


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

DOD-D07 VOH - ____ -++-_ OPEN ----t-K 
Q8 VOL_ 

WRITE CYCLE 

DQO-DQ7 V1H -
08 V 1L _----- OPEN �-�-�-�~� 

1<---_---"1" 

THM94000S/L-80, 10 

08 
VOH- __________________________________ __ 

VOL_ OPEN ----------

_ :"W or "L" 
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THM94000S/L-80, 10 

OUTLINE DRAWINGS 

Unit in mm 

eTHM94000S 

1
.-______________ ~8~8.9~±~0~.1~3 ______________ ~ 

2-r2J3.1B± 0.05 

--,~-' 

00000 '" '" .... 

0000 I t~ 
0 

"l 
0 +1 ;;; +1 

'" ~ "! .. 
~t N 

~--~~~~~~~~UUUU~~~~L---~-o 

~----+O--~--+-I 
2.03 to.13 

7.62±0.13 

82.14 ± 0.13 

Contacts; Tin - Lead 

eTHM94000L 

i 
N 

~ 
N 

~1 

I. 81.2 ±O.I) .1 

00000 
0000 

73.66 
,~O.I 

·1 

8-68 

·1 

1.27 + 0.10 
-0.08 

5.08MAX. 

1·5.08MAX. 

0.25 + O.IS .1. -0.02 



1,048,576 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM36102CS is a 1.048.576 words by 36 bits dynamic RAM module which assembled 8 pcs of 
TC514400J and 4 pcs of TC511000AJ on the printed circuit board. The THM361020S can be as well 
used as 2.097.152 words by 18 bits dynamic RAM module. by means of connecting DQO and DQ18. 
DQ1 and DQ19. DQ2 and DQ20 •........• DQ17 and DQ35. respectively. The THM361020S is optimized 
for application to the systems which are required high density and large capacity such as main 
memory of the computers and as image memory systems, and to the others which are requested 
compact size. 

FEATURES 

• 1.048.576 words by 36 bits organization 
• Fast access time and cycle time 

THM361020 THM361020 

5·80 5·10 

tRAe RAS Access Time 80ns lOOns 

I"A Column Address 

Access Time 
40ns SOns 

le .. e CAS Access Time 20ns 2Snl 

tRe Cycle Time 1 SOns 180nl 

tpc Fast Page Mode 
SOns 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

D D 0 0 D D 

• Single power supply of 5V ± 10% 
• Low power 

6,160mW MAX. Operating (THMxxxxxx-80) 
5.280mW MAX. Operating (THMxxxxx):·lO) 

66mW MAX. Standby 
• CAS" before RAS refresh. RAS only refresh. I-Iidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs TIL compatible 
• 1024 Refresh cyclesl Sms (Burst Refresh) 
• 1024 Refresh cyclesl16ms (Distributed Refresh) 
• Tin·Lead Contact: THM361020S-S0.10 
• Gold Contact: THM361020SG·80.10 

PIN NAMES 

AO-A9 1 Address Inputs 

000-0035 Oal. InpuVOutPUti 

om-CJm Column Address Strobe ~ o I 
1IIIIIilllllllllllllllllllllllmnn 1111111111111111111111111111111111111 ~.!\An Row Address Slrobe ,.., 

1 36 37 72 
W Re.dlWrite Input 

Vee Power (+ SV) 

VII Ground 

PO Presence Detect Pin 

1 VII 13 Al 25 0024 371 0017 49 009 61 0014 - 80 I -10 
2 000 14 A2 26 007 38 0035 50 0027 62 0033 POO VII VII 
3 DQ18 15 A3 27 0025 39 VII 51 0010 63 0015 POI Vss VSI 
4 001 16 A4 28 A7 40 roo 52 0028 64 0034 P02 NC VII 
5 0019 17 A5 29 NC 41 "CArr 53 0011 65 0016 PD3 VII VII 
6 002 18 A6 30 Vee 42 CJm 54 0029 66 NC 

7 0020 19 NC 31 A8 43 m; 55 0012 67 POO 

8 003 20 004 32 A9 44 RASa 56 0030 68 POI 

9 0021 21 0022 33 NC 45 NC 57 00t3 69 P02 

to Vee 22 005 34 !\An 46 NC 58 D03t 70 P03 

11 NC 23 0023 35 0026 47 W 59 Vee 71 NC 

12 AO 24 006 36 Ooa 48 NC 60 0032 72 VSS 
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THM3610205-80, 10 
THM3610205G-80, 10 

BLOCK DIAGRAM 

roo 
R.03 0 

ro, 

iN 
AO·A9 

lro 

rl:S 
-J~ ,r{m 
-J~ 

Cti3 

rim m 
r---1Cti3 m rim 
'---1~ 

m 
rl~ 

---<jro 

ri~ 
-J~ 

ro 

rl~ 
-J~ 
rim 
"---1~ 

........ 

MO 
W 

T 

Ml 

w 
I 

M2 
iN 
T 

M3 
w 
T 

M4 

w 
T 

iN 
MS 

I 

M6 
W 

I 
M7 

iN 
T 

MS 
iN 
T 

M9 
iN 
T 

MIO 
iN 
T 

MIl 
iN 
J 

1/01 
1102 
1103 

AO·9 1104 

I 
1101 
1102 
1103 

AO·9 1104 

I 
Din 

Dout~ AO·9 

I 
1/01 
1102 
1/03 

AO·9 1/04 

1 
1/01 
1/02 
1/03 

AO·9 1104 

I 
Din 

AO·9 DOU1~ 
I 

1/01 
1/02 
1/03 

AO·9 1/04 

I 
1/01 
1/02 
1/03 

AO·9 1/04 

I 
Din 

Dout~ AO·9 

I 
1101 
V02 
1/03 

AO·9 1104 

I 
1/01 
1/02 
1103 

AO·9 1/04 

I 
Din 

AO·9 Dout I-----J 
I 

Vee 00----------"""1-----. MO·" 

Vss 0 T CO·" • MO.II 
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000 
DO 1 
002 
OQ3 

004 
DOS 
006 
007 

DQS 

DOg 
0010 

08" o 12 

DO 13 
DO 14 
DO 15 
OQ16 

0017 

0018 
D019 
0020 
DQ21 

08 22 o 23 
08 24 o 25 

0026 

0027 
0028 
0029 
DQ30 

DQ31 
OQ32 
DQ33 
OQ34 

OQ35 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V,N -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-125 

Soldering Temperature' Time TSOLDER 260' 10 

Power Dissipation PD 7.2 

Short Circuit Output Current lOUT SO 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V ,H Input High Voltage 2.4 -
V'L Input Low Voltage -1.0 -

8-71 

UNITS 

V 

V 

V 

·C 

·C 

'C, sec 

W 

rnA 

MAX. 

5.5 

6.S 

0.8 

THM361020S-80, 10 
THM361020SG-80, 10 

NOTES 

1 

1 

1 

1 

1 

1 

1 

1 

UNIT NOTES 

V 2 

v 2 

V 2 



THM361020S-80,10 
THM361020SG-80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

ICCI Average Power Supply Operating Current THM361020S·BO -
(RAS, CAS, Address Cycling: tRC = tRC MIN.) THM361 020S·1 0 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(m=CAS=V,H) 

m ONLY REFRESH CURRENT 

Ico Average Power Supply Current, m Only Mode THM361020S·BO -
(m Cycling, CAS = V'H: tRC = tRC MIN.) THM361020S·10 -
FAST PAGE MODE CURRENT 

Icc. Average Power Supply Current, Fast Page Mode THM361020S·80 -
(m = V'l, CAS Address Cycling: tpc = tpc MIN.) THM361020S·10 -
STANDBY CURRENT 

lees Power Supply Standby Current -
(m = CAS = Vee - 0.2V) 

CAS BEFORE m REFRESH CURRENT 

ICC6 Average Power Supply Current, CAS Before RAS THM361020S·80 -
Mode (m, CAS Cycling: tRC = tRC MIN.) THM361 0205·1 0 -
INPUT LEAKAGE CURRENT 

I'll) Input Leakage Current. any Input -120 

(OVSV'NS6.SV, All Other Pins not under Test=OV) 

lOll) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVS VOUTS S.SV) 
-10 

IOH 
OUTPUT LEVEL 

Output HW Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOl 

Output HL· Level Voltage (lOUT = 4.2mA) -

8-72 

MAX. UNITS NOTES 

1120 mA 3,4 

960 

24 mA 

1120 mA 3 

960 

760 mA 3,4 

640 

12 mA 

1120 mA 3 

960 

120 I'A 

10 I'A 

- V 

0.4 V 



THM361 0205-80, 10 
THM3610205G-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V+10%, Ta =O-70°C) (Notes 5, 6, 7) 

