













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THM94000S/L-80, 10

OUTLINE DRAWINGS

Unit in mm
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1,048,576 WORDSx 36 BIT DYNAMIC RAM MODULE

DESCRIPTION

The THM361020S is a 1,048,576 words by 36 bits dynamic RAM module which assembled 8 pcs of
TC514400J and 4 pes 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
e 1,048,576 words by 36 bits organization e Single power supply of 5V£10%
e Tast access time and cycle time ¢ Low power
THM361020 | THM361020 6,160mW MAX. Operating (THMxxxxxx-80)
$-80 $-10 5,280mW MAX, Operating (THMxxxxxx-10)
thac RAS Access Time 80ns 100ns 66mW MAX. Standby
taa Column Address o CAS before RAS refresh, RAS only refresh, Hidden
: 4a0ns 50ns e
| Access Time refresh, and Fast Page Mode capability.
tcac CAS Access Time 20ns 25ns ¢ All inputs and outputs TTL compatible
tae  Cycle Time 150ns 180ns e 1024 Refresh cycles/ 8ms (Burst Refresh)
tpc  Fast Page Mode Soms 60ns e 1024 Refresh cycles/16ms (Distributed Refresh)
Cycle Time ¢ Tin-Lead Contact : THM361020S-80,10
¢ Gold Contact : THM361020SG-80,10
PIN CONNECTION (TOP VIEW) PIN NAMES
A0~A9 Address Inputs
g D D Q D Q DQO0~DQ35 | Data Input/Outputs
ASO~CAT3 | Column Address Strobe
(T RASO, RAS2 | Row Address Strobe
1 36 37 72 w Read/Write Input
Vee Power ( + 5V)
Vgs Ground
PD Presence Detect Pin
1] Vg 13] A1 25| 0Q24 | 37| oQi7 | 49| DQ9 61| DQ14 -8 | -10
2[ 0Q0 | 1a] A2 26 0Q7_ | 38| DQ3s | 50| D27 | 62 DQ33 00| Vi | Ves
3| DQ1g 15) A3 27| DQ25S 39| Vgs s1] DQ10 63| DQ15 PD1 Vs Vss
4| DQ1 16 | A4 28| A7 40 | TASO 52| DQ28 64 | DQ34 PD2| NC Vss
5| DQ19 17| AS 29| NC 41| TAS? 53| DQN 65| DQ16 PD3 Vss Vss
6| bQ2 18| A6 30| Ve 42| TAS3 | sa| 0Q29 | 66| NC
7| DQ20 19 | NC 31| A8 43 | TAST 55| DQ12 67 | PDO
8| 0q3 | 20] pqe 32| A9 a¢| RASO | s6| oQ3o | 68| o1
9| DQ21 21| DQ22 33| NC 45| NC 57| DQ13 69 | PD2
10| Vee 22| DQS 34 | RASZ 46| NC 58| DQ31 70| PD3
11| NC 23| 0Q23 35| DQ26 a7 | W 59| Vee 71 NC
12| AD 24| DQ6 36| DQ3 48| NC 60| DQ32 72| Vs
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BLOCK DIAGRAM

[elolole]
D000
WN—=O

[olwlelv]
DOOO
Nouns
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[ejelolo]
jolelele)

0900
D000

o
o
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Qo000
DOOO
[T
—-owv®

CTAS 0 Oy TAS /O 1]
RAS 0o dras Mo 1o | E—
%W AQ-9 104 ——0
$——dTAS lon}
RAS M1 1o | e—
L0 W A0-9 104 f————0
RAS W AQ-9 Dout
CAS 10 CAS 101
B
L0 W A0-9 104
! CAS 01
i -
L0t W A0-9 10§ j———0
CAS Din
L—————<= RAS W M5 AQ-9 Dout
CAS 2 0————y—rd TAS 1o 1|
RAS 20 RAS . oY e—
M6 110 3 f———0
£—46E w A0.9|/04"—""'_"—'_-""°
f—d7az 1101
qRAS v 103
L9 w A0-9 O]
———d TAS Din
4 M8
RS AQ-9 Dout
o = 71
RAS w9 1103
L0 W A0-9 VO3
1 CAS 170 1
RAS M10 o2
LSO W A0-9 1104
b —d TAS M1 Din ::::I———Q
RAS W A0-9 Dout
W o T
AD-A3 ©
Vee o T MO-11
v T €o-1
55 © MO-11
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THM361020S-80, 10
THM361020SG-80, 10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES ‘
Input Voltage Vin -1.0~7.0 " 1
Output Voltage Vour -1.0~7.0 \ 1
Power Supply Voltage Vee -1.0~7.0 \ 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Ts16 -55~125 °C 1
Soldering Temperature - Time TsoLper 260-10 °C-sec 1
Power Dissipation Po 7.2 w 1
Short Circuit Output Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP, MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \ 2
Vin Input High Voltage 24 - 6.5 v 2 )
Vi Input Low Voltage -1.0 - 0.8 A 2 1




