test 

4. During a programming mode( write, erase, chip erase, chip write), SK clock is only needed while the actual instruction, i.e., start bit, op code, 
aj1dress and data, is being input. It can remain deactivated during the selftimed programming cycle and starus check. 

AC TEST CONDIDONS 

Input Rise and Fall Times 

Timing Measurement Levels : Input 

Output 

Output Load 

TIMING DIAGRAMS 
SYNCHRONOUS DATA TIMING 

l--4µs~1 

SK ---r-:::btsKL_,---___ _ 

DI 

cs 

DO 

~;rt" - _l-_~_:~_1 ___ _ \J _____ I 

•This is the minimum SK period. 
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IOns Max. 

1.5V 

I.SY 

See Figure 1 

EQUIVALENT 
AC TEST CIRCUIT 

Figure 1 

Douro-----4' 

soon 

I 100pF 



TIMING DIAGRAMS 

READ 

SK UUU1.Jl.;JlJ1J"""LJJD--fl--J 
cs I · , . ,-- - ------. 

1 1 0 ~ . 
DI ~ \ I -1-toH.l1H 
DO HIGH-Z HIGH·Z-

WRITE 

SK U-U-VVl.Sl.n.f1...fUUl_r 
-tcs-

cs I ~,- I CHECK STATUS 

- tsV -I 1 .. -l1H 

DO HIGH-Z I ~,BUSY ~HIGH·Z-
----~-~--.. 1 

EWEN/EWDS 

SK I I I I I I I I I I I I I I I I I I I I 

I 
-- H-, 

cs '~---S-T-AN_D_B_v ______________________________ ___ 

_r\o of ~<~ 
DI . ENABLE= 11 

DISABLL=OO 
'I v. 

II 

~ w 
n 
~ 

~ 
x 
"""" '?" 
~ -n 
s 
rJJ 

~ 
~ 
~ 
3: 



~ 

ERASE 

SK U1.f 1....rLri 
-tcs-.. cs/ ,.- ---, STANDBY 

~ HIGH-Z 

DI 

DO HIGH-Z I I J 

ERAL 

SK 

~1- , STANDBY 

0 0 
DI 

-tsv___ ,, -I 1-t1H 
DO HIGH·Z ~w READY '-----HIGH-z-----

... ---w----.. 

WRAL 

SK 1JlJUVUl...fUl_ 
-tcs-cs/- - - -

STANDBY 

-tsvp•I -t1H 
DO HIGH-z--------------~.~f----r----~· ~SY . READY HIGH·Z• 

----lEJW-

~ 
~ 
t 
x 
~ 

~ 
~ -n 
~ 
0 
r:J). 

r:J). 

~ 
~ 
~ 

~ 
~ 



HY93C46 64Xl6-Bit CMOS SERIAL EEPROM 

PACKAGE INFORMATION 

• 8 PIN PLASTIC DUAL IN LINE PACKAGE-300 MIL 

0.385(9.779) ----· , ____ 0.365(9.271) 

--'----1 

0.050( 1 .270)_ 
0.030(0.762) 

i 
i 
i 
I-

0.065(1.650)~ 
0.050(1.270) -

0.021 (0.533) 
0.015(0.381) 

I 
0.100 BSC - 'iB~ 

c2.540) ;~ 

~~ 
dd 

• 8 PIN SMALL OU1LINE PACKAGE-150 MIL 

0.050 bsc. 
(1.270) 0.0192(0.4877) 

0.0138(0.3505) 

UNIT : INCH(mm) ~: 

0.300 BSC , ___ (7.620) ___ , 

__ 0.260(6.604)_ 

?.240(6.096) 

UNIT : INCH(mm) MAX 
MIN 
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DESCRIPTION 

HYUNDAI's HY93C46 serial EEPROM 
provides a practical solution to a number of 
typical problems encountered in some micro
processor applications. These problems include 
; the loss of data during a p0wer shut-down, the 

absence of external address and data buses, the 
need for additional batteries and the meeting 
of special power on/off requirements. 

Typical byte wide EEPROMs require a sep
arate address bus and data bus to interface with 
a MPU. Most single-chip microcomputers 
have no external data or address bus, and often 
require non-volatile storage of data in the event 
of a power shut-down, whether planned or un
planned. One solution is to ·employ a single chip 
microcomputer with a power down standby 
mode for its on-chip RAM. However, this solu
tion requries an additional battery and is inher-

Figure 1. Functional· Block Diagram 

DI o ___ J, 

SKv-----11 

CSv-----ll 

INSTRUCTION 

REGISTER 

INSTRUCTION 

DECODER 

CONTROL 

Vpp 

GENERATOR 

M311801 B-APR91 

ently low inreliability and longevity, and has 
special power on/off requirements. 

The HY93C46 is a 1,024-bit electrically eras
able PROM with 64-registers of 16-bits. Be
cause data is written in or read out from the 
device serially, no address bus or data bus is 
required - resulting in a low pin count package 
(8 pin DIP), and easy interface with any micro
processor-based system via 1/0 ports of a MPU. 

The HY93C46 is fabricated in floating-gate 
CMOS EEPROM technology for very low 
power consumption between 33%-50% of 
typical NMOS devices. Deselecting the device 
will further reduce power consumption more 
than 80%, about 10% of NMOS standby 
current. The HY93C46 operates on SV ± 10% 
power supply. High voltage required for 
programming is generated on-chip and 
controlled by internal logic. 

6 ADDRESS BITS 

DATA REGISTER 

t 
EE PROM 

64x16 

DO 
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HY93C46 APPIJCATION NOTE 

PIN DESCRIPTIONS 

SK-Serial clock : Clock generated externally 
by user for shifting data into 
or out of the HY93C46 

CS-Chip select : When high enables the inter
nal logic of the device. Note 
that CS must be brought low 
between instructions. 

DI-Data in: Serial data a input; instruct
ions and data bits shift in 
from this pin under the con
trol of SK and CS. 

DO-Data out : Serial data output; data is 
shifted out from this pin un
der control of SK and CS. 
DO is also used to monitor 
the ready/busy status of the 
device. DO is active only dur
ing data· output or during 
the status checking period of 
WRITE/ERASE cycles. It is 
in high impedance state dur
ing all other periods. 

FUNCTIONAL DESCRIPflON 

The HY93C46 has seven instructions, which 
are 9-bits in length (see instruction set table for 
the HY93C46). 

Each 9-bit instruction begins with a "1" as 
the start bit. The HY93C46 has 2 opcode bits 
and 6 address bits for READ, WRITE, and 
ERASE;or it has 4 opcode bits(2 imbedded in 
the address field) for the remaining instructions 
(ERASE/WRITE enable and disable. ERASE 
/WRITE all Register.) The address bits become 
dont't cares for these four instructions. On 
power-up, the HY93C46 is set to the program
ming disable state. This protects the device from 
accidental ERASE or WRITE during system power
up. To execute a WRITE or ERASE instruction, 
an EWEN(erase/write enable) instruction must 
be executed first. After data is written into the de
vice, an EWDS instruction may be executed to 
disable the erase/write logic and prevent acciden
tal programming. 

7-10 

READ 
To read data out of the HY93C46, first shift 

in the 9-bit instruction. The address of the de
sired memory location is encoded in the address 
field of the read instruction. Note that the chip 
select pin( CS) must be· brought low for a mini
mum of lµs between consecutive instru~tion 
cycles to synchronize the internal logic of the 
device. To reduce the possibility of accidental 
programming, execute an EWDS instruction 
after each write operation and deselect the de
vice( CS low) after each operation. Note further 
that data placed on the DI pin must be stable 
and satisfy the data setup time for the device 
(400ns), before the low-to-high transition of the 
serial clock (SK) input. 

After the last address bit is shifted into the 
HY93C46, data from the memory location will 
be transferred to the data shift register and will 
be ready to be shifted out under the control of 
the shift clock(SK). A dummy "O'' bit always 
preceeds the 16-bit output data. This dummy 
bit will be placed on the DO pin after the low
to-high transition of SK input for the last bit of 
the instruction and should be ignored. Start 
reading the first data bit that is shifted out after 
the next low-to-high transition ofSK(see Figure 
2). 

ERASE 
When the HY93C46 is erased, memory bits 

are set to logic "1" (i.e., reading an earsed mem
ory location will get 16 ones). To erase a mem
ory location, shift in the ERASE instruction 
with the address field set to the desired memory 
location address. After the last address bit is 
shifted in, drop CS to start the self-timed eras
ing cycle. In order to verify completion of the 
ERASE operation, raise CS again after tcs(lµs 
min.). The DO pin will output the device status. 
A low level indicates the device is busy. After 
approximately lOms, the DO pin will change 
from a low level to a high level, indication the 
device has completed the ERASE cycle. CS 
should then be set to a low level; ready for load
ing of the next instruction. The sequence for 
erasing a memory is as ·follows, assuming 



the erase/write enable instruction 
(EWEN) has been executed : 
1. Set CS high(assuming CS is low when not 

accessing the HY93C46.) 
2. Shift in ERASE instruction with the correct 

address. 
3. Set CS low. 
4. Set CS high, after minimum of lµs. 