THM36 10205·80 THM361020S·IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRe Random Read or Write Cycle Time 150 - 180 - ns 

tpe Fast Page Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from m - 80 - 100 ns 8, 13 

tCAC Access Time from m - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - 50 ns 8, 14 

tCPA Access Time from m Precharge - 45 - 5S ns 8 

tCLl CAS to Output in Low·Z a - a - ns 8 

tOFF Oulput Buffer Turn·off Delay a 20 a 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP m Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRMP RAS Pulse Width (Fast Page Mode) 80 200.000 100 200,000 ns 

lRSH m Hold Time 20 - 25 - ns 

tCI" m Hold Time 80 - 100 - ns 

tCAS m Pulse Width 20 10,000 25 10,000 ns 

tReo RAS to m Delay Time 20 60 2S 75 ns 13 

lRAO m to Column Address Delay Time 15 40 20 50 ns 14 

tCRP m to RAS Precharge Time S - 10 - ns 

tcP m Precharge Time (Fast Page Mode) 10 - 10 - ns 

tASR Row Address Set·Up Time a - a - ns 

tRAH Row Address Hold Time 10 - 15 - ns 

lASC Column Address Set·Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

toRAS 
60 - 7S - ns . 

tRAl Column Address to m Lead Time 40 - 50 - ns 

tRCS Read Command Set·Up Time 0 - 0 - ns 

tACH Read Command Hold Time 0 - 0 - ns 10 

tRRH 
Read Command Hold Time referenced 

toRAS 
0 - 0 - ns 10 

tWCH Write Command Hold Time IS - 20 - ns 

tweR 
Write Command Hold Time referenced 

10RAS 
60 - 75 - ns 
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THM361020S-80, 10 
THM361020SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

THM361020S·80 THM361 0205·1 0 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pul,e Width 15 - 20 - n, 

tRwL Write Command to ~ Lead Time 20 - 25 - n, 

tcwL Write Command to rn Lead Time 20 - 25 - no 

tos Oate Set·Up Time a - 0 - n, 11 

tO~t Date Hold Time 15 - 20 - n, 11 

tOHR Oata Hold Time referenced to m 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twel Write Command Set·UP Time a - a - ns 12 

ICIR CAS Set·Up Time (00 before RAS Cycle) 5 - 10 - ns 

teHR CAS Hold Time (ro before m Cycle) 15 - 20 - ns 

tRPC m to ro Precharge Time a - a - ns 

lePT 
00 Pre charge Time (00 before iiM 
Counter Test Cycle) 

40 - 50 - ns 

tw~p 
WRITE to m Precharge Time 

10 - 10 -(CAS before m Cycle) 
ns 

WRlT~ to RA~ Hold Time 
tWRH (ro before Jtti3" Cycle) 

10 - 10 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1 MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 8B pF 

Cl2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (mo. i!AS2) - 42 pF 

CI4 Input Capacitance(~-~) - 36 pF 

COOl I/O Capacitance (000-7, 9-16.18-25.27-34) - 17 pF 

CD02 I/O Capacitance (DQB. 17.26.35) - 22 pF 
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NOTES: 

THM3610205-80, 10 
THM3610205G-80, 10 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages al'e referenced to V 55. 

3. ICCI. ICC3. ICC4. ICCG depend on cycle rate. 

4. lCCl, lCC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200llS is required after power-up followed by 8 nAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 

RAS ini tialization cycles instead of 8 RAS" cycles are required. 

6. AC measurements assume tT=5ns. 

7. VlIl(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VII •. 

B. Measured with a load equivalent to 2 TIL loads and 100pF. 

9. tOl'l'·(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tilCII or tRIUI must be satisfied for a read cycle. 

11. These parameters are referenced to exg'leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcss: twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circui t (high impedance). 

13. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. 

tRco(max.) is specified as a reference point only: If tilCO 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. 

tRAo(max.) is specified as a reference point only: rftRAO is greater than the specified tRAo(max.l 
limit, then access time is controlled by tAA. 
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THM3610205-80, 10 
THM3610205G-80, 10 

READ CYCLE 

VIH _ 

VIL-__ ..J 

V 1H -

AO-A9 V1l - === 1"-----71 

DQO- VOH- ____ _ 

DQ35 VOl -

IB : "W or "L" 
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EARLY WRITE CYCLE 

OQO- V'H­
OQ35 V'L-

8-77 

THM3610205-80, 10 
THM3610205G-80, 10 

_ : "H"0' "l" 



THM361020S-80,10 
THM361020SG-80, 10 

FAST PAGE MODE READ CYCLE 

OQO- VOH- ----------+~WXl 
OQ35 VOl-

8·78 

• VALID DATA OUT 

_ :"W or "L' 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

WRITE ~'H­IL _ 

OQO- V,H -

DQ35 V,L-

8-79 

THM3610205-80, 10 
THM3610205G-80, 10 

VALID OATA IN 

_ : oW or."LH 



THM361020S-80, 10 
THM361020SG-80, 10 

RAg ONLY REFRESH CYCLE 

1\ • 

I~ 

if 

tMR tRIoI" -

Note: WRi'f! = oW or °L· 

'BI~ 

8-80 

t. I 
• t •• • 

.-1 '\ .j/ 

f;t""'-_.I 

\J 

_ :"H" or "L" 



"CAS BEFORE R:i\S REFRESH CYCLE 

V,H -
AAS V,L -~_--J 

THM3610205-80, 10 
THM3610205G-80, 10 

OQO- V,H 
OQ35 V,L 

'J----,------- OPEN --_--____ _ 

_ : "W or "L" 

Note: AO-A9 = • W or "L" 
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THM3610205-80, 10 
THM3610205G-80, 10 

HIDDEN REFRESH CYCLE (READ) 

V,H -

AO-A9 V,l _=== ~"--_-" 

V ,H -
WRiTE V'l_ === 

DQO- VOH -----:....-----4_ 
DQ35 VOl-
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HIDDEN RE]<'RESH CYCLE (WRITE) 

V'H 
AO-A9 v" 
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THM3610205-80, 10 
THM3610205G-80, 10 

CJ\S BEFORE ltAS REFRESH COUNTER 'rEST CYCLE 

READ CYCLE 

l/00~03~ ~~~~ -----:--'-- OPEN 

V," =~::::=:=I-!~==-------l-W~ 
WRITE V,L 

WRITE CYCLE 

[

Wimt ~:z 

000- V,H -
OQ35 V,L _-----OPEN ---<I 

-------" 
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OUTLINE DRAWINGS 

'" '" ... 
VI 

0 0 

'" +1 +1 
0 VI ., "'! 

'" "'i--
N 

t V 
II 1.27 

2.0H 0.13 II 
6.35±0.13 95.25 ± 0.08 

3.38 ± 0.13 101.19 ± 0.13 

BACK SIDE 

• TIIM3GI020S 

Contacts: Tin· Lead 

'I 1.0.9 ± 0.08 · ooo-~ 
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Contacts: Gold 

THM3610205-80, 10 
THM3610205G-80, 10 

Unit in mm 

I ~.89MAX. 

• TllM3GI020S0 

'I 1,1.04 ± 0.05 · ooo-~ 
i I~ .,., .... 
o 



NOTES 



1,048,576 WORDSx40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM401020SG is a 1,048,576 words by 40 bits dynamic RAM module which assembled .10 pes of 
TC514400J on the printed circuit board. 