THM361020S-80, 10
THM361020SG-80, 10

DC ELECTRICAL CHARACTERISTICS (Ve =5V *#10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT

lecr Average Power Supply Operating Current THM3610205-80 - 1120 mA 3,4
(RAS, TAS, Address Cycling: tgc = tac MIN. ) THM3610205-10 - 960
STANDBY CURRENT

lec2 Power Supply Standby Current - 24 mA
(RAS =TAS = V)
RAS ONLY REFRESH CURRENT

lees Average Power Supply Current, RAS Only Mode THM3610205-80 - 1120 mA 3
(RAS Cycling, TAS = Vin! tac = tae MIN. ) THM3610205-10 | - 960
FAST PAGE MODE CURRENT

lcca Average Power Supply Current, Fast Page Mode THM3610205-80 - 760 mA 3,4
(RAS = vy, TAS Address Cycling: tpc = tpc MIN.) THM3610205-10 - 640
STANDBY CURRENT

lecs Power Supply Standby Current - 12 mA
(RAS = TAS = Ve - 0.2V)
CAS BEFORE RAS REFRESH CURRENT

Iccs Average Power Supply Current, TAS Before RAS THM3610205-80 - 1120 mA 3
Mode (RAS, TAS Cycling: trc = tac MIN. ) THM3610205-10 - 960
INPUT LEAKAGE CURRENT

[1T8) Input Leakage Current, any Input - 120 120 HA
(VS VNS 6.5V, All Other Pins not under Test=0V)
OUTPUT LEAKAGE CURRENT

loqw) . -10 10 pA
(Douyr is disabled, OVS VoursS 5.5V)

| OUTPUT LEVEL 24 v

O" | Output "H* Level Voltage (loyr = - 5mA) ’ -
OUTPUT LEVEL

Vou . - 0.4 \Y
Output "L” Level Voltage (lgyr = 4.2mA)
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THM361020S-80, 10 |
THM361020SG-80, 10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CQNDITIONS ‘
{(Vee=5V+10%, Ta=0~70°C) (Notes5, 6, 7) !

THM3610205-80 | THM3610205-10 !
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX. i
tre Random Read or Write Cycle Time 150 - 180 - ns i
tpc Fast Page Mode Cycle Time S0 - 60 - ns
tRAC Access Time from RAS - 80 - 100 ns | 8,13
teac Access Time from TAS - 20 - 25 ns |8 13
tan Access Time from Column Address - 40 - 50 ns | 8, 14
tcpa Access Time from CAS Precharge - a5 - 55 ns 8
ez CAS to Output in Low-Z 0 - 0 - ns 8
tore Output Buffer Turn-off Delay 0 20 0 20 ns 9
tr Transition Time (Rise and Fall) 3 50 3 50 ns 7
trp RAS Precharge Time 60 - 70 - ns
tRAS RAS Pulse Width 80 10,000 100 10,000 ns
tRasSP RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns
tRsH RAS Hold Time 20 - 25 - ns
tesm TAS Hold Time 80 - 100 - ns
tcas TAS Pulse Width 20 10,000 25 10,000 ns
taco | RAS 1o TAS Delay Time 20 60 25 75 ns | 13
traD RAS to Column Address Delay Time 15 40 20 50 ns 14
tcrp CAS to RAS Precharge Time 5 - 10 - ns
tep TAS Precharge Time (Fast Page Mode) 10 - 10 - ns .
tasr Row Address Set-Up Time 0 - 0 - ns
tRAH Row Address Hold Time 10 - 15 - ns
tasc Column Address Set-Up Time 0 - [} - ns
tcan Column Address Hold Time 15 - 20 - ns
tar Column Address Hold Time referenced 60 _ 75 _ s
to RAS f
trAL Column Address to RAS Lead Time 40 - 50 - ns
tres Read Command Set-Up Time 0 - ] - ns
tRCH Read Command Hold Time 0 - 0 - ns 10
taan Read Command Hold Time referenced 0 _ 0 _ ns 10
to RAS
tweH Write Command Hold Time 15 - 20 - ns {
twe Write Command Hold Time referenced 60 _ 75 - ns
to RAS




THM361020S-80, 10
THM361020SG-80, 10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
THM3610205-80 | THM3610205-10
SYMBOL PARAMETER UNIT | NOTES
MIN, MAX. MiIN. MAX.

twp Write Command Pulse Width 15 - 20 - ns

tawt Write Command to RAS Lead Time 20 - 25 - ns

tewt | Write Command to TAS Lead Time 20 - 25 - ns

tps Date Set-Up Time 0 - 0 - ns "
1o Date Hold Time 15 - 20 - ns "
LOHR Data Hold Time referenced to RAS 60 - s | - ns

tRes Refresh Period - 16 - 16 ms

twes Write Command Set-UP Time 0 - 0 - ns 12
LR TAS Set-Up Time (CAS before RAS Cycle) 5 - 10 - ns

tcHR CAS Hold Time (TAS before RAS Cycle) 15 - 20 - ns

trec RAS to CAS Precharge Time 0 - 0 - ns

CAS Precharge Time (CAS before RAS
tepT 40 - 50 - ns
Counter Test Cycle)

. WRITE to RAS Precharge Time 10 10 ns

WRP (CAS before RAS Cycle)

. WRITE to RAS Hold Time 10 10 ns

WRH (CAS before RAS Cycle)

CAPACITANCE (Ve =5V #10%, f = 1MHz, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
cn Input Capacitance (AO~A9) - 88 pF
ci2 Input Capacitance (W) ' - 84 pF
Q3 Inpm Capacitance (RAS0, RAS2) - @ pF
cia Input Capacitance (CAS0~CAS3) - 36 of
coQl [l{e] Capacitan;:e (DQ0~7,9~16, 18~25, 27~34) - 17 pF
cbQ2 170 Capacitance (DQ8, 17, 26, 35) - 22 . pF
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THM361020S-80, 10
THM361020SG-80, 10

NOTES: i
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.
Icct, Ices, Iccs, Icce depend on cycle rate.