INSTRUCTION SET FOR HY93C46 
. :c --:· ~· . 17 ~ .} ···- ' 

.JNSTRl)CJllON - ,.,, stAin;' 
.BIT .• OJ.>CODF,i/i ADDRESS 

' -='.. -"-

.· 

HY93C46 APPLICATION NOTE 

5. Monitor DO pin;a change from low to high in
dicates the ERASE cycle is completed. 

The "erase all" (ERAL) instruction is executed 
in the same manners as "erase register"(ERASE), 
except that the address bits of the instruction are 
don't care. Note that 9 bits are still needed to shift 
into the HY93C46 for those instrucations which 
have a don't care address field 

QATA 
,, 

COMMENfS 

READ 1 10 As, At, A3, A2, Ai. Ao READ Register As, At, A3, A2, Ai. Ao 

WRITE 1 01 As, At, A3, A2, Ai. Ao Ow Do WRITE Register As, At, A3, A2, Ai. Ao 

ERASE 1 11 
' 

As, At, A3, A2, Ai. Ao ERASE Register As, At, A3, A2, Ai. Ao 

EWEN 1 00 llxxxx 

EWDS 1 00 OOxxxx 
ERAL 1 00 lOxxxx 

WRAL 1 00 Olxxxx 

WRITE 

After the 9-bit write instruction is shifted in, 
an additional 16 bits of data to be stored must 
be shifted in. After the last bit of data is loaded, 
chip select( CS) should be set low to initiate the 
WRITE cycle. The internal programming vol
tage generator will be turned on, and the pro
gramming will be finished in about lOms. The 
ready /busy status of the HY93C46 can be read 
similar to the erase operation -through the DO 
pin, by returning the CS pin to high after the 
WRITE cycle is started. 

The sequence for writing 16 bits of data into 
the HY93C46 can be summarized as follows, 
assuming that erase/write(EWEN) is already 
enabled: 
1. Set CS high··to--enable the device. 
2. Shift in the WRITE instruction with the ad

dress of the memory location to be modified. 
3. Shift in the 16-bit data to be stored in that 

location. 

ERASE/WRITE Enable 

ERASE/WRITE Disable 

Erase All Registers 

DwDo Write All Registers 

Figure 2. Read Operation Timing 

SK 

DON'TCARE 

0 015 

1. SK does not have to be symmetrical or regular, as long as it satisfies the data 

sheet limns. 

2. After the last bit of instruction is shifted in, logic level at the DI pin will not affect 

internal operation. 

3. Data( not the instructions) can be shifted into the HY93C46 MSB first or into LSB 

first;data shifted out from DO will be in the same order. 

4. Set CS low to initiate the WRITE cycle. 
5. Set CS high again after lµs or more, to moni

tor the ready /busy status. 
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HY93C46 APPLICATION NOTE 

6. Monitor DO pin;a change from low to high 
indicates the write cycle is completed. 

The "write all" instruction(WRAL) is similar 
to the WRITE instruction, except that the ad
dress field of the instruction is ignored, and the 
16-bit data that follows the instruction will be 
written to all memory locations. Note that a lo
cation should be erased before new data can 
be written in. Erasing is recommended before 
writing to a previously written memory loca
tion, but it is possible to change data. Writing 
is a uni-directional operation;bits that are 1 
may be· changed to 0 only. For example, if an 
address contains FFFO(hex), then bits 15 to 4 
may to changed. Data FFFO could be writen 
as FF70, FF30, FFlO, and FF900 sequen
tially, without inteivening erasures. Note that all 
16 bits must be specified at each write, even if 
the data remains the same. 

POWER REQUIREMENTS 
The on-chip programming voltage.generator 

is only turned on during WRITE or ERASE 
instructions. During these periods, the oper
ation current will increase to a few milliamperes. 

The HY93C46 will consume much less pow
er when executing an instruction that does 
not require programming voltage- and even 
lower power consumption when the device is 
deselected. We recommend that a decoupling 
capacitor of 0.1 µF or higher be placed between 
Vee and GND near the device. 

INTERFACING EXAMPLE 
The HY93C46 can interface with most micro 

processor systems with only four connections 
in addition to power and ground. The following 
illustrated the connections to the 6500/1, 8051, 
and 6805 microcontrollers, and the 6522, 8255 
peripheral 1/0 ports. 

7-12 . 

Figure 3. Interfacing with 6500/1 

r-------.---..-.--0 +5V 

OTHER 110 

AND 

CONTROL 

SIGNALS 

Vee PAO 

PA1 

PA2 

PA3 

6500/1 

GND 

Figure 4. Interfacing with 8051 

~ 0.1µF 

GND 

,-------.---...----0 +5V 

OTHER 
1/0 

FUNCTIONS 

Vee P2 o 
P21 

P2 2 

P2 3 

8051 

GND 

SK Vee 

DI HY93C46 

DO 

cs 
GND 

Figure 5. Interfacing with 6805 

J: 0.1µF 

,---------.---n +5V 

OTHER 1/0 
AND 

FUNCTIONS 

6805 

GND 

PC2 

PC3 

SK Vee 

DI HY93C46 

DO 

cs GND 

Figure 6. ·Interfacing with 6522 

! 0.1µF 

,.----------__,.._ +5v 

Do-D7 
PA1 

REGISTER 
PA3 

SELECT 

6522 

CONTROL 

SIGNALS 
GND 

Figure 7. Interfacing with 8255 
(mode 0, control word 2) 

.---------r---~--o +5V 

VCC PAO 

PA1 

8255 

GND 

SK Vee 

DI HY93C46 
DO 

cs 
GND 
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8 SK 
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D4 
DI 
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HY93C46 APPLICATION NOTE 

ADDRESS DECODER EQUATION SOURCE FILE FOR ABEL™ 3.0 

module decodel 
title 'Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 
Dec . 13 , 19 8 9 
This address decoder logic implemented to HY18CV8 of the HEI EEPLD. 

ul device 'pl8cv8'; 

a0,al,a2,a3,a4 pin 1,2,3,4,5; 
a5,a6,a7,a8,a9 pin 6,7,8,9,11; 
aen pin 12; 
ior pin 13; 
iow pin 14; 

dec374 pin 19; 
dec74 pin 18; 
decl25 pin 17; 
dec245 pin 16; 

h,l,z 
ioadd 

1/0 / • z •; 
[a9,a8,a7,a6,a5,a4,a3,a2,al,a0]; 

equations 

!dec374 
!dec74 
!decl25 
!dec245 

(ioadd 
(ioadd 
(ioadd 
(ioadd 

"h300) & !aen ; 
"h300) & ! aen; 
"h301) & !aen; 
"h300) # (ioadd 

test vectors 'Test address decoder ' 

"h301) & !aen & !ior; 

([aen,ioadd,ior,iow] -> [dec374,dec74,decl25,dec245]) 
[ 1 ,"h300, h I h ] -> [ 1 I 1 h l ]; 
[ 1 / "h301, h / h ] -> [ h / h l h ] ; 
[ 1 ,"h301, l / h] -> [ h I h l 1 ]; 

end _decodel 
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HY93C46 APPLICATION NOTE 

ADDRESS DECODER DOCUMENT FILE 

ABEL(tm) 3.0oa Document Generator 
Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 
Dec. 13,1989 
This address decoder logic implemented to HY18CV8 of the HEI EEPLD. 
Equations ~or Module decodel 

Device ul 

- Reduced Equations: 

dec374 = !(!aO & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !a7 & a8 & a9 & 
! aen); 

dec74 = ! ( !aO & !al & !a2 & !a3 & !a4 & !as & !a6 & !a7 & a8 & a9 & 

! aen); 

dec125 = !(aO & !al & !a2 & !a3 & !a4 & !a5 & !a6 & ! a7 & ·a8 & a9 & 
!aen); 

dec245 = !(aO & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !a7 & a8 & a9 & 
!aen & ·!ior 

# !aO & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !a7 & a8 & a9); 
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HY93C46 APPLICATION NOTE 

ABEL(tm) 3.00a Document Generator 
Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 
Dec. 13, 1989 
This address decoder logic implemented to HY18CV8 of the HEI EEPLD. 
Chip diagram for Module decode! 