The THM401020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• 1,048,576 words by 40 bits organization 
• Fast access time and cycle time 

THM401020 THM401020 

SG·80 SG·IO 

tRAC m Access Time 80ns lOOnS 

tAA Column Address 

Access Time 
40ns SOns 

ICAC CAS" Access Time 20ns 2Sns 

tRe Cycle Time 1 SOns 180ns 

Ipe fast Page Mode 

Cycle Time 
50ns 60ns 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5VilO,*, 
• Low power 

5,775mW MAX. Operating(THMxxxxxx·SO) 
4,950mW MAX. Operating(THMxxxxxx·lO) 

55mW MAX. Standby 
• Read.Modify.write,m before nxg refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 
• 1024 Refresh cyclesl16ms 
• Gold Contact 
• JEDEC OUTLINE 
• NON JEDEC OUTLINE 

PIN NAMES 

: THM401020SG-80, 10 
: THM401040SG-80, 10 

~·","""Q"""g""1II gllll"QIIIII"QII""'" 
·1 '""'" "",,, 

AO-A9 Address Inputs 

OQO-oQ39 oala Inputs/Outputs 

CAS" Column Address Strobe 

m Row Address Strobe 

l· DO DOD 
I 11111111111111111111l1li1111111111111 " 1111111111111111111111111111111111111 ·1 

W ReadlWrite Input 

N Output Enable 
THM401040SG Vee Power ( +5V) 

Vss Ground 

PO Presence Detect Pin 
1 n 

1 Vss 13 Al 25 OQ13 37 OQ19 49 OQ22 61 OQ33 -80 -10 

2 OQO 14 A2 26 OQ14 38 OQ20 SO oQ23 62 OQ34 POO Vss Vss 

3 oQl 15 A3 27 oQ15 39 Vss 51 OQ24 63 oQ35 POI Vss Vss 

4 OQ2 16 A4 28 A7 40 CAS" 52 oQ2S 64 oQ36 PDZ NC Vss 

5 OQ3 17 A5 29 oQ16 41 NC 53 OQ26 65 oQ37 P03 Vss VSS 

6 OQ4 18 A6 30 Vee 42 NC 54 OQ27 66 OQ38 

7 OQ5 19 N 31 A8 43 NC 55 OQ28 67 POO 

8 DQ6 20 DQ8 32 A9 44 m 56 DQ29 68 POI 

9 OCp 21 OQ9 33 NC 45 NC 57 OQ30 69 P02 

10 Vee 22 oQiO 34 NC 46 OQ21 58 OQ31 70 P03 

11 NC 23 OQ11 35 OQ17 47 W 59 Vee 71 OQ39 

12 AD 24 OQ12 36 OQ18 48 Vss 60 OQ32 n Vss 
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THM401020SG-80,10 

BLOCK DIAGRAM 

0 ]ro 1/01 
1/02 0 W MO 1/03 0 

OE W AO-9 1/04 0 

H~ 
1/01 - Ml 1/02 " 1/03 " OE W AO-9 1/04 " 

H~ 
1/01 

0- M2 
V02 
V03 

OE W AO-9 1104 

H~ 
1/01 

0- M3 V02 " 1/03 0 
OE W AO-9 1/04 0 

r 
H~ 

1/01 

f- 1/02 0 
M4 1/03 0 

OE W AO-9 1/04 0 

H~ 
1/01 

f- M5 
1/02 
1/03 

OE W AO-9 V04 

I I 

H~ 
1/01 

f- 1102 
M6 1/03 

OE W AO-9 1104 

I 

H~ 110)1:-
'""" M7 

1/02--
1/03 ----0 

OE W AO-9 1/04 " 

R~ 
1/01 0 

~ 
1/02 0 

M8 1/03 0 
OE W AO-9 1/04 0 

~~ 
1/01 " 

M9 1/02 " 
I/o~I----o 

OE W AO-9 1/04 " 

W 
AO-A 9 

Vee 0---------1r------. MO-9 

Vss 0 T CO-g • MO-9 
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08°. o 1 
08 2 o 3 

084 
o 5 o 6 
OQ7 

008 
08 9 o 10 
OQll 

0~'2 o 13 o 14 
o 15 

OQ 16 
OQ17 
08 '8 o 19 

OQ20 
0021 
OQ22 
OQ23 

OQ24 
OQ25 
OQ26 
OQ27 

08 28 o 29 
OQ30 
OQ31 

0~32 o 33 
o 34 
o 35 

08 36 o 37 
OQ38 
OQ39 



THM401020SG-BO, 10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-125 ·C 1 

Soldering Temperature· Time TSOLOER 260·10 ·C . sec 1 

Power Dissipation Po 6.0 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.S 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

VIL Input low Voltage -1.0 - O.B V 2 
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THM401020SG-80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 

ICCl Average Power Supply Operating Current THM40I 020SG·80 - 1050 mA 3,4,5 

(m, re, Address Cycling: tRC" tRC MIN. ) THM401020SG·l0 - 900 

STAND8Y CURRENT 

lee2 Power Supply Standby Current - 20 mA 

(liAS"=re=VIH) 

liAS" ONLY REFRESH CURRENT 

lee3 Average Power Supply Current, lIAS" Only Mode THM401020SG·80 - 1050 mA 3,5 

(liAS" Cycling, re .. VIH: tRC" tRc MIN. ) THM40102OSG·IO - 900 

FAST PflGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode THM401020SG·80 - 700 mA 3,4,5 

eliAS" .. VIL, re Address Cycling: tpc" tpc MIN. ) THM401020SG·l0 - 600 

STAND8Y CURRENT 

Ices Power Supply Standby Current - 10 mA 

(liAS"=U3"=Vce- O.2V) 

CAS BEFORE m REFRESH CURRENT 

ICC6 Average Power Supply Current, re Before lIAS" THM401020SG·80 - 1050 mA 3 

Mode (m, .CAS Cycling: tRC = tRC MIN.) THM401020SG·IO - 900 

INPUT LEAKAGE CURRENT 

IIIL) Input Leakage Current, any Input -100 100 pA 
(OV:Ii VIN:Ii 6.SV, All Other Pins not under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, OV:Ii VOUTS 5.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 

Output "W Level Voltage (lOUT" - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0-70°C) (Notes 5, 6, 7) 

THM401020 THM401020 

SYMBOL PARAMETER SG-80 SG-IO UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 

tRMW Read-Modify-Write Cy~le Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

105 Cycle Time - 125 - ns 

tRAC Access Time from m 80 100 
9,14 - - ns 
IS 

teAC ':';,ess Time from <::AS" - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 40 - 50 ns 9,15 

tePA Access Time from ro Precharge - 45 - 55 ns 9· 

tell <::AS" to output in low-Z 0 - 0 - ns 9 

toFF Output Buffer Turn-off Delay 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 

tRP m Precharge Time 60 - 70 - ns 

tRAS m Pulse Width 80 10,000 100 10,000 ns 

tRASP Jii53 Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH Jii53 Hold Time 20 - 25 - ns 

tRHCP 
m Hold Time From <::AS" Precharge 

45 - 55 - ns (Fast Page Mode) 

tesH CAS Hold Time 80 - 100 - n5 

teAS CAS Pulse Width 20 10,000 25 10,000 ns 

tReD m to <::AS" Delay Time 20 60 25 75 ns 14 

tRAD m to Column Address Delay Time 15 40 20 50 ns 15 

teRP <::AS" to m Precharge Time 5 - 10 - ns 

tep 
ro Precharge Time 

10 - 10 - ns (Fast Page Mode) 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - IS - ns 

tAse Column Address Set-Up Time 0 - 0 - ns 

leAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

60 75 tom - - ns 

tRAL Column Address to m Lead Time 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM401020 THM401020 

SYMBOL PARAMETER SG-80 SG-l0 UNITS NOTES 

MIN. MAX. MIN. MAX. 

Read Command Hold Time referenced 
tRRH 

to AA! 
0 - 0 - ns 11 

tweH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
tweR 

tom 
60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 

tRWL Write Command to m Lead Time 20 - 25 - ns 

tCWL Write Command to m Lead Time 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - ns 12 

tOH Data Hold Time 15 - 20 - ns 12 

tOHR Data Hold Time referenced to liAS" 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-UP Time 0 - 0 - ns 13. 

tewD CAS to WRITE Delay Time 50 - 60 - ns 13 

tRWO liAS" to WiU'it Delay Time 110 - 135 - ns 13 

tAWO Column Address to WRITE Delay Time 70 - 85 - ns 13 -
tepwD CAS Precharge to WRITE Delay Time 75 - 90 - ns 13 

tesR CAS Set-Up Time(CAS before liAS" Cycle) 5 - 5 - n5 

teHR CAS Hold Time(CAS before liAS" Cycle) 15 - 20 - ns 

tRPC m to CAS Preeharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before liAS" 

40 50 
Counter Test Cycle) - - ns 

tROH m Hold Time referenced to M 10 - 20 - ns 

tOEA ill Access Time - 20 - 25 n5 

tOED ill to Data Delay 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 
from ill 0 20 n5 10 

toEH ill Command Hold Time 20 - 25 - ns 

tWRP 
WRiTE to m Precharge Time 

10 - 10 
(CAS before m Cycle) - ns 

tWRH 
WiU'it to m Hold Time 

(m before m Cycle) 
10 - 10 - ns 
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CAPACITANCE (Vee = sv ± 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 65 pF 

CI2 Input Capacitance (W,M) - 65 pF 

CI3 Input Capacitance (l\7i3) - 50 pF 

CI4 Input Capacitance (ro) - 60 pF 

COQ I/O Capacitance (OQO-OQ39) - 17 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = VIL and 'CAS = Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 ltAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 'CAS before HAS 
initialization cycles instead of 8 HAS cycles are required. 

7. AC measurements assume tT=Sns. 

8. Vm (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 2 TIL loads and 100pF. 

10. tOl'F (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tacH or tHHH must be satisfied for a read cycle. 