Icct Icc4 depend on output loading. Specified values are obtained with the output open.

LA S

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 TAS before
RAS initialization cycles instead of 8 RAS cycles are required.

6. AC measurements assume tT=>5ns.

7. Vii(min) and Vip(max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Vjiy and V..

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

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

10. Either tgci or trrip 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 tgcp(max.) limit insures that tpac(max.) can be met,.
trcp(max.) is specified as a reference point only: If tgep is greater than the specified trcp(max.)
limit, then access time is controlled by tcac.

14. Operation within the tgap(max.) limit, insures that tgac(max.) can be met.
tRAD(max.) is specified as a reference point only: Iftpap is greater than the specified trpp(max.)
limit, then access time is controlled by taa.
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READ CYCLE

- N

Vin
RAS Viu

tenr
l

e Vi —
CAS ViL —

w2 e - DR v )

D

= ////////r'“ e 2
TN ..
%%03; ng: @g: AAAAAAAAA -out }-—-—_—_—__.
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EARLY WRITE CYCLE

o ﬁ<

cne
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w ol ]

v = - ;
. v N
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FAST PAGE MODE READ CYCLE

e N /
s toc Lrsi
tear| [ ter tons ter
— Vi — s | etens | X \r | ens
A v / % AN \\_ L
e tray
tasn -3—“& tasc tean tasc] o L. tean
o\ T o K ’ ~ X~ N7
tags il o tac | g
WRITE z:r:%///z////%/i/‘g ’ teag .%l ‘(AL‘ ~<//¢‘ _‘t(_(» 4’7 / 7
1 , ! | tan
tanc tera tera
%%03; 332‘: - - —RX - )}——————-——

*  VALID DATA OUT

I : "H" or "L°
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|
THM361020SG-80, 10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

<5
trase
S
V“ -—
RS vy N\ N\

theo
.l cr ¢ )
A CAS 3]
Cas Y/:: - / \\ N / \\ %L__Jyr
tan

soss - DR K> XD’ ¥R~ X7

g1
i

WRIT z:::?//_/é///////M// . t.wr Y 23 “ 7%; . 7W

% - ot et T

I toim

*  VALID DATA IN

m : "H" or."L”
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RAS ONLY REFRESH CYCLE

AP
Vig — X BAS |
S v N Y \
tear
!44» trec
S V. 3
@ T 4 \/
taan
|

= 0 0008 > X

: "H" or “L*
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CAS BEFORE RAS REFRESH CYCLE

tac
tae
ViH — N tras | 3
RAS v _ / \
ta

<=

- /’h

o | | s,

DQO~ ViK — )

pQ3s Vi — A

: "H" or "L

Note: AO~A9="H" or "L"
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HIDDEN REFRESH CYCLE (READ)

e N

iiiii

tear
]
s Um-
ik —,

Ny
el

w0 v _ 000 v YR,

coLumn

rue  twar
wa

.....

s A

DQO~ Vou -,

T

N

DQ35 VoL —

VALID DATA-OUT

O
’Q______
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j
|

HIDDEN REFRESH CYCLE (WRITE)

AI14
L
—_—
v taay t
W N S

W Vi =
IV /’;w N '_1/
P
w025 Ve DD > i °°°°°° X0

tos
—~—
4|

ok z::':

t "HT or “L”
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tnag LN
——-———-——-—-——-—j
Vin — tngt /
RAS vy 3
tesa)
_\ teas

"""" /l:__‘w__...

Vi
TaS v, _

e X

/00%03; xgr: oren :;@Agwgu
w2 T || O T

WRITE CYCLE

!

X
H =
0Q35 v, _ OPEN 4 VALID DATA -iN ’§

: "H" or “L"
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OUTLINE DRAWINGS

Unit in mm
FRONT SIDE 2-03.18+0.05
] 107.95+0.13 |

| | I | 8.89MAX.
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| =] w Z
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+ | < %
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wl w N : il
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y +
o
-
=

' 127 ™ R1.57£0.10 010
. ———— +0.

| 1.27-0.08
2.03+0.13 6.350.08

6.3520.13 95.25+0.08

3.38:0.13 101.19£0.13

BACK SIDE

* TIIM361020S * TIIM361020SG

l l 0.9 +0.08

1.04 £0.05

BaEEOE—
. R
Contacts : Gold { ]

|1.z7|

2.5:1MIN.I
L]
° |

2.54MIN

Contacts : Tin - Lead

N
~

0.25MAX
0.25MAX
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1,048,576 WORDS x40 BIT DYNAMIC RAM MODULE
DESCRIPTION !