Device ul 

Pl8CV8 

-.,...-------\ /----------
\ I I 

ao 1 20 Vee 

al 2 19 dec374 

a2 3 18 dec74 

a3 4 17 decl25 

a4 5 16 dec245 

as 6 15 

a6 7 14 im-1 

a7 8 13 ior 

as 9 12 aen 

GND 10 11 a9 

end of module decode! 
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HY93C46 APPLICATION NOTE 

ADDRESS DECODER .JEDEC FILE 

ABEL(tm) 3.00a FutureNet Div, Data I/O Corp. JEDEC file for: Pl8CV8 
Created on: 
Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 
Dec. 13,19 8 9 
This address decoder log~c implemented to HY18CV8 of the HEI EEPLD.* 
QP20* QF2696* QV4* 
LOOOO 
100110111011101110111011101110110110 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
100110111011101110111011101110110110 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
010110111011101110111011101110110110 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
010110111011101110111011101110100110 
100110111011101110111011101110110111 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
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HY93C46 APPLICATION NOTE 

000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
111111111111111111111111111111111111 
111111111111111111111111111111111111 
111111111111111111111111111111111111 
llllllllllllllllllllllllllllllllllll 
000000000000000000000060000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000* 
L2664 
1011 
1011 
1011 
1011 
0000 
0000 
0011 
0011* 
N Test address decoder * 
VOOOl 000000001Nl011XLHLLN* 
V0002 100000001Nl011XHLHHN* 
V0003 100000001Nl001XLLHHN* 
C25E2* 
7A84 

FREE EVALUATION SOFfW ARE 

A HY93C46 evaluation software (IBM PC compatible) is available now. The program can be used 
for reading data from, modifying the data basis on bit, writing data into the HY93C46. Also, it is useful 
for you to verify data endurance test from 1 to 65,535 cycles. All the instructions in this sheet can 
be applicable to the HY93C46. When you need this program, contact to your nearest HYUNDAI 
representatives or distributors, or Semiconductor Application Engineering in Semiconductor Marke
ting & Sales Division. 

• ABEL is trademark of DAT A 1/0 Corporation 

• IBM is registered trademark of IBM Corporation 
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DESCRIPTION 

The HY18CV8 is a CMOS Electrically Eras
able Programmable Logic Device (EEPLD) 
that provides a high performance; low power, 
reprogrammable and architecturally flexible 
alternative to conventional programmable logic 
devices (PLDs). Designed in advanced CMOS 
EEPROM technology, the performance of the 
HY18CV8 rivals speed parameters of standard 
bipolar PLDs with a dramatic improvement in 
power consumption. The electrically erasable 
reprogrammable technology of the HY18CV8 
not only reduces development and field retrofit 
cost but enhances testability enabling HYUNDAI 
to ensure 100% field programmability and func
tion. Packaged in a cost effective "window-less" 
20 pin DIP, the flexible architecture of the 
HY18CV8 allows for replacement of standard 
SSl/MSI logic circuitry or pin-out compatible 
emulation of 20 pin bipolar PAL® devices and the 
Altera EP310/320. In addition, over a hundred 
new logic configurations, not possible with earlier 
generation Pills, can be implemented. Primary 
development and programming support of the 
HY18CV8).s provided by popular third-party PC 
based development tools and stand-alone pro
grammers. 

BLOCK DIAGRAM 

CLK 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

PAL® is a registered trademark of Advanced Micro Device, Inc. 

SP= Synchronous Preset 

AC= Asynchronous Clear 

OE~ Output Enable 
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FEATURES 

• Advanced CMOS EEPROM Technology 
• Low Power Consumption 

-CMOS: 20mA Standby +0.7mA/MHz max. 
- TTL : 25mA Standby + 0. 7mA/MHz max. 

• High Performance 
- tpo 25ns max., tco 18ns max., tsc 20ns min. 

• Repr"grammability 
- 100% factory tested 
- Cost effective "window-less" package 
- 3 second erase/program time 
- Adds convenience, reduces field retrofit and 

development cost 
• Design Security 

- Prevents unauthorized reading or copying of 
design 

• Architectural Flexibility 
- 74 Product Term X 36 Input Arrays 
- Up to 18 inputs and 8 1/0 pins 
- Independently configurable 1/0 macro cell ; 

polarity, register, combinatorial, bi-directional 
- Synchronous preset, asynchronous clear 
- Independent output enables 

• Application Versatility 
- Replaces SSl/MSI logic 
- Emulates bipolar PAL® devices and the Altera 

EP300/310 
- Replaces low density Gate Arrays 
- Simplifies inventory control 
- Allows new design possibilities 

• Development/Programmer Support 
- Popular PC based development tools and 

programmers. 

PIN CONNECTIONS 
Vee 

INPUT 1/0 

INPUT 1/0 

INPUT 1/0 

INPUT 1/0 

INPUT 1/0 
INPUT 1/0 

INPUT 1/0 
INPUT 1/0 

1/0 
GND 1/0 

1/0 

1/0 P-DIP 1/0 
1/0 
1/0 
1/0 PIN NAMES 110 

INPUT/CLK INPUT AND/OR CLOCK 

INPUT INPUT 

1/0 Bl-DIRECTIONAL 
INPUT/OUTPUT 

Vee POWER SUPPLY( +5V) 

GND GROUND 
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HY18CV8 CMOS EEPLD 

Figure 2. HY18CV8 Logic Array Diagram 
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ARCIIlTECfURAL OVERVIEW 

The basic architecture of the HY18CV8 is sim
ilar to of earlier generation PLDs to the extent 
that utilizes a sum-of-products logic array in a 
programmable AND fixed OR structure. This 
familiar logic arrangement allows user defined 
output functions to be created by programming 
the connection of input signals into the array. 
What makes the architecture of the HY18CV8 
different, however, is the increased capability 
and flexibility it provides in a higher level of 
equivalent gate integration and a simplification 
of design. 

The block diagram in figure 1. illustrates the 
key elements of the HY18CV8 architecture. 
Externally, the HY18CV8 provides up to 18 in
puts and 8 outputs for use. At the core is a pro
grammable ~lectrically erasable "AND array" of 
36 input lines by 74 product terms. The 36 input 
lines are derived from the true and complement 
of the 18 possible input pins. The 74 product 
terms are made up of ; 1 synchronous preset 
term, 1 asynchronous clear term, 8 output en
able terms and 64 terms divided into groups of 
8 each feeding into an OR function. 

Each OR function is .directly associated with 
one of eight macro cells and 1/0 pins. An indi
vidual macro cell can be programmed into one 
of twelve different configurations. Depending 

Figure 3. Logic Function Implementation in HY18CV8 Array 

Input 1 

Product term with 

both true and 

complement of 

one or more inputs 

connected, forces 

HY18CV8 CMOS EEPLD 

on the configuration, the output of the macro 
cell can be fed back into the array or output 
via its associated 1/0 pin. The configurations 
include various arrangements for bi-directional 
1/0, registered or combinatorial feedback, reg
istered or combinatorial output and output po
larity control. The output enable term of each 
1/0 pin can be used to force a high impedance 
state for bidirectional 1/0 operations or forded
icated input usage. The synchronous preset 
term, asynchronous clear term and clock (pin 
1. INPUT /CLK) are globally routed to all 
macro cells. 

WGIC ARRAY OPERATION 

A more detailed view of the overall architec
ture, specifically the logic array, is illustrated 
by the HY18CV8 Logic Array Diagram in 
figure 2. As referred to previously, the logic 
array of the HY18CV8 consists of; 

36 Input Lines : 
10 true and complement inputs 
8 true and complement inputs/feedbacks 

74 Product Terms: 
64 product terms (8X8 Sum-of-Products 
terms) 
8 output enable product terms 
1 synchronous preset term 
1 asynchronous clear term 

/ 

Product term with 

all inputs open, 
forces logical true( 1 ) 

(To Output Enable) 

logical false(O) ~-+-~--*-+--t-----t---1 
J1·J2 + I1·I2 

(To Macro Cell) 

Input 2 

• 
• 
• x =Input connected to Product Term 

• 
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HY18CV8 CMOS EEPLD 

Looking at the logic array diagram, the 36 in
put lines (0-35) run vertically and the 74 pro
duct terms ( 0-73) run horizontally. Each input 
line and product term intersection in the array 
has an associated programmable EEPROM 
memory cell that determines whether the inter
section is connected or open. A connection al
lows an input line to become a logical input of 
the intersected product term (AND gate). Thus, 
each product term, although unlikely in a real 
application, truly equals a 36 input AND gate. 

During programming of the HYl 8CV8, all 
EEPROM memory cells are first erased, open
ing all input line and product term intersec
tions, specific intersections can then be selec
tively programmed for connection based on user 
defined logic functions. Figure 3 illtJ.strates how 
a logic function, a 2 input exclusive NOR, is 
implemented in the HY18CV8 array. Note that 
if all true and complement inputs of product 
term are left open, the output of the AND gate 
will be a logical true (HIGH). If both true and 
complement of one or more inputs are connect
ed to a product term, the output of the AND 
gate is forced to a logical false(LOW). 

Figure 4. HY18CV8 Macro Cell Diagram 

CLK 

SP 

As illustrated in figure 2, the logic array has 
64 product terms that are divided into groups 
of8 each feeding into a sum (OR gate). By con
necting specific inputs or 1/0 macro cell feed
backs to the product terms, complex sum-of
products logic functions can be created. Each
sum feeds into its associated 1/0 macro cell 
where the logic function can be further control
led for output to an 1/0 pin of feedback into 
the array. 

In addition to the 64 product terms of the 8 
sum-of-product groups, there are 8 output en
able product terms, 1 synchronous preset pro
duct term and 1 asynchronous clear product 
term. These additional terms are used to direc
tly control specific 1/0 functions which are cov
ered in the following section. 