12. These parameters are referenced to 'CAS leading edge in early write cycles and to WRITE leading 
edge in read·write cycles. 

13. twcs, tHWD, tCWD. tAWD and tCPwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit(high impedance) throughout the entire cycle; 

If tRwD~tRWD (min.), tcWD~tcWD (min.), tAWD~tAWD (min.) and tcPWD~tcPWD (min.), the cycle 
is a read-modify-write cycle and the 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tHAD (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. 
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READ CYCLE 

V,H 
RAS 

V,L -

V,H-
eM 

V,H 
AO-A9 

V,L 

V'H 
WRITE 

V,L 

V,H 
OE 

V,L -

OQO- VOH-

OQ39 VOL-
DATA-OUT 

~: oW or "L" 
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WRITE CYCLE (EARLY WRITE) 

VIH-
W 

V1L -

CAS 
V 1H -

VIH 
AO-A9 

VIL 

VIH 
WRITE 

V 1L 

OE 

DQO- VIH-

DQ39v1L -
OPEN .. J 

~: oW or "L" 
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WRITE CYCLE (~ CONTROLLED WRITE) 

V'H-m 
V'L -

CAS 
V'H-

V'L 

V'H 
AO-A9 

V'L 

V'H 
WRiTE 

V'L 

VIH 
DE 

V'L 

000- V'H 

0039 V'L -

~: HW or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH 
m 

VIL -

~ 
VIH-

VIL 

VIH 
AO-A9 

VIL 

VIH _:------II-----II---t-------i. 

VIH -:------...;~---...;~-.:....,. 

V1L -;........--~:------o:--~+-" 

000- VI/OH-

--------------~~Xl OQ39 VI/OL -

~: "W or "L" 
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FAST PAGE MODE READ CYCLE 

AO-A9 

DQO- VOH -

--------------~~~ DQ39 VOL _ 

~: ow or "L" 
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FAST PAGE MODE WRITE CYCLE 

ro 

VIH 
AO-A9 

VIL 

VIH 
WRi'f! 

VIL 

M 

~: "W or "L" 
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FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

---- VIH 
RAS V 

IL 

OQO- VI/OH­
DQ39 VIIOL- -_._--+-M.::xJ 
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RAS ONLY REFRESH CYCLE 

tRP I 
RAS 

VIH 

VIL 

tRAS 
.~ • • 

CAS 
VIH-

VIL 

I·!CR~ !R'i·1 
1 \....J 

VIH 

tASR tRAH 
1..+ ---

AO-A9 VIL 

NOTE: WRITE, OE ="W or"L" ~: "Wor"L" 

"CAS' BEFORE RAS REFRESH CYCLE 

DQO­
DQ39 

VOH 

VOL 
:::::)----------------------------------------"-"-OPEN------------------------------------

NOTE : OE, AO-A9 = HH" or "L" ~: "WorHL" 
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HIDDEN REFRESH CYCLE (READ) 

V'H-
RAS V'l-

CAS V,l 

AO-A9 V,l 

WRITE V,l 

V'H-
OE V'l-

000- VOH-

0039 VOl -

~ : "H"or"L" 

HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

000-
0039 

'RC • R, • . teas .~ ~ 
tAR • tRAS • 1\ 

tCRP tRCO tR~H tcRP - • tRAQ tCHR 
• • • 

tASR -+-C 
tASc;.., -~ -<+:)tRAH 

~.A~?"'ft~ CP'}NM~~ 
r 1 

V,L I I t~ I. tw,H ._t~lb 
~: =~. i .~'7)lwJ'7)l:';'==;;;:;wa""~'7)l=='7)l. ====== 

~:~= 

~I . tQS .1 I. tPH : 

~:~ = VALID DATA-IN 

I~ tOHR • 

~ : "H"or"L" 
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(jAg BEFORE RAE REFRESH COUNTER TEST CYCLE 

m VIH-

VIL -

CAS 
VIH-

VIL-

VIH -
AO-A9 VIL-

READ CYCLE 

OE 

VIH­

VIL-

VIH _. ----.;.;....------.;.;....-"\�...!<~I 

VIL -----...------:---....,-.,---1'--+-----"1'" 

.. ,;:;::: 

DQu- VOH-----~--,OPEN--_t~~~~~~;;~~~~~::~~----DQ39 VOL -

WRITE CYCLE tWR. tWRH 

WRITE 

DQO- VIH-
DQ39 VIL _-----IH-

READ-MODiFY-WRiTE 

WRiTE 
VIH-

VIL-

VIH-
OE VIL-

DQO- VIIOH -------------~~~~~~[::!JE~~~!:-------
DQ39 VltOL - ~ 

~ : "H"or"l" 
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OUTLINE DRAWINGS 

• THM401020SG 

FRONT SIDE 2·0318 ±O.OS 

1~ ____________ ~10~7~.9S~±~0~.1~3 ________________ '11 ~ 

--,---.!/ ~ M .... 

mTTTTTTTTTTTTITO 0 0 /l~ ~ 
: II! 

0 0 0 0 a: +1 +1 
0 '" ... ""! 

'" <D:--
N 

t V 

II 1.27 

2.03 ± 0.13 II 
6.35 ± 0.13 -
3.38±0.13 

BACK SIDE 

Contacts: Gold 

I "" Rl.S7±0.10 

6.35 ±0.08 

95.25 ± 0.08 

101.19+0.13 

'I 1 ,1.04 ± 0.05 

· DOO-~ 
x 
~ 
'" N 

o 

I~ 
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2,097,152 WORDS X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM322020S is a 2,097,152 words by 32 bits dynamic RAM module which assembled 16 pes of 
TC514400J on the printed circuit board. The THM322020S can be as well used as 4,194,304 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, 
...... , DQ15 and DQ31, respectively. The THM322020S is optimized for application to the systems which 
are required high densHy and large capacity such as main memory of the computers and as image 
memory systems, and to the others which are requested compact size. 

FEATURES 

• 2,097,152 words by 32 bits organization 
• Fast access time and cycle time 

THM322020 THM322020 
So80 Sola 

tRAr m Access Time 80ns lOOns 
tM Column Address 

40ns SOns Access Time 

teAe ro Access Time 20ns 2Sns 

tor Cvcle Time I SOns 180ns 

tpc fast Page Mode 
SOns 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

~ 
CJc::JDD 
CJc::JDD 

1111I1I1I111111111I1I111iI11I1I111I1I " IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHlIlIl 

1 36 37 72 

1 V .. 13 AI 25 DQ22 37 NC 

2 DQO 14 A2 26 DQ7 38 NC 
J DQ16 15 AJ Z7 DQ23 39 V •• 
4 DQl 16 A4 28 A7 40 tASU 
5 DQ17 17 AS 29 Ne 41 ro2 
6 DQZ ,. A6 30 Vee 42 tASJ 
7 0018 19 NC 31 AI 43 roT 
8 003 ZO 004 32 A9 44 mG 
9 0019 21 DOZO 33 AAn" 45 mT 

10 Vee 22 DQ5 34 mI 46 NC 
11 NC 23 DQ21 35 NC 47 W 
12 AO 24 DQ6 36 NC 48 NC 

• Single power supply of 5V±10% 
• Low Power 

4,708mW MAX. Operating (THMxxxxxx.80) 
4,048mW MAX. Operating (THMuxxu·lO) 

88mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, Hidden 

refresh, and Fast Page Mode capability. 
• All inputs and outputs TIL compatible. 
• 1024 Refresh cycleS/16ms 
• Tin-Lead Contact: THM322020S-80, 10 
• Gold Contact: THM322020SG-80, 10 

PIN NAMES 

·1 

AO-A9 Address Inputs 

DQO-DQ31 Data Input/Output 

rou-mJ Column Address Strobe 

mG-mJ Row Addre" Strobe 

W ReadlWrite Input 

Vee Power(+SV) 

Vss Ground 

PO Presence Detect Pin 

49 DQ8 61 DQIl -80 -10 
50 DQ24 62 DQ30 

POD NC NC 
51 DQ9 63 DQ14 

POI NC NC 
52 DQ25 64 DQ31 

NC 
53 DQ10 65 0015 

PD2 Vu 
POl V" V •• 

DQ26 54 66 NC 
55 DQ11 67 POD 
56 DQZ7 68 POI 
57 0012 69 PDZ 
58 DQ28 70 POl 
59 Vrr 71 NC 
60 DQ29 72 Vss 
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w~--------~----+-----------------+---~ 
A~A9~--------------~------------------~ 

Vee <>o--------------------------l~-----------. M~15 

I C~15 

Vu <>0----------__ --------____ ....._-1-------------... M~15 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1.0-7.0 

Output Voltage Vour -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-125 

Soldering Temperature' Time TSOLDER 260'10 

Power Dissipation PD 7.2 

Short Circuit Output Current lour 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
VIL Input Low Voltage -1.0 -

8-109 

UNITS 

V 

V 

v 

'C 

'C 

'C'sec 

W 

mA 

MAX. 