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

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

EEATURES
e 1,048,576 words by 40 bits organization e Single power supply of 5V 10%
e TFast access time and cycle time o Low power
THM401020 | THM401020 5,775mW MAX. Operating (THMxxxxxx-80)
5G-80 $G-10 4,950mW MAX. Operating (THMxxxxxx-10)
trac RAS Access Time 80ns 100ns 55mW MAX. Standby
taa Column Address aons sons ¢ Read-Modify-write,CAS before RAS refresh,
Access Time RAS only refresh, Hidden refresh, and Fast Page
tcac CAS Access Time 20ns 25ns Mode capability.
tge  Cycle Time 150ns 180ns e All inputs and outputs TTL compatible
tpc Fast Page Mode ® 1024 Refresh cycles/16ms
Cycle Time 50ns 60ns e Gold Contact Y
e JEDEC OUTLINE : THM401020SG-80, 10
e NON JEDEC OUTLINE : THM401040SG-80, 10
PIN CONNECTION (TOP VIEW) PIN NAMES
1 [ 1 [ A0~A9 | Address Inputs
° © | THM4010205G | DQO~DQ39 | Data Inputs/Outputs
Ed Exd TAS Column Address Strobe
(T O Tl RAS Row Address Strobe
W Read/Write Input
1 [] 1 ] OF Output Enable
° © | THMA4010405G Ve Power { +5V)
=t e b Vss Ground i
T M PD Presence Detect Pin |
1 72
1] Vss 13] Al 25] 0Q13 | 37] 0Q19 | 49] 0Q22 | 61] 0Q33 -80 | -10
2| pQo 14] A2 26| 0Q1a | 38| 020 | 50| pq23 [ 62] pa3s POO| Vss | Vss |
3| 0Q1 15| A3 27| pQ1s | 39] vss 51| pqaa | 63 pa3s PO1| Vss | Vss |
4| DQ2 16| A4 28| A7 40| TAS 52| pQ2s | 64] oqQ3s PD2] NC | Vs
5| DQ3 17] As 29| pQte | 41| NC s3] 0Q26 | 65[ 0Q37 PO3| Vss Vss |
6| 0Qa 18] A6 30| Vee 42| NC 54| DQ27 | 66| DQ38
7| DQ5 19| OF 31| A8 43| NC 55| pQ2s | 67| Poo !
8| DQs 20| bas 32| A9 44| RAS 56| DQ29 | 68) PD1
9| 0Q7 21| DQ9 33| NC 45| NC 57] 0Q30 | 69| PD2
10 | Vee 22| 0Q10 | 34 NC 46| Q21 | s8| DQ31 | 70] PD3
11| NC 23|/ oQi1 | 35|/ pqQi7 | 47| W 59| Vee 71| DQ39
12| AO 24| DQ12 36 DQ18 48| Vss 60| DQ32 72 V}_S___




- THM401020SG-80, 10

BLOCK DIAGRAM

RS o r—Tas 1/Q 1 o DQ0-
RAS © RAS MO };gg——-—-—ggg;
Gt © 0F W A0-9 1/04[——DQ3

/0 1 f————0DQ4
H%g M1 1102 ———————oo§s
110 3|———oDQ 6
OfF W A0-9 1/Q4|——0pQ7
p—d CAS o1 DQ8
DQ9
qRAS M2 Vo3 0810
OE W A0-9 /04 DQ
10 1 Je———o DQ 12
E,% M3 110 2|———oDQ 13
1103 ——-———008 14
q0E W A0-9 /0 4|———oDQ15
}—-d CAS 1/Q 1 f————0DQ 16
4RAZ /Q 2 }————0pQ 17
Mm4a /0 3|——°pQ 18
OF W A0-9 WOa[——2p3 i3
e e ——pax
qRAS ms 03 R
OF W AD-9 /04— °pQ23
- 170 1 }—————0 DQ 24
?A—E IIOZ‘——————00825
M6 1/Q 3 ——0DQ 26
OF w A0-9 |/04‘—-——00827
— /O 1 | o DQ 28
% /Q 2 |—~———o 0829
m7 /0 3 |————0 DQ 30
q0t W A0-9 O4|——° DQ31
] 1O 1 |———0 DQ 32
&3 102 —-—-«:ogas
9 RAS M8 110 3|——DQ 34
OE W AQ-9 WO 4[——oDQ35
s vo /= 83%
qRAS M3 110 3|—>° DQ 38
——q0E__ W A0-9 1/04|—° DQ39
w
A0-A9
Vee 1 MO -9
co-9
Vss o T MO -9
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1.0~7.0 ) 1
Output Voltage Vour -1.0~7.0 Vv 1
Power Supply Voltage Vee -1.0~7.0 \" 1
Operating Temperature Toer 0~70 *C 1
Storage Temperature Tstg -55~125 °C 1
Soldering Temperature - Time TsoLoer 26010 °C-sec 1
Power Dissipation Po 6.0 w 1
Short Circuit Output Current lour S0 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voitage 4.5 5.0 5.5 \Y 2
Vin Input High Voltage 24 - 6.5 \Y 2
Vi Input Low Voltage -1.0 - 0.8 \" 2
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DC ELECTRICAL CHARACTERISTICS (Vee =5V * 10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT

Iccy Average Power Supply Operating Current THM4010205G-80 - 1050 mA 345
(RAS, TAS, Address Cycling: tpc = tac MIN.) THM4010205G-10 - 900
STANDBY CURRENT

leca Power Supply Standby Current - 20 mA
(RAS =CAS =Vjy)
RAS ONLY REFRESH CURRENT

lcca Average Power Supply Current, RAS Only Mode THMA4010205G-80 | - 1050 mA 3,5
(RAS Cycling, CAS = Vi: tpc=trc MIN.) THMA4010205G-10 - 900
FAST PAGE MODE CURRENT

lcca Average Power Supply Current, Fast Page Mode THM4010205G-80 - 700 mA 3,45
(RAS = vy, TAS Address Cycling: tpc =tpc MIN.) THMA4010205G-10 - 600
STANDBY CURRENT

lces Power Supply Standby Current - 10 mA
(RAS=CAS = Ve~ 0.2V)
CAS BEFORE RAS REFRESH CURRENT

lcce | Average Power Supply Current, CTAS Before RAS THM4010205G-80 | - 1050 | mA 3
Mode (RAS, CAS Cycling: tac = tpe MIN.) THMA4010205G-10 - 900
INPUT LEAKAGE CURRENT

hw input Leakage Current, any Input - 100 100 pA
(OVS VS 6.5V, All Other Pins not under Test=0V)
OUTPUT LEAKAGE CURRENT