1/0 MACRO CELL AND 
OUTPUT ENABLE OPERATION 

A great amount of architectural flexibility is 
provided by the HY18CV8s reconfigurable 1/0 
macro cells and independently controlled out
put endables. A closer look at the 1/0 macro 

OUTPUT 

SELECT 

OE 

..,____+--4----------10 Q 1--.-.---1 

Qi-------l 

AC 

INPUT/ 
,___ ___ __.FEEDBACK 1--------' 
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cell, figure 4, shows that it consists of a D-type 
flip-flop and two signal select multiplexers. 

The D-type flip-flop operates similar to stand
ard TIL D flip-flops to the extent that the D 
input is latched on the rising edge (LOW to 
IBGH transition) of the CLK input and Q or 
Q output signals can be used. Two additional 
inputs are controlled by the asynchronous clear 
and synchronous preset terms. 

When the asynchronous clear product term 
is asserted (HIGH) the Q output will immedi
ately be set to a WW regardless of the clock 
state. When the synchronous preset term is as
serted (HIGH) the Q output will be set to a 
HIGH on the following rising edge (LOW to 
HIGH transition) of the CLK input Priority 
is given to the asynchronous clear signal if both 
asynchronous clear and synchronous preset 
have been asserted. Upon power-up, the 
asynchronous clear function is automatically 
performed setting the Q outputs of all macro 
cell flipflops to a WW. 

The two signal select multiplexers of each 
macro ·cell are controlled by four EEPROM 
programmable bits(A, B, C, and D) that deter
mine which of the twelve possible configurat
ions the macro cell will assume. This independ
ent flexibility allows a single HYl 8CV8 to 
implement a combination of configurations 
among its eight macro cells. The configurations 
include various arrangements for bi-directional 
1/0, registered or combinatorial feedback, reg
istered or combinatorial output and output po
larity control. The twelve possible 1/0 macro 
cell configurations are listed in Table 1, Their 
equivalent circuits are illustated in figure S. 

Each of the 8 output enable terms can enable 
or disable the output of its associated 1/0 macro 
cell. When the output enable product term is 
a logical true (HIGH) the output signal is en
abled to the 1/0 pin. When it is a logical false 
(WW) the 1/0 pin is in a high impedance 
state. The output enable product term allow in
dividual 1/0 pins to be input only or bi-direct
ional 1/0. 

HY18CV8 CMOS EEPLD 

DESIGN SECURI1Y 

The HY18CV8 provides a special EEPROM 
security bit feature that prevents unauthorized 
reading or copying of designs implemented. 
The security bit feature is typically used after 
a design is finalized and ready for production. 
The actual setting of the security bit is done via 
the PLD programmer used. Once set, the verify 
(read) and program operation using a PLD 
programmer or other method will not be al-
lowed until the entire device has first been erased. 

CMOS EEPROM TECHNOLOGY 

The performance and flexibility provided by 
the HY18CV8 is primarily due to HYUNDAI's 
advanced CMOS EEPROM technology of-' 
fering low power, high speed and nonvolatile 
reprogrammability. Utilizing this technology 
along with special design techniques, the 
HY18CV8 maintains the low power 
characteristics of CMOS while achieving the 
speeds of standard bipolar PLDs. 

For HY18CV8 reprogrammability, Fowler 
Nordheim tunneling techniques are employed 
to trap charges onto a floating gate through a 
thin oxide insulator. The trapped charges re
main after power has been removed allowing 
nonvolatility of programmed data. The charges 

·can be removed by electrically erasing the de
vice. Once fully eraged, it can then be reprogram
med into a new configuration. 

The HY18CV8 is designed for programming 
endurance of up to 1000 complete erase/repro
gram cycles with a data retention of 10 years, 
when used within the specified operating tem
perature range. This means that the HY18CV8 
can be reprogrammed up to 1000 times without 
degrading device operation, and similar to 
other non-volatile memory technologies, the 
data last programmed will remain valid for ten 
years. 

Althought implemented in EEPROM tech
nology, often associated with· in-system repro
grammable memory devices, the HYl 8CV8 is 

8-5 

Ill 



HY18CV8 CMOS EEPLD 

programmed out-of-system via a PLD program
mer. There are several other beneficial rea
sons, however, for using EEPROM techonlogy. 
Some of these benefits include ; enhanced fac
tory testing allowing 100% programming and 

-runctional integrity, cost effective "window
less" packaging and 3 second erase/reprogram 
time instead of approximately 20 minutes for 
EPROM PLDs. 

Figure 5. HY18CV8 Macro Cell Configuration Equivalent Circuits 

REGISTERED OUTPUT COMBINATORIAL OUTPUT 

CLK 

AC 

8 

CLK 

AC 

11 

CLK CLK 

AC AC 

10 12 
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Table 1. HY18CV8. Macro Cell Configurations 

·coNFIGURATION 

#_{ .. :·I .c~ .. A .. .· . B· j_ D · •. 

1 1 1 1 1 

2 0 1 1 1 

3 1 0 1 1 

4 0 0 1 1 

5 1 1 1 0 

6 0 1 1 0 

7 1 0 1 0 

8 0 0 1 0 

9 1 1 0 0 

10 0 1 0 0 

11 1 0 0 0 

12 0 0 0 0 

Note : O-programmed, I-erased 

APPIJCATIONS OF THE HY18CV8 

The versatility of the HY18CV8 makes it an 
effective alternative to conventional methods of 
logic design over a broad range of applications. 

SSI/MSI logic replacement, the HY18CV8 
enhances the design process with increased flex
ibility, higher performance, faster development 
time and design security. Manufacturing bene
fits are also realized by requiring fewer com
ponents and interconnects resulting in more 
efficient use of space, simplified inventory con
trol and higher reliability. 

As a bipolar PAL® replacement, the HY18CV8 
has comparable speed and offers several advan
tages including: enhanced design flexibility, 
simplified inventory control, reduced power 
consumption, reprogrammal;>ility, and 100% 
factory testability for function and program
ming. 

. 

HY18CV8 CMOS EEPLD 

; ' ' 
INPUl'/FEEDBAeK SELECT I OUTPUT SELECT 

~ .. · . 

Register Active Low 

Bi-Directional 1/0 
Active High 

Combinatorial Active Low 

Active High 

Register Active Low 

Combinatorial Feedback 
Active High 

Combinatorial Active Low 

Active High 

Register Active Low 

Active High 
Register Feedback 

Combinatorial Active Low 

Active High 

Design flexbility is of particular importance 
since the HY18CV8 not only emulates the ma
jorty of the 20 pin PAL® devices (see table 2) 
but also allows functions found among sev
eral PAL® device types to be combined. In ad
dition, completely new functions, not support
ed by the standard PAL® devices, can be im
plemented. This flexibility means a designer can 
focus on the design rather than on the restric
tions of a fixed architecture. Reprogrammabil
ity is also a key benefit over one time program
mable PAL ®s. This feature adds convenience 
and cost savings in development prototyping 
and field retrofitting of systems. Converting 
existing PAL® designs to the HY18CV8 for 
plug-in replacement is easily accomplished 
using EEPLD evaluation or development tools. 

As a design alternative to low-density gate ar
rays, one or more HY18CV8s offer a cost effec
tive and low-risk option. With its architectural 

Table 2. 20 pin PAL® devices that can be emulated by the HY18CV8 

OUTPutmE··..,,. ·· .. ... '• \. PART·~El ANDl/O CAPACJTY 

Combinatorial - High 10H8 12H6 14H4 16H2 16H8 16HD8 

Combinatorial - Low 101..8 121.6 14IA 16U 161..8 16LD8 

Combinatorial - Polarity 16P8 18P8 

Registered- Low 16R4 16R6 16R8 

Registered - Polarity .16RP4 16RP6 16RP8 
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HY18CV8 CMOS EEPLD 

flexibility and equivalent gate density of approx
imately 300 gates, designs traditionally employ
ing low-density gate arrays can be implement
ed quickly at no factory development (NRE) 
cost Unlike· the lead times encountered with 
gate arrays, the HY18CV8 is off-the-shelf avail
able. Furthermore, if a design error is made or 
an upgrade ·is necessary, the changes can sim
ply be reprogrammed. 