5.5 

6.5 

0 .• 

THM322020S-80, 10 
THM322020SG-80, 10 

NOTES 

1 

1 

1 

1 , 
1 

1 

1 

UNIT NOTES 

V 2 

V 2 

V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = SV:t 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

ICC 1 Average Power Supply Operating Current THM3220205-80 -
(m, m, Address Cycling: tllC.t~cMIN.) THM322020S·10 -
STANDBY CURRENT 

leez Power Supply Standby Current -
(m=m"VIH) 

m ONLY REFRESH CURRENT 

leo Average Power Supply Current, lIAS Only Mode THM322020s-a0 -
(m Cycling, m .. VIH: tRe" tRe MIN.) THM3220205-10 -
FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode THM322020s-aO -
(m" VIL, m Address Cycling: tpe" tpc MIN.) THM3220205-IO -
STANDBY CURRENT 

Ices Power Supply Standby Current -
(m.m.Vce-O.Zy) 

m BEFORE lIAS REFRESH CURRENT 

!eC& Average Power Supply Current, m Belore lIAS THM322020S·BO -
Mode (m, ro Cycling: tRe. tRe MIN.). THM322020S·IO -
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -160 

(OV:5VIN:56.SV, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:5 VOUT:5 S.SV) 
-20 

OUTPUT LEVEL 
IOH 

Output "W Level Voltage (loUT" - SmA) 
2.4 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT. 4.2mA) -
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MAX. UNITS NOTES 

856 mA 3,4 

736 

32 mA 

856 mA 3 

736 

576 mA 3,4 

496 

16 mA 

856 mA 3 

736 

160 jIA 

20 jIA 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70·C)(Notes 5, 6, 7) 

THM322020S-80 THM322020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

IRe Random Read or Wrile Cycle Time 150 - 180 - ns 

tpe ,,lst Page Mode Cycle Time 50 - 60 - ns 

lRAe Access Time from W - 80 - 100 ns 8,13 

tue Access Time from m - 20 - 25 ns 8,13 

tM Access Time from Column Address - 40 - 50 ns 8, 14 

tePA Access Time from m Precharge - 45 - 55 ns 8 

tell m to Outpul in Low-Z 0 - 0 - ns 8 

to" Output Buffer Turn-off Delay 0 20 0 20 ns 9 

tT Transition Tim. (Rise and FIll) 3 50 3 50 ns 7 

tR' W Precharge Time 60 - 70 - ns 

tRAS m Pulse Width 80 10,000 100 10,000 ns 

lRAS' W Pulse Widlh (Fast Page Mod.) 80 200,000 100 200,000 ns 

tRIM m Hold Time 20 - 25 - ns 

tcsH m Hold Time 80 - 100 - ns 

teAs m Pulse Widlh 20 10,000 25 10,000 ns 

tReD m to m Delay Time 20 60 25 75 ns 13 

tRAD m to Column Address Delay Time 15 40 20 50 ns 14 

teRP m to m Precharge Time 5 - 10 - ns 

te, m Precharge Time (Fast Page Mode) 10 - 10 - ns 

IASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 15 - ns 

lASe Column Address Set-Up Time 0 - 0 - ns 

leAH Column Address Hold Time 15 - 20 - ns 

Column Address Hold Time referenced 
60 75 tAR 

tom - - ns 

tlW. Column Address to lIAS" Lead Time 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Tim. 0 - 0 - ns 10 

Read Command Hold Time referenced 
0 0 10 lROH 

tom - - ns 

tweH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
60 75 tweR 

tom - - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM322020S-BO THM3220205-IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width IS - 20 - ns 

tRWl Write Command to m Lead Tim. 20 - 2S - ns 

1<wt. Write Command to m Lead Time 20 - 25 - ns 

to! D.te Set-Up Time 0 - 0 - ns 11 

tOH Date Hold Time IS - 20 - ns 11 

tOH' Data Hold Time referenced to m 60 - 7S - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Comm.nd Set-UP Time 0 - 0 - ns 12 

tes. re Set-Up Time (m before m Cycle) 5 - 10 - ns 

teHR re Hold Time (re before m Cycle) 15 - 20 - ns 

tRPe m to re Precharge Time 0 - 0 - ns 

tePT 
re Precharge Time (m before m 

40 
Counter Test Cycle) - 50 - ns 

tWRP 
W1ii'rr to m before Precharge Time 

10 - 10 -(m before m Cycle) 
ns 

W1ii'rr to m Hold Time 
tWRH (re before m Cycle) 

10 - 10 - ns 

CAPACITANCE (Vee= SV± 10%, f= lMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 161 pF 

Cl2 Input C.p.citance (W) - 168 pF 

el3 Input Capacitance (~-AAn) - 42 pF 

CI4 Input Capacitance (mlJ-V3lJ - 42 !IF 

CDQI VO Cap.cit.nce (OQO-31) - 29 pF 
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NOTES: 

THM322020S-80, 10 
THM322020SG-80, 10 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause pennanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCI, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCI, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200liS 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 'C]\g before 
IiAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tor=5ns. 

7. VUi(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also. 
transition times are measured between VIH and VIL. 

8. Measured with a load equivalent to 2 TIL loads and 100pF. 

9. toFF(max.) defines the time at which the output achieves the open circuit condition and is 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. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs~ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. 
tRco(max.) is specified as a reference point only: If tRCO 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 meL 
tRAo(max.) is specified as a reference point only: IetRAo is greater than the specified tRAo(max.) 
limit, then access time is controlled by tAA. 
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OQO­
OQ31 

_ :"W or "L" 
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EARLY WRITE CYCLE 

V,H -
AO-A9 VIl_ 

000- V'H­
DQ31 V,L -
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FAST PAGE MODE READ CYCLE 

V,H 
AO-A9 V,~ 

DQO­
DQ31 

, VAUOOATAOUT 

~ :'H"O/'·L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

OQO- VIH­
OQ31 vl\.-

~ 8-117 
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'BAS ONLY REFRESH CYCLE 

V'H­
VOL _ 

V'H 
V'L-__ ..J 

Note: WJiJT[. "H" or "L" 

_ :"W or "L" 
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~ BEFORE AAS REFRESH CYCLE 

VIH -m vIL-___ ...J 

THM322020S-80, 10 
THM322020SG-80, 10 

OQO- V1H -----~ _______ _ 

OQ31 V1L _ -r OPEN ----------

rmI : "H" or "L" 

Note: AO-A9."H" or "L' 
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HIDDEN REFRESH CYCLE (REAP) 

8-120 
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HIDDEN REFRESH CYCLE CWRlTEl 

OQO- VIH­
OQ31 VII.-
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PAS' BEFORE BAS' REFRESH COUNTER TEST CYCLE 

V,H 
AO-A9 Va. 

READ CYCLE 

[~~~~ ~~~:" ____ ~_ OPEN 

WI(iTl V,H 
V'L 

WRITE CYCLE 

[

Wim ~:: 

DQO- V,H­
DQ31 VII. _---- OPEN ---<I "1'-___ -"' 
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OUTLINE DRAWINGS 

FRONT SIDE 

107.95% 0.13 
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0 Q 
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6.35 t 0.13 95.25%0.08 

3.38±0.13 101.19% 0.13 

BACK SIDE 

o 
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i 
CONTACTS: Gold 
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2,097,152 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM362020S is a 2.097.152 words by 36 bits dynamic RAM module which assembled 16 pes of 
TC514400J and 8 pes of TC511000AJ on the printed circuit board. The TllM362U2US can be as well 
used as 4.194.304 words by 18 bits dynamic RAM module. by means of connecting DQO and DQ18. 
DQl and DQ19. DQ2 and DQ20 ........ DQ17 and DQ35. respectively. The TIlM362020S is optimized for 
application La the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems. and to the others which are requested compact size. 