I -10 10

OM | (Do is disabled, OVS Vour S 5.5V) w
o] T

Vou UTPUT LEVEL 24 _ v
Output “H" Level Voltage (loyr = - 5mA)

VoL OUTPUT LEVEL _ 0.4 v
Output “L” Level Voltage (loyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vec =5V +10%, Ta=0~70°C) (Notes5, 6, 7)

THMA401020 THM401020
SYMBOL PARAMETER 56-80 56-10  |yniT | NOTES
MIN. | MAX. | MIN. | MAX.
tac Random Read or Write Cycle Time 150 - 180 - ns
tRmw Read-Modify-Write Cycle Time 205 - 245 - ns
tec Fast Page Mode Cycle Time 50 - 60 - ns
toraw g:tler’:'ig:‘.Mode Read-Modify-Write 105 - 125 _ ns
trac Access Time from RAS - 80 - 100 ns ?;M
tac | ~ccess 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
teuz TAS to output in Low-Z 0 - 0 - ns |9
torF Output Buffer Turn-off Delay 0 20 0 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 ns |8
trp RAS 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
tasw RAS Hold Time 20 - 25 - ns
tance "(Réflr:,:l:e‘rm; eF)rom TAS Precharge 4 _ 55 _ ns
tesH CTAS Hold Time 80 - 100 - ns
tcas TAS Pulse Width 20 10,000 25 10,000 ﬁs
taco RAS to TAS Delay Time 20 60 25 75 ns | 14
traD RAS to Column Address Delay Time 15 40 20 50 ns | 15
tcre TAS to RAS Precharge Time 5 - 10 - ns
o | S rechare Time N
tasr Row Address Set-Up Time (] - 0 - ns
tRaH Row Address Hold Time 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - ns
tcan Column Address Hold Time 15 - 20 - ns
tan tCt::olumn Address Hold Time referenced 60 _ 75 _ ns
tRaL Column Address to RAS Lead Time 40 - 50 - ns
tacs Read Command Set-Up Time - - ns
treH Read Command Hold Time 0 - 0 - ns | 11
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

THM401020 THM401020
SYMBOL PARAMETER 56-80 5610 funits| NOTES
MIN. MAX. MIN. MAX.
o Read Command Hold Time referenced 0 _ 0 _ s |11
to RAS
tweH Write Command Hold Time 15 - 20 - ns
twen Write Command Hold Time referenced €0 _ 75 _ ns
to RAS
twp Write Command Pulse Width 15 - 20 - ns
tRwL Write Command to RAS Lead Time 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - ns | 12
ton Data Hold Time 15 - 20 - ns | 12
toHR Data Hold Time referenced to RAS 60 - 75 - ns
tree Refresh Period - 16 - 16 ms
twes Write Command Set-UP Time 0 - 0 - ns | 13
tewo | CAS to WRITE Delay Time ' 50 - 60 - ns |13
trwD RAS to WRITE Delay Time 110 - 135 - ns |13
tawp Column Address to WRITE Delay Time 70 - 85 - ns | 13,
tepwo TAS Precharge to WRITE Delay Time 75 - 90 - ns |13
tcsR CAS Set-Up Time(CAS before RAS Cycle) S - 5 - ns
teHR CTAS Hold Time(TAS before RAS Cycle) 15 - 20 - ns
trpc RAS to CAS Precharge Time 0 - 0 - ns
teor CAS Precharge Time (CAS before RAS 2 - s0 - ns
Counter Test Cycle)
trow RAS Hold Time referenced to OF 10 - 20 - ns
toea OF Access Time - 20 - 25 ns
toEp OF to Data Delay 20 - 25 - ns
toe Output buffer turn off Delay Time 0 2 o 20 ns | 10
from OF
toeH OE Command Hold Time 20 - 25 - ns
tap WRITE to RAS Precharge Time 10 _ 0 _ ns
(CAS before RAS Cycle)
te WRITE to RAS Hold Time 10 - 10 _ 0
(CAS before RAS Cycle)
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CAPACITANCE (Ve =5V £ 10%, f = 1IMHz, Ta =0~70°C)

\
SYMBOL PARAMETER MIN. MAX. UNIT ‘
a Input Capacitance (A0~A9) - 65 pF
ci2 Input Capacitance (W, OF) - 65 pF
a3 Input Capacitance (RAS) - 50 pF
cla Input Capacitance (CAS) - 60 pF
coQ 110 Capacitance (DQO0~DQ39) - 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. Icci Iccs, Icca, Icce depend on cycle rate.

4. Icci, Iccs depend on output loading. Specified value are obtained with the output open.

5. Column address can be changed once or less while RAS = Vji, and CAS = V.

6. 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.

7. AC measurements assume tT=5ns.

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

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

10. torr (max.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

11. Either trcii or trril 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, tRwD, tcwD, tAwWD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs2twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwp= trRwD (min.), tcwp=tcwp (min.), tAWDZ tAwD (min.) and tcpwp=tcpwp (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 trcp (max.) limit insures that trac (max.) can be met.
tRep (max.) is specified as a reference point only: If trcp is greater than the specified trcp (max.)
limit, then access time is controlled by tcac.