Similar to SSVMSI logic, PAL ®s and low den
sity gate arrays, applications of the HY18CV8 
cover all the primary areas of system design in
cluding, data processing, communications, con
sumer, military and transportation. Specific 
functions implemented using the HY18CV8 
range from basic logic and system support cir
cuitcy to stand alone controllers. 
Some applications include : 

• SSl/MSI Logic Replacement/Customization 
Random logic 
Decoders/ encoders 
Comparators 
Multiplexers 
Counters 
Shift registers 

ABSOLUTE MAXIMUM RATINGScio) 

• Processor System Support 
Address decoding 
Wait-state generation 
Memory protection 
Memory refresh 
DMA control 
Interrupt control 
Timer/ counter functions 
Bus arbitation and interface 
Error detection and correction 

• 1/0 Interface and Support 
Intelligent I/0 port 
Data communication interface 
Display interface 
Keyboard scanning 
Disk and tape drive control 
Front panel interface 

• Stand-Alone Non µP Based· Controllers 
Motor control 
Sensor monitoring 
Security ac!cess control 
Display control 

... 
SYMBQt 0 

PARAMEJERI OONDtTIONS·· RATING %' ' 

1~·':'· .. ij .:' •··· 

Vee Supply Voltage Relative to GND -0.5 to 7.0 v 
V1 Voltage Applied to InputCS) Relative to GND(I) -0.5 to 7.0 v 
Vo Voltage Applied to Output Relative to GND(I) -0.5 to 7.0 v 
Io Output Current Per Pin(I01.., loH) ±25 mA 

TsT Storage Temperature -65 to 125 oc 
TLT Lead Temperature Soldering 10 second 300 oc 

OPERATING RANGES 

Vee Supply Voltage Commercial 4.75 5.25 v 
Operating Temperature Commercial 0 70 oc 
Clock Rise Time See note 3 250 ns 

Clock Fall Time See note 3 250 ns 

tRvcc V cc Rise Time See note 3 10 ms 
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DC ELECTRICAL CHARACTERISTICS 
(Over Operating Range Specifications) 

I.•. $~L.' . ~1 PMtWEriJi. I·~ -'"- - CQNPMONS ·z F· . ,·, .,., 
Vott Output HIGH Voltage Vcc=Min. Iott=-4.0mA 

VoL Output WW Voltage Vcc=Min. IoL=8mA 

Vm Input HIGH Level 

V1L Input WW Level 

I l1L I Input Leakage Current Vcc=Max, GND~VIN~Vcc 

I Ioz I Output Leakage Current l/O=High-Z, GND~Vo~Vcc 

Isc Output Short Circuit Current Vcc=Max, Vo=O.svC9) 

Iccsc V cc Current, Active, CMOS VIN=Vcc or GNDC4) 

lcCAC Vee Current, Active, CMOS VIN=Vcc or GNDC4) 

All outputs openC4 l 

lccsT V cc Current, Standby, 1TL VIN=V1L or Vm(4) 

lcCAT V cc Current, Active, 1TL VIN=ViL or Vm, 

All outputs openC4) 

CAPACITANCEc7
) 

._.SYMBOL .. · 1 
, ~·. ·.co!SumoNs .. . .~ 

Input Capacitance TA=2S°C, f=lMHz, Vcc=S.OV 

Co UT Output Capacitance TA=25°C, f=tMHz, Vcc=S.OV 

AC ELECTRICAL CHARACTERISTICSc2
) 

(Over Operating Range) 

> )' .( 

f· SYMBOL PARAMETER. 
2...:.:.. . .. _:_ 

tpo InputCS) or feedback to non-registered output 

toE InputC6) to output enable 

too lnputC6) to output disable 

teat Clock to output 

tco2 Clock to combinatorial ou~ut delay 
via internal registered feedtiack 

tsc InputCS) or feedback setup to clock 

tttc Input(S) hold after clock 

tci., tcH Clock width-CLK low time, CLK high timeC3) 

tcPt Clock period (register feedback 
to registered output via internal path) 

iMAXI Maximum clock frequency(l/tcp1) 

tcP2 Clock period(tsc+tco1) 

iMAX2 Maximum clock frequency( l/tcp2) 

tAw Asynchronous clear pulse width 

tAP InputCS) to asynchronous clear 

tAR Asynchronous reset recovery time 

tRESET Power-on reset time for register in clear state. (3) 

· 8Y1scvS.is 

'1\UN, I MAX.' 
2S 

2S 

25 

18 

3S 

20 

0 

lS 

30 

33.3 

3S 

28.S 

2S 

30 

20 

5 

HY18CV8 CMOS EEPID 

. ~: (~ . '( 

~·, ., . 

2.4 v 
0.4S v 

2.0 Vcc+0.3 v 
-0.3 0.8 v 

10 µA 

10 µA 

-30 -100 mA 

20 mA 

Iccsc+ mA 

0.7mA/MHz 

2S mA 

IccsT+ mA 

0.7mA/MHz 

MAX.. lJNIL ··· 
6 pF 

12 pF 

HYlscvg..30 .. 1 
·· llY.1scy~3s'. H .. 

~.· 
MIN.·. MAX~; .\\f~··L~X .. f·•·.c.:' 

30 3S ns 

30 3S ns 

30 3S ns 

20 22 ns 

4S so ns 

2S 30 ns 

0 0 ns 

15 lS ns 

40 4S ns 

2S 22.2 MHz 

4S so ns 

22.2 20 MHz 

30 3S ns 

3S 40 ns 

2S 30 ns 

s s µs 
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HY18CV8 CMOS EEPLD 

SWITCIIlNG WAVEFORMS 

Inputs, 1/0, 
Registerecf 
Feedback, 

Synchronous 
Preset 

Clock 

Asynchronous 
Reset 

Registered 
Outputs 

Combinatorial 
Outputs 

NOTES . -
I. Minimum DC input is -0.SV, however inputs may undershoot to -2.0V for peri~~ than 20ns. 
2. Vi and Vo are not specified for program/verify operation. 
3. Test points for Clock and Vee in tR, tF, tcL• tcH• and tRESET are referenced at 10% and 90% levels. 
4. 1/0 pins are open (no load). 
5. "Input" refers to input pin signal. 
6. toE is measured from input transition to VREF± O.IV, too is measured from input transition to VoH-0.lV or VoL +O.IV; VREF=l.90V for TfL interface for 

2.375V for CMOS interface. 
7. Capacitances are tested on a sample basis. 
8. Test conditions assume: signal transition times of Sns or less from the 10% and 90% points, timing reference levels of 1.SV (unless otherwise specified). 
9. Test one output at a time for a duration less than I second. 

10. Exposure to absolute maximum ratings over extended periods of time may affect device reliability. Exceeding absolute maximum ratings may cause permanent 
damage. 

AC EQUIVALENT LOAD CIRCUIT 
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TEST LOAD 

Input 

R1=480Kn 
Ri=480Kn 
CL=3 F 

5.0V 

R1=4640 
Ri=2500 
CL=3 F 

) /I 

THEVENIN 

Output 

RL=228Kn 
VL=2.375V 
CL=3 F 

RL=l630 
VL=l.75V. 
CL=3 F 



PACKAGE INFORMATION 

• 20 PIN PLASTIC DUAL IN LINE PACKAGE-300 MIL 

ra 
8 
I/) 

~ 
d 
z 

~~! 
~~---~~~~~--~--------
MM 
~~ ;; ;;-t 

0.079(2.007) 
0.059(1.499) 

0.062(1.575) 
0.050(1.270) 

~ 

_l 

-I 
I 

~i 
MM 

0.100 BSC ~@' 
(2.540) ;; ;; 

HY18CV8 CMOS EEPLD 

· MAX 
UNIT : INCH(mm) MjN 

0.300 BSC 
-. (7.620) -

0.250(6.350) 
- 0.270(6.858)-1 

-/-3°-11° 

0014(0.356) 
-\\- QJfJS(0.'2JiJ) 
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SUPPUER PROGRAMMER VERSION MODULE/ ADAPTER 

HYUNDAI Electronics EIP-1 V1.0 
Industries. Co., Ltd. 
Korea(0336)30-2037 

Adams-MacDonald SMS Sprint Plus V3.10 
U.S.A. (408)373-3607 Promac Model 11 V1.12 PM-1 Module 

Advantest R4971 Programmer -
Japan (03)342-7500 

Advin Systems Sailor-PAL V8.0 
U.S.A. ( 408 )984-8600 

Ando AF-97 40 Univ. Programmer -
Japan (03)733-1151 

Aval PECKER 30 - Adapter A1 
Japan (03)344-2001 AVAL-PLUS PKW-3100 - Adapter A1 

BP Microsystems PLD 1100 V1.07 
U.S.A. (800)225-2102 

Data 1/0 Unisite 40 V1.4 
U.S.A. ( 800 )426-1045 Model 298 V02 LogicPak V04/303A-011A 

Model 60A V11 360A-001 
Model OOH V12 360A-001 

Digelec Model 860 Programmer A1.3 
U.S.A. (800)367-8750 

Educe PEG-3 PLD Programmer -
Japan (03)383-1361 

Hilo Systems Research ALL -01 Univ. Programmer -
R.0.C. (02)764-0215 

ICT PDS-1 V1.20 
U.S.A. ( 408 )434-0678 

lnlab Model 28U V11.02 
U.S.A. (303)460-0103 

Kontron Electronics MPP-808 Programmer V2.1 UPM/B • U.S.A. (800)227-8834 EPP-80 Base Programmer V2.1 UPM/B 

Logic Devices ALLPRO Programmer V1.44 
U.S.A. (305)974-0975 GANGPR0-8 Programmer V5.2 

PALPR0-2X Programmer V5.2 

Minato Electronics Model 1900 - OU-193 
Japan (045)591-5611 Model 1890A - OU-901 

R&D SYNPLA IIIA - Module-2428 
Japan (03)341-7741 

8-13 



SUJ>PLIER 
):""' .. ''.i''• 

Stag Systems PPZ Programmer§ V34 ZM2200 
U.SA (408)988-1118 

Structured Design 801040 Programmer -
U.SA (408)988-0725 

Sunshine EXPR0-40 Programmer -
R.0.C. (02)763-3732 

System General SGUP-85§ V3.0 
R.O.C. (02)721-2613 

Varix SP0300 Programmer -
U.SA (214)437-0777 GD1140 Programmer -

Xender XP80 Univ. Programmer - Module XP8005 
R.O.C. (02)882-4488 XP6005 Labtool Programmer -

Zeus Computer UNIPRO V2.0 
Korea (02)784-7841 

SUPPLIER SOFIWARE.· 
.. . . 