FEATURES 

• 2.097.152 words by 36 bils organization 
• Fast access time and cycle time 

THM362020 THM362020 
5·80 5·10 

tRAC RAS Acce .. Time 80n, lOOn, 
IAA Column Address 

40n, SOns Access Time 

!cAC ~'"S Access Time 20ns 25n, 

tRC Cyde Time 150n, 180ns 

tpc Fail Page Mod. 
Cycle Time 

SOns 60ns 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5V ± 10% 
• Low Power 

6.':'il2mW MAX. Operating (THMxxxxxx·80) 
5.412mW MAX. Operating (THMxxxxxx·l0) 

132mW MAX. Standby 
• CAS before lfJ\S refresh. RAS only refresh. Hidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs '1'I'L compatible. 
• 1024 Refresh cyclesl 8ms !Burst Hefresh) 
• 1024 Refresh cyclesl16ms (DisLl'ibuted Refresh) 
• Tin·Lead Contact: THM362020S·80. 10 
• Gold Contact: THM362020SU·80. 10 

PIN NAMES 

~1II11II1I!IEJ,E}~,~~1 
AO-A9 Address Inputs 

000-0035 Data InpuUOutput 

~SO-c:;m Column Address Strobe 

i\ASO-~ Row Address Strobe 

W ReadlWrit. Input 

1 36 31 12 Vee Power ( + 5V) 

Vss Ground 

PO Presence Detect Pin 

I V .. 13 AI 25 OQ24 31 DOH 49 009 61 0014 -80 - 10 
2 000 14 A2 26 OQ7 38 0035 SO OQ27 62 0033 

P~Q NC 
15 

NC 
3 0018 A3 27 OQ2S 39 Vss 51 DOlO 63 OQ15 

POI NC NC 
4 OQI 16 A4 28 A7 40 roll 52 OQ28 64 OQ34 

NC V .. 
i:ASl 

P02 
5 OQI9 17 AS 29 NC 41 53 OQ11 65 OQI6 

P03 V .. V" 
6 002 18 A6 30 Va 42 c:;m 54 OQ29 66 NC 

7 OQ20 19 NC 31 A8 43 roT 55 OQIl 67 POO 

8 003 20 OQ4 32 A9 44 l{ASQ 56 OQ30 68 POI 

9 0021 21 OQ22 33 ~ 45 roT 57 OQI3 69 P02 

10 Vrr 22 OQ5 34 Itm 46 NC 58 OQ31 70 P03 

II NC 23 DQ23 35 OQ26 47 W 59 Vu 11 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 V .. 
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BLOCK DIAGRAM 

~O~-r--------------------------------------------~ 000·3 
1/01 1/01 

MO I/O 2 1/02 MI2 
W AO.9:~g! :~g!AO.9 w 

004·7 

MI Mil 

CA~1 
1/01 

M3 1/02 MIS 
W AO'9::g~ W 

DO 13·16 
1101 1/01 

M4 1/02 1/02 M16 
W AO.9::g! ::g!AO.9 w 

M5 Din Din M17 
W AO·gDout Ooul AO·9 W 

ro2 
1/01 1/01 

m2 M6 1/02 1/02 M18 
W AO.9::g! ::g!AO.9 w 

DO 22·25 
1/01 I/O 1 

M7 1102 1/02 MIg 
W AO.g'/O 3 ::g!AO.9 w 1/04 

M8 Din Din M20 
W AO·9 Dout Dout AO·9 W 

~3 
1/01 1/01 

M9 1/02 1/02 M21 
1/03 1/03 AO.g W AO.91/04 1/04 W 

OQ31·34 

MIO M22 

W~--------~~---4-------------------4-----J 
AO·A9~----------------~--------------------~ 

Vee 0-0 -----------------------------I~-------------. MO·23 

I cO·2] 
Vss C>Q------_____________ ..... _________ ----_. Mo.23 
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ABSOLUTE MAXIMUM RATING~ 

ITEM SYMBOL RATING 

Input Voilage V,N -1.0-7.0 

Outpul Voltage VOUT - 1.0-7.0 

Power Supply Voltage Vee -1.0-70 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature' Time TSOlOER 260· 10 

Power Dissipation Po 7.2 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70DQ 

SYMBOL PARAMETER MIN. TY? 

Vee Supply Voltage 4.5 5.0 

V,H Input High Voltage 2.4 -
V'l Input low Voltage - I 0 -
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = a-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

'cc' Average Power Supply Operating Current THM362020S·80 -
(m. roo Address Cycling: tRC = tRC MIN. ) THM362020S·10 -
STANOBY CURRENT 

leCl Power Supply Standby Current -
(re = ill = V'H) 

RAS ONLY REFRESH CURRENT 

leel Average Power Supply Current. m Only Mode THM362020S·80 -
(m Cycling. ro = V'H: IRC = IRC MIN. ) THM362020S-10 -
FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fasl Page Mode THM362020S-80 -
(m = V'l. ro Address Cycling: I,C = I.C MIN.) THM362020S-10 -
STANDBY CURRENT 

Ices Power Supply Standby Currenl -
(m = <:"M = Vcc - O.2V) 

ro BEFORE m REFRESH CURRENT 

I(C6 Average Power Supply Currenl. ro Belore m THM362020S-BO -
Mode (RM. ro Cycling: 10( = IRe MIN.) THM362020S-10 -
INPUT LEAKAGE CURRENT 

"(lI Input Leakage Currenl. any Inpul - 240 

(OV S V'N S 6.SV. All Other Pins not under TeSI = OV) 

OUTPUT LEAKAGE CURRENT 
10 III 

(Dou, is disabled. OVSVou,S 5,SV) 
- 20 

OUTPUT LEVEL 
10H 

Oulput "H" Level Voltage (Iou, = - SmA) 
2.4 

OUTPUT LEVEL 
VOl 

Oulput "L" Level Voltage (Iou, = 4.2mA) -
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1144 mA 3,4 

984 

48 mA 

1144 mA 3 

9B4 

784 mA 3.4 

664 

24 mA 

1144 mA 3 

984 

240 \1A 

20 \1A 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VcC=5V:t10%, Ta=O-70·C) (Notes 5, 6, 7) 

THM362020S-80 THM362020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

"C Random Read or Write Cycle Time 150 - 180 - ns 

"C fast Page Mode Cycle Time 50 - 60 - ns 

lRAC Access Time from ~ - 80 - 100 ns 8, 13 

tCAC Access Time from rn - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - 50 ns 8, 14 

tC~A Access Time from roo Preeharge - 45 - 55 ns 8 

tell 00 to Outpul in LOw-Z 0 - a - ns 8 

tOFF Oulput Buffer Turn-off Delay a 20 a 20 nl 9 

tr Transition Time (Rise and Fall) 3 50 3 SO ns 7 

IRP ii~ Preeharge Time 60 - 70 - n. 

tRAS iiA~ Pulse Width 80 10,000 100 10,000 ns 

lRASP iiAs Pulse Width (fast Page Mode) 80 200,000 100 200,000 ns 

tRSM iiAs Hold Time 20 - 25 - n. 

tCSH CAS Hold Time 80 - 100 - ns 

rCAS CAS Pulse Widlh 20 10,000 25 10,000 ns 

tqCD m to 00 Delay Time 20 60 25 75 ns 13 

tRAO rn to Column Address Delay Time 15 40 20 50 ns 14 

tOUt <:A~ 10 j{~ Preeharge Time 5 - 10 - nl 

tc' eAS Preeharge Time (Fasl Page Mode) 10 - 10 - nl 

tASA Row Address Set-Up Time a - a - nl 

tRAH Row Address Hold Time 10 - 15 - nl 

lAIC Column Address Sel-Up Time 0 - a - nl 

leAH Column Address Hold Time 15 - 20 - ns 

Column Addrell Hold Time referenced 
60 75 IAR 

to iiAs - - nl 

tRAl Column Address to m Lead Time 40 - 50 - n. 

lRCS Read Command Set-Up Time 0 - 0 - nl 

tRCIoI Read Command Hold Time 0 - 0 - nl 10 

Read Command Hold Time referenced 
tARH 

lOW 
a - a - nl 10 

tWCH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
Iwe. 

toW 
60 - 75 - nl 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM362020S-80 THM362020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

two Write Command Pulse Width 15 - 20 - n. 

lRWL Write Command to liAS Lead Time 20 - 25 - n. 

lew!. Write Command to m Lead Time 20 - 25 - n. 

to. Date Set-Up Time 0 - 0 - n. 11 

tOH Date Hold Time 15 - 20 - ns 11 

tOHR Data Hold Time referenced to m 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-UP Time 0 - 0 - ns 12 

tCSR 03 Set-Up Time (03 before m Cycle) 5 - 10 - ns 

tcHR 03 Hold Time (03 before ru Cycle) IS - 20 - ns 

tRPe m to 03 Precharge Time 0 - 0 - n. 

lCPT 
ro Pr.charge Time (eAS be for. m 

40 - SO - ns 
Counter Te.t Cycle) 

tWRP 
WJIii'"£ to RAS be for. Precharge Time 

10 - 10 - ns 
(03 before U;S Cyeie) 

WifiTE to m Hold Time 
lWRH (03 belore ilAS Cycle) 

10 - 10 - ns 

CAPACITANCE (Vee = SV + 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 161 pF 

CI2 Input Capacitance (W) - 168 pF 

CI3 Input Capacitance (RASl!- mJ) - 42 pF 

CI4 Input Capacitance (i:AJl!-i:An) - 42 pF 

COOl 110 Capacitance (000-7, 9-16.18-25.27-34) - 29 pF 

CD02 I/O Capacitance (008. 17.26,35) - 39 pF 
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THM362020S-80, 10 
THM362020SG-80, 10 

1. Stresses greater than those listed under "Absolute Maximum Rat.ings" may cause permanent 
damage to the device. 

2. All vol tages are referenced to V ss. 

3. ICCI, [CC3, ICC4, ICCG depend on cycle rate. 

4. Iccl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200llS 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 

fiAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

i. VIII(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VIL. 