15. Operation within the tRap (max.) limit insures that trac (max.) can be met.

tRAD (max.) is specified as a reference point only: If tRap is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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READ CYCLE

tre

tre
tras |«
\ taR
\ N
tcsH
teap 1 1 cre
tAsR]
-

w = PR e
b |
AAAAA ;;;mh? (cowm M)

| |
1

w . | | N

= N
S S Y YT S

% : “H" or “L”

1
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WRITE CYCLE (EARLY WRITE)

t
ASR tasc
Vin / ; F
AD~A3 Y7 ROW
ViL — ‘ 3

tras | trp

/ N

| tcrp

T e 1
Vip — ,
' tcsH
tcre treo
ViH ——
Vi — traH

N / /

I, tRap |

twcu

twes
Vi

" "

_«I ld—»

N
DATA-IN
4

% :"H" or "L
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WRITE CYCLE (OF CONTROLLED WRITE

AAAAA

tre
V|H \ tar >
Vip — K \————
t

Vi —
Nl
Vi — e 4
tRAH
tasg L

: W{ﬁ R
i e

CSH
I (ng ly_zgp t&H | tgr(p

w DR o Y oo ////////////////////////////

l

: “H" or "L
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READ-MODIFY-WRITE CYCLE

Vg —

Viy —
a3

ViL —

Vin
AO0~A9

ViL —

Vig —=
WRITE

Vi —

Vig —
OF

ViL —
DQO~ VI/OH —
0Q39 vyoL —
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FAST PAGE MODE READ CYCLE

trase
Vi — b
RAS N tag
Vg — N —
e
rﬁfﬁ tReD tp |
Vig — I o
w _tao, \\ toas B
v —/ tran X \
tesh tean
tasp tagc tcan tasc| | g
Vin N 4 L
AQ~A9 ROW coL.1 coL2 coL.
ViL L * A+ s

l t“ﬁ{—-L— tRep | ! trcs

Buld,
Vin —
we A i
Vie | {
|
F

I tan

Viy — N Vs
OF —\ oea

ViL — hY

| tcac IE’-L

1 -
trac
' Tz dog) oz oz ‘
DQo~ Von — 'cLz| ~ i
DQ39 vg, Dour 1 Dous 2 Dour N ?___

: “H" or “L”

B-99



THM401020SG-80, 10

FAST PAGE MODE WRITE CYCLE

AAAAA

o p
FE’_‘: treo tep >
Vig — \ 7" 3
t tcas > JAL,
Vi — ﬁ:AH R—x £ '
tcsH .
tAE;r—-« tagc —a tcan, <A_S£ <—>H <-—£FAS I -tg-
ViH —7 X X
OW coL.1 / coL.2 COL.N
ViL 7
cwL

N

l<_9-> t U g tc‘mﬁi T | |

S
.

ll ton

Y | |t tos
] ] e, e |
0Q0~ Vi 3 i ; 1 ¥
39 Vi Dy 1 % Div 2 i Din N

% :"H" or “L"
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

ViL, —

DQO~ VioH—
0Q39 vyo—

D — trasP
& trp ‘
tesH T
| tRCD Tprmw > tep . : RSH _ terp
RO _\ tcag tcas CAS ﬁ__—.—_—
wl \ AN \
|'RAH T
tasR? as ||, [l tascy| | lcan ASCl4—— RAL
RO COL.1 coL.2 COL.N
I 1 1,
t - RWD ¢~ CWO. tcpwo
tres 11 towp "y tcrwo WL <~——tcwp——> BT
Z J tawp g 1 tawp T tawo g
taa F_ X
toeA toea twe I toea il
¥
/ toen ﬁ
trac > tcpa OED tcpa koED,
toezl | tan taa
to teac tos teac tos
toez|, | | t toezl | | It
teac ton 0 [ oK
4 r p
. \fXDm 1 5_ AN Oin2 ﬁ'— A DinN
cLz ta t
Dourt 1 Doyt 2 DourN
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RAS ONLY REFRESH CYCLE

trp

— Vi —— —————— tras .
RAS vy — -

‘cnw :5:& |
& wZ_ 7

tasr [ |traH
AO~A9 x::‘ Y O

NOTE : WRITE, OF = “H”" or “L" W . " or L

CAS BEFORE RAS REFRESH CYCLE

tre

tre thas tre
By — ; e
@ e Ve
,twre |} twan %
WRITE Vm ) X227 2777777
DQO~ xgr:___} OPEN
DQ39
NOTE : OF, A0~A9 = “H" or “L" m : "H"or "L
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HIDDEN REFRESH CYCLE (READ)

(770707777707

tras trp tre
zIH "_—-_"_"":!* taR —tRAS >
tcre trcp tRsH crp
G ==
TASR —- P o AA:C tc AH_
;:: :m ROW oLOMON
tres tRRH WRH
w % /N
Vin —— I t::n |
e i trac ?“CAC | tore
teug toe |
Vou

VALID DATA-OUT

HIDDEN REFRESH CYCLE (WRITE)

DQO~
DQ39

“H* or "L”