. Data 1/0 ABEL V2.1 
U.SA (800)247-5700 

ICT APEEL(PDS-1) V2.0 
U.S.A. ( 408 )434-0678 

lsdata GmbH LOG/iC V3.2 
Germany 0721/693092 

Logical Devices CUPL V2.15 
U.S.A. (305)974-0975 
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ITALY UNITED STATES OF AMERICA 
Comprel Rep 

ALABAMA 
Viale Fulvio Testi, 115 Tel : 2-612-0641 

20092 Cinisello, Balsamo, Milan Fax : 2-612-8158 Elcom( Corporate Office) 

4960 Corporate Dr., Ste. 145K Tel : 205-830-4001 

CANADA Huntsville, AL 35805 Fax : 205-830-4058 

Tech Trek, Ltd (Corporate Office) 
ARIZONA 

1015 Matheson Blvd., Unit 6 Tel : 416-238-0366 Thom Luke Sales, Inc. (Corporate Office) 
Mississauga, Ontario Fax : 416-238-0319 9700 N, 9lst., Ste. A200 Tel : 602-451-5400 
LAW 3A4 Scottsdale, AZ 85258 Fax : 602-451-0172 

Tech Trek, Ltd CAIJFORNIA 
148 Colonade Road, Unit 13 Tel : 613-225-5161 

Nepean, Ontario Fax : 613-723-1426 Select Electronics 

K2E 7R4 14730 Beach Blvd., Ste. 106, Tel : 714-739-8891 

Bldg. F Fax : 714-739-1604 
Tech Trek, Ltd La Mirada, CA 90638 
# 220-226B # 5 Road Tel : 604-276-8735 

Richmond, British Columbia Fax : 604-276-8465 Focus Technical Sales 

V6X 2Tl 1735 N, 1st Street Tel : 408-436-2336 

San Jose, CA 95101 Fax : 408-436-2348 
Tech Trek, Ltd 
2271 Guenette Street Tel : 514-337-7540 Webster Associates 

St. Laurent, Quebec Fax : 514-337-7544 9198 Greenback Lane #214 Tel : 916-989-0843 

H4R 2E9 Orangevale, CA 95662 Fax : 916-989-2841 

Tech Trek, Ltd Wiley Company 

375 Scenic Glen Place Tel : 403-241-1719 10150 Sorrento Valley Rd., # 203 Tel : 619-453-9018 

Calgary, Alberta Fax : 403-241-1719 San Diego, CA 92121 Fax : 619-453-1457 

T3L 115 COLORADO 

MEXICO Thom Luke Sales 
9085 E, Mineral Circle, Ste, 240 Tel : 303-649-9717 

Sonika Electronics Englewood, CO 80112 Fax : 303-649-9719 

Calle Cien Fuegos No.651-A Tel : 525-754-6480 CONNECTICUT 
Col. Linda Vista C.P. 07300 Fax : 525-586-8443 

Mexico, D.F. Vista Associates 
2505 Main Street Tel : 203-375-5456 

Sonika Electronics Stratford, CT 06497 Fax : 203-375-6907 
Ermita 1039-10 Col. Chapalita Tel : -523-647-4250 • Guadalajara Fax : 523-647-3433 

Jal. Mexico CP 45042 
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REPRESENTATIVES 

FWRIDA 

EIR. Inc. 
1057 Maitland Center Commons Tel : 407-660-9600 

Maitland, FL 32751 Fax : 407-660-9091 

GEORGIA 

Elcom 

4045 Wetherbum Way, Ste. 5 

Norcross, GA 30092 

lllJNOIS 

Micro-Tax, Inc. 
2400 W, Central Rd. 

Hoffman Estates, IL 60196 

INDIANA 

PTR 

370 Ridgepoint Drive 
Carmel, IN 46032 

MARYIAND 

Third Wave Solutions, Inc. 

8335 H Guilford Road 
Columbia, MD 21046 

MASSACHUSEITS 

Tel : 404-447-8200 

Fax : 404-447-8340 

Tel : 708-765-3000 

Fax : 708-765-3010 

Tel : 317-884-5222 
Fax : 317-844-5861 

Tel : 301-290-5990 
Fax : 301-381-5846 

Vista Associates(Corporate Office) 
237 Cedar Hill Street Tel : 508-481-9277 

PO Box 388 Fax : 508-460-1869 

Marlboro, MA 01752 

MICHIGAN 

PTR 

6898 Curtis Drive 

Coloma, MI 49038 

Trilogy Marketing, Inc. 

Tel : 616-468-3303 

Fax : 616-468-6511 

1825 S. Woodward Ave., Ste. 170 Tel : 313-338-2470 

Bloomfield, MI 48302 Fax: 313-338-6720 

MINNESOTA 

PSI 

8000 Town Line Avenue South 
Suite 206 
Bloomington, MN 55438 
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Tel : 612-944-8545 

Fax : 612-944-6249 

MISSOURI 

Hitec Centrai Inc. 
803 Choctaw 

Independence, MO 64056 

Tel : 816-796-6684 

Fax : 816-796-6562 

Hitec Centrai Inc.(Corporate Office) 

3450 Bridgeland Drive, Ste.G Tel : 314-291-5920 

Bridgeton, MO 63044 Fax : 314-291-5713 

NEW JERSEY 

Terry Manton. Inc. 
18 W, Pamrapo Court 

Glen Rock, NJ 07452 

NEW YORK 

Bob Dean. Inc. 
2415 North Triphammer Road 

PO Box E 

Ithaca, NY 14850 

Component Consultants, Inc. 
1140 Motor Parkway 

Hauppauge, NY 11788 

OHIO 

Do/fuss-Root & Company 

Tel : 201-447-8821 

Fax : 201-670-4818 

Tel : 607-257-1111 

Fax : 607-257-3678 

Tel : 516-273-5050 

Fax : 516-273-5251 

683 Miamisburg-Centerville Rd., Tel : 513-433-6776 

Ste 202 Fax : 513-433-7978 
Dayton, OH 45459 

Doi.fuss-Root & Company 

950 Spring Grove Lane 

Worthington, OH 43085 

Tel : 614-885-4844 

Fax : 614-846-1377 

Do/fuss-Root & Company(Corporate Office) 

24461 Detroit Road Tel : 216-899-9370 

Westlake, OH 44145 Fax : 216-899-9606 

OKLAHOMA 

Comptech Sales, Inc. 

9810 E. 42nd St, Ste. 219 

Tulsa, OK 74146 

OREGON 

Quest Marketing, Inc. 
6700 S.W. 105th, Ste. 311P 

Beaverton, OR 97005 

Tel : 918-622-7744 

Fax : 918-660-0340 

Tel : 503-641-7377 

Fax : 503-641-2899 



PENNSYLVANIA 

TCA. Inc. 
1570 McDaniel Drive 

Westchester, PA 19380 

TEXAS 

Comptech Sales, Inc. 
868 W. Price Road 

Brownsville, TX 78520 

Tel : 215-692-6853 

Fax : 215-692-6873 

Tel : 512-542-7474 

Fax : 512-542-8254 

Comptech Sales, Inc. (Corporate Office) 

2401 Gateway Drive, Ste. 114 Tel : 214-751-1181 

Irving, TX 75063 Fax : 214-550-8113 

Comptech Sales, Inc. 

1721 Villa Santos 

El Paso, TX 79935 

Comptech Sales, Inc. 
11130 Jollyville Rd., Ste, 200 

Austin, TX 78759 

Comptech Sales, Inc. 
15415 Katy Freeway, Ste. 209 

Houston, TX 77094 

W ASIHNGTON 

Tel : 915-590-4590/l 

Fax : 915-590-4577 

Tel : 512-343-0300 

Fax : 512-345-2530 

Tel : 713-492-0005 

Fax : 713-492-6116 

Quest Marketing, Inc. (Corporate Office) 

15921 N.E. 8th, Ste. 207 Tel : 206-747-9424 

Bellevue, WA 98008 

WISCONSIN 

Micro-Tax. Inc. 