8. Measured with a load equivalent to 21'1'L loads and 100pF. 

9. ton·(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tl\CII or tlUUI must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 

characteristics only. If twcs~ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circui t (high impedance). 

13. Operation within the tl\cu(max.) limit insures that tltAc(max.) can be met. 

tRco(max.) is ~pecified as a reference point only: If tl\CU is greater than the specified tl\cu(max.) 
limit, then access time is controlled by tcAC. 

14. Operation within the tltAu(max.) limit, insures that tl\Ac(max.) can be met. 

tI\Au(max.) is specified as a reference point only: If tUAD is greater than the specified tltAo(max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V'H 
wilIT! v" 

000-
DQ3S 

_ :"W or "~. 
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EARLY WRITE CYCLE 

V'H _=== .r---:i 
AO-A9 V'l_ 

OQO- V'H­
OQ35 V'l-
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FAST PAGE MODE READ CYCLE 

" Vu·, 
AO-A9 V,L _"""== 

VIl-4 -

WiUfE V'L 

000-
0035 

• VALID OATA our 
_ :"W or "L' 
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FAST PAGE MODE WRITE CYCLE (EARLY WruTE) 

V1H -

m V'L_ 

VIH _ 

CAS V'L _ __ --J 

VIH-===~-">l. 
AO-A9 V'L _ 

V'H - ===='"' 
WRITE V'L _ 

000- V,H -

0035 V,L _ 
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BAS ONLY REFRESH CYCLE 

' .. 
'14\ 1 • 

~I-'------~-------~I 

I:' 4trtK. •• 1 

Nole: wRiT! ="W or "L· 
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cAS BEFORE RAS REFRESH CYCLE 

VIM -

liA~ Vil -' __ --J 

VIM _ 

CAS VIl-___ ..J 

THM362020S-80, 10 
THM362020SG-80, 10 

DOO- V," _ ----....,L 
DQ35 Vil _ ')----------OPEN ----------

~ ·"H" "L" ~. or 

Note: AO-A9 = "W or "L" 
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HIDDEN REFRESH CYCLE (READ) 

AO-A9 

000-
0035 

VIH -

V'l _ 

V'H ---':7++----->1,. 
v,, ___ -, 

V 1H -

V'l _ 

_ :"W or "l" 

8-138 



HIDDEN REFRESH CYCLE (WRITE) 

VU'4 -
ro V,L ___ -' 

. v,"-==~~-"">I.. 
AO-A9 V'L_ 

OQO­
OQ35 
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PAS BEFORE BAS REFRESH COUNTER TEST CYCLE 

V1H -V,L _ 

READ CYCLE 

[00~03~ ~~~=----.-;....;..-- OPEN ----+--H 

WRITI V,H - dr====*t±::~---IJ~~ 
V1l _ 

WRITE CYCLE 

[

WRrn: ~:~: 

OQO- V'H­
OQ35 V'L _ ----- OPEN ---<I 11__ ___ --70 
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OUTLINE DRAWINGS 

FRONT SIDE 

\' 
10795tO.13 
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6.35 ± O.OS 

6.35 t 0.13 95.25 ± 0.08 

3.38 ± 0.13 101.19±0.13 

BACK SIDE 

• THM362020S 

>< 

~ 

CONTACTS: Gold 

'I 1,0.9 ± 0.08 

· DOO-~ 
CONTACTS: Tin· L •• d .. 

--~~====~==~~-

~ ... 
o 
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2,097,152 WORDS x 40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM402020SG is a 2,097,152 words by 40 bits dynamic RAM module which assembled 20 pcs of 
TC514400J on the printed circuit board. 

The THM402020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

~RES 

• 2,097,152 words by 40 bits organization • Single power supply of 5V±100/0 
• Fast access time and cycle time 

THM402020 THM402020 

SG·80 SG·l0 

tRAC m Access Time 80ns lOOns 

tM Column Address 

Access Time 
40n5 SOns 

tCAC CAS Access Time 20n5 2sns 

tRC Cycle Time 1 SOns 180ns 

tpc Fast Page Mode 

Cycle Time 
SOns 60ns 

PIN CONNECTION (TOP VIEW) 

• Low power 
5,885mW MAX. Operating(THMxxxxxx.80) 
5,060mW MAX. Operating(THMxxxxxx.l0) 

llOmW MAX. Standby 
• Read.Modify.write,CAS before rom refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 
• 1024 Refresh cycleS/16ms 
• Gold Contact 
• JEDEC OUTLlLNE : THM402020SG· 80, 10 
• NON JEDEC OUTLINE: THM402040SG· 80, 10 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ39 Data Inputs/Outputs 

CASl!,~ Column Address Strobe 

R7i30,mT Row Address Strobe }II~"~"Q,,,Q,, Q ~"~"~,,, 0 IrnM'''''~ 
1 36 37 72 W ReadlWrite Input 

M Output Enable 

Vee Power(+5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 25 DQ13 37 DQ19 49 OQ22 61 OQ33 

2 OQD 14 A2 26 DQ14 38 OQ20 50 OQ23 62 OQ34 

-80 -10 

PDO NC NC 

3 DQl 15 A3 27 DQ15 39 VSS 51 DQ24 63 OQ35 

4 OQ2 16 A4 28 A7 40 CASl! 52 DQ25 64 OQ36 

POI NC NC 

POl NC Vss 

5 DQ3 17 A5 29 DQ16 41 NC 53 DQt6 65 DQ37 
PD3 Vss Vss 

6 DQ4 18 A6 30 Vee 42 NC 54 DQ27 66 DQ38 

7 DQs 19 OE 31 A8 43 U;;S; 55 DQ28 67 POO 

8 DQ6 20 DQ8 32 A9 44 AASO 56 DQ29 68 POI 

9 DQ7 21 DQ9 33 NC 45 mT 57 DQ30 69 P02 

10 Vee 22 DQ10 34 NC 46 OQ21 58 DQ31 70 P03 

11 NC 23 DQll 35 DQ17 47 W 59 Vee 71 DQ39 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 
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BLOCK DIAGRAM 

0 

'iN 
AO-A 9 

0 

CAS 
l!M 
OE 

H~ I-
M 

HCM ~ l!M 
OE 

H~ ~ 
OE 

HF I- m 
Oe 

H~ ~ 
M 

H~ I-
OE 

HF ~ m 
OE 

R~ r-
OE 

~~ AA'S 
OE 

MO 
W 
I 

Ml 
W 
J 

M2 
'iN 

M3 
W 
J 

M4 
w 

MS 
W 

M6 
'iN 

M7 
'iN 

M8 
W 

M9 
W 

1/01 
OQO-3 

1/02 
1/03 

AO-9 V04 

I OQ4-7 
1/01 
1/02 
1/03 

AO-9 1/04 

1/01 
OQ8-11 

1/02 
1/03 

AO-9 1/04 

VOl 
OQ12-15 

V02 
1/03 

AO-9 1/04 

1/01 
OQ16-19 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ20-23 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ24-27 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ28-31 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ32-35 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ36-39 

1/02 
1/03 

AO-9 1/04 

Vee o-----------<lr------------~, MO-19 
T CO-19 

Vsso ... 'MO-19 
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VOl CAS [ 1/02 
V03 MID l!M[ 
1/04 AD-9 W M 