:

kS SJC 1 e 1

P e — S G
Vi — ‘tcnp treo tﬁ&» | 4-—‘-'——->
ViL ——J <—ﬁ‘At9?(>‘ \ ....S.B...,]

task e tRAH tean
::S — I S X777
-7
Vm

tps o

VALID DATA-IN

W/
Vi — l

toHR
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRe

e Vin ———-.——.——q‘ trAS
L tepr trsH
— Vig —— tesr tHR teas / 7
CA I . o4
Vi traL
lasc tcan

n~as " 7 <o oo KO

tan I
READ CYCLE

WR Vi —

OF

l trOH
Vg — \|toes
Vy — )
[ - T |1orr
tewz togz| "~
DQO~ Vo=
OPEN @ VALID DATA-OUT SRR
DQ39 Vo — | L ! ,
WRITE CYCLE twre || twrn | towt |
— twes

wte v || N — = (T T

oF N

tos t
DQO~ |l _ton
Vig — _}____
DQ39 Vi ) ) OPEN-- {_VALIDDATA-IN } Tom
WRP WRH
READ-MODIFY-WRITE <> | | :AWD T
" e
H
WRITE teac twe
I taa
Vi — - toeal T
OE <] OED
OF Vi, — \% y
CAC
taz | toez tps || tou
DQO~ Viloy — o
DQ39 Vo, — ! K RATAIN
VALID
“or“L" DATA-OUT
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OUTLINE DRAWINGS

¢ THM401020SG Unit in mm
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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 pcs 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 DQ0 and DQ16,DQ1 and DQ17, DQ2 and DQ18,
"""" , DQ15 and DQ31, respectively. The THM322020S 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

& 2,097,152 words by 32 bits organization

¢ Fast access time and cycle time

Cycle Time

THM322020 | THM322020

$-80 $-10
trac__ RAS Access Time 80ns 100ns

taa Column Address

Access Time 40ns 50ns
tcac  CAS Access Time 20ns 25ns
Itrg  Cycle Time 150ns 180ns
tpc Fast Page Mode Sons 60ns

PIN_ CONNECTION (TOP VIEW)

e Single power supply of 5V110%
® Low Power

4,708mW MAX. Operating (THMxxxxxx-80)

4,048mW MAX. Operating (THMxxxxxx-10)

88mW MAX. Standby

o TAS before RAS refresh, RAS only refresh, Hidden
refresh, and Fast Page Mode capability.
All inputs and outputs TTL compatible.
1024 Refresh cycles/16ms ‘
Tin-Lead Contact : THM322020S-80, 10 |
Gold Contact : THM322020SG-80, 10 1

PIN NAMES

ik

ld

i

A0~A9 Address Inputs
DQO0~DQ31 [Data Input/Output
TASD~TATI |Column Address Strobe
RASO~RATI |Row Address Strobe

w Read/Write Input

Vee Power ( + 5V)

Vss Ground

PD Presence Detect Pin
1| Ves 13] At 25] DQ22 | 37| NC 49| 0Q8 61] 0Q13 -80 | -10
2| 0Qo 14 A2 26 0Q7 38| NC 50| 0Q24 | 62| 0Q30 7001 NC e
3/ 0Qis | 15| A3 27]0Q23 | 39|V 51/0Q9 | 63]|0Q14 o011 Ne NC
41 DQ1 16| A4 28| A7 40| TASU | s2|0Q2s | 64] 0Q31 02| Ne v
5| DQi7 | 17] As 29| NC 41| TAZZ | 53] 0Q10 | 65] DQ1S o3| V. Jv‘—-
§] 002 | 18] A6 30| vec | a2 CAS3 | s4]|0Qa6 | 66 NC i i
7] 0Q18 | 19{ NC 31] A8 43| TAST | 55| DQ11 | 67| PODO
8| pqQ3 20| DQ4 32] A9 44 | WASD | S6| DQ27 | 68| PO1
9/0Q19 | 21]/0Q20 | 33] RAZI | 45| RAST | 57| DQ12 | 69| PD2
10] Vee 22| 0QS 34| RASZ | 46| NC 58| 0Q28 | 70| PO3
11{ NC 23| 0Q21 | 35| NC 47| W 59 | Ve 71] NC
124 A0 24| DQ6 36| NC 48| NC 60) 0G29 | 72 Ve

B-107



THM322020S-80, 10

THM322020SG-80, 10

BLOCK DIAGRAM

TS0

RAS 0

TA3

TAS2

RA32

CAs3

AC-A9
Vee

Vss
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES :
input Voltage Vin -1.0~7.0 Y 1
Output Voltage Vour -1.0~7.0 v 1
Power Supply Voltage Vee -1.0~7.0 v 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tstg -55~125 °c 1
Soldering Temperature - Time TsoLper 260-10 °C-sec 1
Power Dissipation Po 72 w 1
Short Circuit Output Current lour S0 mA 1

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

SYMBOL PARAMETER MIN. TYP. ) MAX. UNIT NOTES
Vee Supply Voltage 45 5.0 S.S v 2
Vin Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 \ 2
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DC ELECTRICAL CHARACTERISTICS (Vee =5V * 10%, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT

lcer Average Power Supply Operating Current THM3220205-80 - 856 mA 3,4
(RAS, TAT, Address Cycling: tac = tac MIN. ) THM3220205-10 - 736
STANDBY CURRENT

Ieea Power Supply Standby Current - 32 mA
(RAS =TAS = Viu)
RAS ONLY REFRESH CURRENT