22660 Broadway, # 4A 

Waukesha, WI 53186 

Fax : 206-643-3488 

Tel : 414-542-5352 

Fax: 414-542-7934 

REPRESENTATIVES 

• 
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DISTRIBUTORS · 

AUSTRIA HOILANDS 

Bacher GmbH Marcotec B. V. 
Rotenmuehlgasse 26, A-1120 Tel : 01-813-5646 57 Innsbruckweg 3047 AG Tel : 10-462-5060 
Wien Fax : 01-83-4276 Rotterdam Fax : 10-462-7076 

CANADA HONG KONG 

Memory Marketing Co. Components Agent Ltd 
1015 Matheson Blvd., Unit 6 Tel : 416-238--0366 36F Metroplaza, Tower 1 Tel : 852-487-8826 
Mississauga, Ontario Fax : 416-238--0319 Hing Fong Road, Kwai Fax : 852-487-1268 
IAW 3A4 Chung, HK 

DENMARK 
Dodwell Engineering 

7F Cavendish Centre Tel : 852-555-4633 

Nordisk Elektronik A.S. 
23 Yip Hing Street Fax : 852-873--0625 

Transformervej 17, DK-2730 Tel : 42-84-2000 
Wong Chuk Hang, HK 

, Herlev Fax : 44-92-1552 
ITALY 

PRC Components 

Olandsvej 18, 8800 Tel : 86-62-3799 Comprel S.PA 
Viborg Fax : 86-62-1295 Viale Fulvio Testi, 115 Tel : 2-612-0641 

20092 Cinisello, Balsamo, Milan Fax : 2-612-8158 

FINIAND 
Fanton Components 

Oy Fintronic AB 
Via 0 Simonl5 Anzola Tel : 51-73-5015 

Heikkilantie 2A, 02100 Tel : 0-692-6022 
Dell Emilia 1-40011 Fax : 51-73-5013 

Helsinki Fax : 0-682-1251 
Bologna -

FRANCE JAPAN 

Tekelec Airtronic 
Hakuto Co., Ltd. 

B.P 2 92315 Serves Tel : 1-46-23-23-32 
2-29, Toranomon 1-Chome, Tel : 03-3225-8910 

3edex Fax : 1-45--07-21-91 
Minato-Ku, Tokyo 10.5 Fax : 03-3597-8975 

Tachibana Tectron Co., Ltd 

GERMANY 2-2-5 Higashiyma Meguro-Ku Tel : 03-3719-2261 

Tokyo 153 Fax : 03-3793-1329 
Rein Elektronik GmbH 

Lotscher Weg 66, D-4054 Tel : 2-153-733209 

Nettetal 1 Fax : 2-153-733371 

Setron Schiffer Elektronik GmbH 

Friedrich-Seele .Str. 3A Tel : 531-80-980 

3300 Braunschweig Fax : 531-80-987 

9-4 



KOREA 

Bethel Electronics Intl., Inc(Corporate Office) 

16-9 Hangangro 3-Ga Tel : 02-704-5670, 

Yongsan-Ku, Seoul 

Chongro Office 

Y ongsan Office 

02-716-5575 

Fax : 02-704-1839, 

02-716-5576 

Tel : 02-273-2251/2 

Tel : 02-702-3236 

Fax : 02-702-3237 

Jeil Nanotec Co. (Corporate Office) 

3F Mansung Bldg. Tel : 02-323-4291/6 

460-25, Seokyo-Dong, Fax : 02-323-4297 

Mapo-Ku, Seoul 

Sunin Office 

Y ongsan Office 

Tel : 02-703-1378/9 

Fax : 02-716-5930 

Tel : 02-712-4700/l 

Fax : 02-716-3605 

Phalchun Co., lid. (Corporate Office) 

16-9 Hangangro 3-Ga, Tel : 02-702-1543/4 

Yongsan-Ku, Seoul Fax : 02-702-1545 

Sales Shop 

Seungjun Sangsa Ltd. 

203-1 Jangsa-Dong, 

Chongro-Ku, Seoul 

Y ongsan Office 

NORWAY 

Nordisk Elektronik A.S. 
P.O Box 123, 1364 Hvalstad 

SINGAPORE 

Brilliant Electronics Pte, Ltd 
12A-14A Lorong 13, Geylang 

Road. 

Tel : 02-702-37S5/6 

Tel : 02-274-6800 

Fax : 02-274-5929 

Tel : 02-701-6800 

Tel : 02-84-6210 

Fax : 02-84-6545 

Tel : 741-3455 

Fax : 741-3016/7 

Components Assembly & Sales Pte, Ltd 
112 Lavender Street, # 04-02 Tel : 293-0811 

Chuan Building, Singapore 1233 Fax : 293-3006 

Eltee Electronics Pte, Ltd 
17 Hatvey Road # 03-01 

Singapore 1336 

Tel : 285-0633 

Fax : 289-5327 

DISTRIBUTORS 

lntraco Resources Trading Pte, Ltd 
78 Shenton Way, #04-01 Tel : 220-6133 

Singapore 0207 Fax : 222-1123 

SPAIN 

Lober SA 
Monte Esquinza 28. 

28010 Madrid 

SWEDEN 

Nortec Electronics AB 
Box 1830 

S-171, 27 Solna 

Titan Electronics 
Box 7086 

S-191. 07 Sollentuna 

SWITZERLAND 

Ascom Primotec AG 
Taefem Str. 37. CH 5405 

Baden-Daetwill 

TAIWAN R.O.C. 

Chung Teh Co., Ltd. 

350, Min Sheng East Road, 

P.O. Box : 27-088 

Taipei 

Lebro Industrial Co., Ltd 

Tel : 1-410-6821 

Fax : 1-410-6868 

Tel : 8-705-1800 

Fax : 8-83-6918 

Tel : 87-54-98-80 

Fax : 87-54-89-15 

Tel : 56-84-0171 

Fax : 56-83-3454 

Tel : 02-501-8181 

Fax : 02-S01-S836 

Rm 1102, No. 18S, Sung Chiang Tel : 02-S03-6357 

Road. Taipei 

Unigate Corporation 
SF SS4 Lin Shen N. Road, 

Taipei 

UNITED KINGDOM 

Mogu.l Electronics 
Unit 11, Vestry Estate 

Sevenoaks, Kent TN14 SEU 

ESD Distribution Ltd 
Edinborough Way, Harlow 

Essex CMlO 2DF 

Fax : 02-SOl-7809 

Tel : 02-S97-3686 

Fax : 02-597-3684 

Tel : 732-74-1841 

Fax : 732-74-2210 

Tel : 279-62-6777 

Fax : 279-44-1687 
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DISTRIBUTORS 

UNITED STATES OF AMERICA 

ARIZONA 

Aved Electronics 
7741 East Gray Rd., Ste. 9 

Scottsdale, AZ 85260 

CALIFORNIA 

Aegis Electronics Group. 
1015 Chestnut Ave., Ste. G2 

Carlsbad, CA92008 

All American Semiconductor 
369 Van Ness Way, Ste. 701 

Torrance, CA 90501 

All American Semiconductor 

Tel : 602:-951-9788 

Fax : 602-951-4182 

Tel : 619-729-2026 

Fax : 619-729-9295 

Tel : 213-320-0240 

Fax : 213-320-7207 

5060 Shore Ham Plaza, Ste. 200 Tel : 619-458-5~'i0 

San Diego, CA 92122 Fax : 619-458-5866 

All American Semiconductor 
17220 New Hope Street, Ste. 211 Tel : 714-435-0115 

Fountain Valley, CA 92708 Fax : 213-320-7207 

All American Semiconductor 
2360 Qume . Drive, Ste. C 

San Jose, CA 95131 

Aved(Corporate Office) 

1582 Parkway Loop, Unit G 

Tustin, CA 92680 

!EC 
6-B Autry Street 

Irvine, CA 92718 

!EC 
9940 Business Park Dr., # 145 

Sacramento, CA 95827 

ITT Multicomponents 
1580 Oakland Rd., Ste. C-102 

San Jose, CA 95131 

ITT Multicomponents 

Tel : 408-943-1200 

Fax : 408-943-1393 

Tel : 714-259-8258 

Fax : 714-259-0828 

Tel : 714-837-9960 

Fax : 714-837-8308 

Tel : 916-363-6030 

Fax : 916-362-6926 

Tel : 408-453-1404 

Fax : 408-453-1407 

5 Jenner Street Tel : 714-727-4001 

Irvine, CA 92718 Fax : 714-727-2109 

Jaco Electronics 

2282 Townsgate Road, Ste. 100 Tel : 805-495-9998 

Westlake Village, CA 91361 Fax : 805-494-3684 

Jaco Electronics 
2880 Zanker Road, Ste. 202 Tel : 408-432-9290 · 

San Jose, Ca 93134 Fax : 408-432-9298 
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COW RADO 

All American Semiconductor 

25676 S. Norman Court 

Denver, CO 80224 

Aved Electronics 

4090 Y oungsfield 

Wheat Ridge, CO 80033 

IEC(Corporate Office) 