I 
1/01 

~F 1/02 Mil -1/03 
1/04 AO-9 W OE 

I 
1/01 

~~= 1/02 
M12 -1/03 

1/04 AO-9 W M 
I 

1/01 

~~= 1/02 M13 -1/03 
1/04 AO-9 W M 

I 
1/01 ~b 1/02 l!M -1/03 M14 
1/04 AO-9 W M 

I 
1/01 

~~ 1/02 -1/03 MIS 
1/04 AO-9 W M 

I 
1/01 

gj~ 1/02 -1/03 M16 
1/04 AO-9 W M 

I 
1/01 

~~= 1/02 -1/03 M17 
1/04 AO-9 W 

I 
1/01 

~~ 1/02 I-1/03 M18 
1/04 AO-9 'iN M 

Y 
1/01 

~~ 1/02 M19 1/03 
1/04 AO-9 W OE 



THM402020SG-80, 10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-125 ·C 1 

Soldering Temperature· Time TSOLDER 260'10 ·C· sec 1 

Power Dissipation Po 6.0 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

. Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 

ICCI Average Power Supply Operating Current THM402020SG-80 - 1070 mA 3,4,5 

(liAS, ro, Address Cycling: tRe = tRe MIN.) THM402020SG·\0 - 920 

STANDBY CURRENT 

lee2 Power Supply Standby Current - 40 mA 

(liAS = ro = V,H) 

m ONLY REFRESH CURRENT 

lee3 Average Power Supply Current, MS Only Mode THM402020SG-80 - 1070 mA 3,5 

(MS Cycling, ro = V,H: tRe = tRe MIN.) THM402020SG-l0 - 920 

FAST PAGE MODE CURRENT 

leC4 Average Power Supply Current, Fast Page Mode THM402020SG-80 - 720 mA 3,4,5 

(MS = V'L, ro Address Cycling: tpe = tpe MIN. ) THM402020SG·l0 - 620 

STANDBY CURRENT 

Ices Power Supply Standby Current - 20 mA 

(MS = (A'S = Vee - 0.2V) 

CAS BEFORE MS REFRESH CURRENT 

lee6 Average Power Supply Current. CAS Before liAS THM402020SG-80 - 1070 'mA 3 

Mode (MS. CAS Cycling: tRe = tRC MIN.) THM402020SG·\ 0 - 920 

INPUT LEAKAGE CURRENT 

I, (L) Input Leakage Current. any Input -200 200 )IA 

(OV::l Y,N ::l6.SV, All Other Pins not under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:iVOUT::l S.5V) 
-20 20 )IA 

OUTPUT LEVEL 
VOH 

Output co H· Level Voltage (lOUT = - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta";' 0-70oq (Notes 5, 6, 7) 

THM402020 THM402020 

SYMBOL PARAMETER SG-BO SG-l0 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 

tRMW Read-Modify-Write Cycle Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

105 Cycle Time - 125 - ns 

tRAC Access Time from AAS 80 100 
9,14 - - ns 
15 

tCAC Access Time from CAS - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 45 - 55 ns 9 

telZ CAS to output in Low-Z 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 

tRP RM Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 25 - ns 

tRHCP 
RAS Hold Time From CAS Precharge 

45 - 55 - ns (Fast Page Mode) 

tCSH CAS Hold Time 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 25 10,000 ns 

tReD AAS to CAS Delay Time 20 60 25 75 ns 14 

tRAD AAS to Column Address Delay Time 15 40 20 50 ns 15 

tCRP CAS to AAS Precharge Time 5 - 10 - ns 

tcp 
CAS Pre charge Time 

10 - 10 - ns (Fast Page Mode) 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - ns 

leAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

60 75 to AAS - - ns 

tRAl Column Address to RM Lead Time 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - ns 

tReH Read Command Hold Time 0 - 0 - ns 11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM402020 THM402020 

SYMBOL PARAMETER SG-BO SG-l0 UN1TS NOTES 

MIN. MAX. MIN. MAX. 

Read Command Hold Time referenced 
tRRH 

to liIU 
0 - 0 - ns 11 

tWCH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
tweR 

tom 
60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 

tRWL Write Command to m lead Time 20 - 25 - ns 

tcwL Write Command to CAS lead Time 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - ns 12 

tOH Data Hold Time 15 - 20 - ns 12 

tOHR Data Hold Time referenced to m 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-UP Time 0 - 0 - ns 13 

tcwo CAS to WRite Delay Time SO - 60 - ns 13 

tRwO m to WRm Delay Time 110 - 13S - ns 13 

tAwD Column Address to \iiiR'i'rr Delay Time 70 - B5 - ns 13 

tcpwo CAS Precharge to WRITE Delay Time 75 - 90 - ns 13 

tesR CAS Set-Up Time(CAS before m Cycle) 5 - 5 - ns 

tCHR CAS Hold Time(CAS before m Cycle) 15 - 20 - ns 

tRPC m to CAS Precharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before m 

40 50 - - ns 
Counter Test Cycle) 

tROH m Hold Time referenced to OE 10 - 20 - ns 

tOEA (JE Access Time - 20 - 25 ns 

tOEO (JE to Data Delay 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 
from OE 0 20 ns 10 

tOEH DE Command Hold Time 20 - 25 - ns 

tWRP 
WRITE to liIU Precharge Time 

10 10 
(CAS before m Cycle) 

- - ns 

WRITE to m Hold Time 
tWRH 

(CAS before liIU Cycle) 
10 - 10 - ns 
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CAPACITANCE {Vee = SV± 10%, f= 1MHz, Ta =0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 130 pF 

CI2 Input Capacitance (W, OE) - 130 pF 

CI3 Input Capacitance (RASO,RAS1) - 70 pF 

CI4 Input Capacitance (CASO,Elm) - 70 pF 

COQ I/O Capacitance (OQO-OQ39) - 35 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCI, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICcl. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = VIL and 'CAS = VIIi. 

6. An initial pause of 200llS is required nfter power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a ll::11imum of 8 ~ before RAS 
initialization cycles instead of 8 RAg cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIl/ (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VlII and VIL. 

9. Measured with a load equivalent to 2 TrL loads and lOOpF. 

10. tOFI' (max.) and tm:z (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tltCll or tltRII must be satisfied for a read cycle. 

12. These parameters are referenced to ~ leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twcs, tllWD, tCWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRwD~ tRWD (min.), tcwD~ tcWD (min.), tAwD~ tAWD (min.) and tCPWD~ tcpwD (min.), the cycle 
is a read-modify-write cycle and the 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. 

14. Operation within the tRCD (max.) limit insures that tltAC (max.) can be met. 

tilCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tllAD (max.) limit insures that tRAC (max.) can be met. 
tHAD (max.) is specified as a reference point only: If tltAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V 1H 
RAS 

VIL -

CAS 
V1H-

VIH 
AO-A9 

V 1L 

VIH 
wRiTE 

VIL 

V 1H 
at 

V1L 

DQO- VOH-

DQ39 VOL -

~: "W or "LO 
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WRITE CYCLE (EARLY WRITE) 

VIH-
m 

Vll-

ro 
VIH-

Vil 

VIH 
AO-A9 

V 1L 

VIH 
WRiTE 

Vil 

bE 

000- V1H-

OQ39 VIL -
OPEN 

~: "W or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

V 1H 
AO-A9 

V 1L 

V1H 
WRITE 

Vil 

VIH 

OE 
V1L 

DQO-

DQ39 

~: "W or "L" 
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READ·MODIFY·WRITE CYCLE 

AO-A9 

WRITE 

OE 
V'L -'------,--------,-=lX-_!_' 

DQO- VltOH­

OQ39 VltOl _----------t~I%X 

~: "W or "l" 
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FAST PAGE MODE READ CYCLE 

AO-A9 

OQO- VOH - --------(Il OQ39 VOL _ 

~:"W or "L" 
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FAST PAGE MODE WRITE CYCLE 

CA"S 
V'L 

V'H 
AO-A9 

V'L 

V'H 
WRITE 

V'L 

Of 

OQO- V'H 

OQ39 V'L 

~; "W or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

_._- VIH 
RAS V 

IL 

---. VIH 
CAS V 

IL 

DQO" VI/OH-­
DQ39 VIIOL- -----H>0X1 
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RAS ONLY REFRESH CYCLE 

tRP I 
VIH===.--------~~============t~RA~S============~~======~ \~ Vil -

!RP~·I 

AO-A9 

NOTE: iiiiRi'iT. OE = "W or "l" ~: "Wor"l" 

cAS BEFORE RAS REFRESH CYCLE 

DQO­
DQ39 

VOH--:::=~~ __________________ _ 
VOl-- ) OPEN ------------

NOTE: OE, AO-A9 ="H" or "L" ~: "H"or"L" 
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HIDDEN REFRESH CYCLE (READ) 

V'H-
RAS V'L-

CAS 

V'H 
AO-A9 

V'L 

W'RiT! 
Vn~ 

V'L 

OE 
V'H 

V'L 

DOO- VOH-

0039 VOL-

~ : "Wor"L" 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 
V'H-

V'L-

CAS 

V'H 
AO-A9 

V'L 

V'H-
WRITE 

V'L-

OE 
V'H-

V'L-

000-
0039 

~:"WorHL" 
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Clili BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-
RAS 

V 1L -

CAS 
VIH-

VIL-
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OUTLINE DRAWINGS 

• THM402020SG 
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