420 E. 58th Avenue 

Denver, CO 80216 

!EC 

5750 N. Logan St. 

Denver, CO 80216 

CONNECTICUT 

GRS Electronics, Inc. 
296 North Piains Highway 

Wallingford, CT 06492 

Millenium Electronics 

3872 Main Street 

Bridgeport, CT 06606 

FLORIDA 

Tel : 303-756-0817 

Fax : 213-320-7207 

Tel,: 303-422-1701 

Fax : 303-422-2529 

Tel : 303-292-6121 

Fax : 303-297-2053 

Tel : 303-292-6121 

Fax : 303-292-0114 

Tel : 203-265-2078 

Fax : 203-265-4274 

Tel : 203-372-2037 

Fax : 203-374-3201 

All American Semiconductor(Corporate Office) 

16251 NW 54th Avenue Tel : 305-621-8282 
Miami, FL 330IJ 

All American Semiconductor 
5009 Hiatus Road 

Sunrise, FL 33351 

GRS Electronics, Inc 

296 North Wickem Road, 

Melbourne, FL 32935 

ILLINOIS 

Components. Inc. 

l 989J University Lane 

Lisle, IL 60532 

!EC 

Fax : 305-620-7831 

Tel : 305-572-7999 

Fax : 305-749-9229 

Tel : 407-242-8157 

Fax : 407-242-2372 

Tel : 708-852-7707 

Fax : 708-852-0263 

2200 N. Stonington Ave., Ste. 210 Tel : 708-843-2040 

Hoffman Estates, IL 60195 Fax : 708-843-2320 

NEP Electronics 
805 Mittie Drive 

Wooddale, IL 60191 
Tel : 708-595-8500 

Fax : 708-595-8706 



DISTRIBUTORS 

QPS Electronics, Inc. MICIIlGAN 
101 Commerce Drive Tel : 708-884-6620 

Schaumburg, IL 60173 Fax : 708-884-7573 
Advent Electronics, Inc. 

24713 Crestview Court Tel : 313-477-1650 

Voyager Electronics Farmington Hills, MI 48335 Fax : 313-477-2630 

804 Thorndale Avenue Tel : 708-860-1300 

Bensenville, IL 60106 Fax : 708-860-1573 
CAMRPC 

32468 Schoolcraft Rd. Tel : 313-427-4800 

INDIANA Livonia, MI 48150 Fax : 313-427-4820 

Altex Electronics RM Electronics( Corporate Office) 

12774 Old Meridian St. Tel : 800-783-2589 4310 Roger B Chaffee Tel : 616-531-9300 

Carmel, IN 46032 Fax : 317-844-6593 Memorial Drive, SE Fax : 616-531-2990 

CAMRPC 
Grand Rapids, MI 49548 

1329 W. 96th St. Ste. 10 Tel : 317-580-9999 MINNESOTA 
Indianapolis, IN 46260 Fax : 317-580-9615 

All American Semiconductor 

RM Electronics 11407 Valley View Road Tel : 612-944-2151 
1329 W. %th St., Ste.· 10 Tel : 317-843-9403 Eden Prairie, MN 55344 Fax : 612-944-9803 

Indianapolis, IN 46260 Fax : 317-580-9615 
NEW JERSEY 

MARYLAND 
Marlac Electronics 

GRS Electronics 311 New Albany Road Tel : 609-234-4200 

6925 East Oakland Mills Rd. Tel : 609-964-8560 Moorestown, NJ 08057 Fax : 609-234-0672 

Columbia, MD 21045 Fax : 609-964-0423 
GRS Electronics, Inc.(Corporate Office) 

All American Transistor 600 Penn Street Tel : 609-964-8560 

14636 Ruthgeb Drive Tel : 301-251-1205 Camden, ,New Jersey 08102 Fax : 609-964-0423 
Rockville, MD 20850 Fax : 301-251-8574 609-964-2585 

Jaco Electronics NEW YORK 
Rivers Center 

10270 Old Columbia Road Tel : 301-995-6620 
All American Semiconductor 

Columbia, MD 21046 Fax : 301-995-6032 
711-2 Koehler Avenue Tel : 516-981-3935 

Ronkonkoma, NY 11779 Fax : 516-981-3947 

MASSACHUSETTS 
CAMRPC 

All American Semiconductor 2975 Brighton Henrietta Tel : 716-427-9999 

107 Audubon, Ste. 104, Bldg. 2 Tel : 617-256-2300 
Town Line Road Fax : 716-427-7559 

Wakefield, MA 01880 Fax : 617-246-2305 
Rochester, NY 14623 

Jaco Electronics 
Jaco Electronics( Corporate Office) 

145 Oser Avenue Tel 1 : 800-645-5112 
1053 East Street Tel : 508-640-0010 

Hauppauge, NY 11788 Tel 2 : 516-273-5500 
Tewksbury, MA 01876 Fax : 508-640-0755 

Fax. : 516-273-5528 

Now Electronics 
Janesway Electronics( Corporate Office) 

28 Lord Road Tel : 508-460-0187 
404 N. Terrace Avenue Tel : 914-699-6710 Ill Marlborough, MA 01752 Fax : 508-460-0467 
Mt. Vernon, NY 10552 Fax : 914-699-6969 . 

Worldtronics Corp. Inc. 

68 Adler Road Tel : 617-769-2344 

Westwood, MA 02090 Fax: 617-769-4588 



DISTRIBUTORS 

Rome Electronics 

216 Erie Blvd. East 
Rome, NY 13440 

Rome Electronics 

340 Harris Hill Road, 
Williamsville. NY 14221 

NORTH CAROLINA 

Jaco Electronics 
3029-107 Stonybrook Drive 
Raleigh, NC 27604 

omo 
CAMRPC 

Tel : 315-337-5400 
Fax : 315-337-2388 

Tel : 716-626-1602 
Fax : 716-626-1609 

Tel : 919-876-7767 
Fax : 919-876-6964 

733H Lakeview Plaza Rd. Tel : 614-888-7777 
Worthington, OH 43085 Fax : 614-895-1550 

CAM RPC( Corporate Office) 
749 Miner Road Tel : 216-461-4700 
Cleveland, OH 44143 Fax : 216-461-4329 

Schuster Electronics 

11320 Grooms Road Tel : 513-489-1400 
Cincinnati, OH 45242 Fax : 513-489-8686 

OREGON 

/EC 

6850 S.W. 105th Ave., Ste. B 
Beaverton, OR 97005 

PENNSYLVANIA 

CAMRPC 
620 Alpha Drive 
Pittsburgh, PA 15238 

GRS Electronics, Inc. 

Tel : 503-641-1690 
Fax : 503-646-3737 

Tel : 412-963-6202 
Fax : 412-963-6210 

Route 183 & MacArthur Boulevard 
Airport lridustries, Bldg. No. 2 Tel : 800-255-5756 
Reading PA 19605 Fax : 215-375-4513 

TEXAS 
All American Semiconductor 
1819 Firman Dr., Ste. 127 
Richardson, TX 75081 

Jaco Electronics 

1005 Industrial Blvd. 
Sugarland, TX 77478 

Jaco Electronics 

2120 A West Braker 
Austin, TX 78758 
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Tel : 214-231-5300 
Fax : 214-437-0353 

Tel : 713-240-2255 
Fax : 713-240-6988 

Tel : 512-835-0220 
Fax : 512-339-9252 

Jaco Electronics 
4251 Kellway Circle 
Addison, TX 75244 

Janesway Electronics 

1701 N. Greenville Ave., Ste. 906 
Richardson, TX 7 5081 

Tel : 214-733-4300 
Fax : 214-250-0216 

Tel : 214-437-5125 
Fax : 214-699-3671 

Omni Pro Electronics(Corporate Office) 
4141 Billy Mitchell Tel : 214-233..0500, 
Dallas, TX 75244 800-926-8926 

Omni Pro Electronics 

1014 Castile Road 
Austin, TX 78733 

Omni Pro Electronics 

10101 Southwest Freeway, 
Suite 400 
Houston, TX 77074 

UTAH 

Aved Electronics 

1836 Parkway Blvd. 
Salt Lake City, UT 84119 

/EC 

2117 South 3600 West 
Salt Lake City, UT 84119 

WASIIlNGTON 

!EC 

1750 124th Ave., N.E. 
Bellevue, WA 98005 

Jaco Electronics 

Fax : 214-385-7508 

Tel : 512-794-9200 
Fax : 512-338-9576 

Tel : 713-270-1700 
Fax : 713·270-8020 

Tel : 801-975-9500 
Fax : 801-977-0245 

Tel : 801-977-9750 
Fax : 801-975-1207 

Tel : 206-455-2727 
Fax : 206-453-2963 

14400 Bell-Red Road, Ste. 110 Tel : 206-649-9867 
Bellevue, WA 98007 Fax : 206-649-8691 

WISCONSIN 

NEP Electronics 

2604-06 S. 162 Street 
New Berlin, WI 53151 

Progressive Image 

10617 W. Oklahoma Avenue 
Milwaukee, WI 53227 

Tel : 414-785-9100 
Fax : 414-785-9131 

Tel : 414-321-4722 
Fax : 414-321-4665 