Iccs | Average Power Supply Current, RAS Only Mode THM3220205-80 - 856 mA 3
(RAS Cycling, TAS = Viy: tac = tac MIN. ) THM3220205-10 | - 736
FAST PAGE MODE CURRENT

lcca Average Power Supply Current, Fast Page Mode THM3220205-80 - 576 mA 3,4
(RAS = v, TAS Address Cycling: tpc = tpc MIN. ) THM3220205-10 - 496
STANDBY CURRENT

lecs Power Supply Standby Current - 16 mA
(EKS:ZKS-V“-O.W)
TAY BEFORE RAS REFRESH CURRENT

lece Average Power Supply Current, CAS Before RAS THM3220205-80 - 856 mA 3
Mode (RAS, TAS Cycling: tac = tac MIN. ), THM3220205-10 - 736
INPUT LEAKAGE CURRENT

hw Input Leakage Current, any Input ~ 160 160 BA
(OVS VS 6.5V, All Other Pins not under Test=0V)

. OUTPUT LEAKAGE CURRENT 2 20

OW 1 (0our is disabled, OVS VoyrS 5.5V) A
OUTPUT LEVEL

lou 24 - \Y
Output “H” Level Voltage (loyr = -~ SmA)
OUTPUT LEVEL

V, - 04 v

ot Output “L° Level Voitage (loyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Ve =5V +10%, Ta=0~70°C) (NotesS, 6, 7)

THM3220205-80 | THM322020s-10
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX.

tre Random Read or Write Cycle Time 150 - 180 - ns
tpe Fast Page Mode Cycle Time S0 - 60 - ns
trac Access Time from RAS - 80 - 100 ns |8 13
teac Access Time from TAS - 20 - 25 ns |8 13
taa A((es§ Time from Column Address - 40 - 50 ns |8 14
tepa Access Time from TAS Precharge - 45 - S5 ns 8
ez TAT to Output in Low-Z 0 - 0 - ns 8
ors Output Buffer Turn-off Delay 0 20 0 20 ns 9
tr Transition Time (Rise and Fall) 3 50 3 50 ns 7
tap RAS Precharge Time 60 - 70 - ns
tras RAS Pulse Width 80 10,000 100 10,000 ns
tRasp RAT Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns
tRsH RAS Hold Time 20 - 25 - ns
tesh TAS Hold Time 80 - 100 - ns
teas CTAS Pulse Width 20 10,000 25 10,000 ns
trep RAS to TAS Delay Time 20 60 25 75 ns 13
RaD RAT to Column Address Delay Time 15 40 20 50 ns 14
terp TAS to RAS Precharge Time H - 10 - ns
tep TAS Precharge Time (Fast Page Mode) 10 - 10 - ns
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
tean Column Address Hold Time 15 - 20 - ns
tan Column Address Hold Time referenced go _ 75 _ s

to RAS
tRat Column Address to RAS Lead Time 40 - 50 - ns
trcs Read Command Set-Up Time 0 - - ns
treH Read Command Hold Time 0 - 0 - ns 10
tam Read Command Hold Time referenced 0 _ 0 _ s 10

to RAY
twen Write Command Hold Time 15 - 20 - ns
twen Write Command Hold Time referenced 60 - 75 - s

to RAS
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

THM3220205-80 | THM322020S-10
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX.

twp Write Command Pulse Width 15 - 20 - ns

tRwWL Write Command to RAS Lead Time 20 - 25 - ns

tow Write Command to TAS Lead Time 20 - 25 - ns

tos Date Set-Up Time 0 - 0 - ns 1"
ton Date Hold Time 15 - 20 - ns 1"
toHR Data Hold Time referenced to RAS 60 - 75 - ns

tRer Refresh Period - 16 - 16 ms

twes Write Command Set-UP Time 0 - [} - ns 12
tesh TAS Set-Up Time (CAS before RAS Cycle) [1 - 10 - ns '
teHR TAT Hold Time (CAS before RAS Cycle) 15 - 20 - ns

trec RAS to CAS Precharge Time 0 - 0 - ns

recharge Ti for:
tepr Z:n:e::':stg 'Cyc‘l‘:). (G5 betore T 40 - 50 - ns
twar WRITE to RAS before Precharge Time 10 - i _ o
(CAS before RAS Cycle)
twan WRITE to RAS Hold Time 0 _ 10 _ ns
(CAT before RAS Cycle)

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

SYMBOL PARAMETER MIN. MAX. UNIT
cn Input Capacitance (A0~A9) - 161 pF
cn Input Capititance W) - 168 pF
c3 Input Capacitance (RAS0~ RA3J) - 42 pF
ca Input Capacitance (CASU~CAS3) - 42 of
coQ1 VO Capacitance (DQ0~31) - 29 pF
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NOTES:

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

All voltages are referenced to Vss.
Iccy Iccs, Iccs, Iccs depend on cycle rate.
Icct, Iccq depend on output loading. Specified values are obtained with the output open.

LA o A

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.

6. AC measurements assume tT=5ns.

7.  Vii(min.) and Viy(max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Vg and V.

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

9. torr(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 tgcp(max.) limit insures that trac(max.) can be met.
trcp(max.) is specified as a reference point only: If trcp is greater than the specified trcp(max.)
limit, then access time is controlled by tcac.

14. Operation within the tgap(max.) limit, insures that tgac(max.) can be met.
trAD(max.) is specified as a reference point only: IftRap is greater than the specified trap(max.)
limit, then access time is controlled by taa.
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EARLY WRITE CYCLE

tag
T .
- ] - Af——ﬁ
Vin — \
RAZ Vie —
! [
!
ll(” tom e
ViH — teas
w W/ N /)
tar
tnag oy
tasa | |tman A
|

me s aTh

twes twew

wATe X:r:m e //////////////////////////////

o 7 e N T

7//////1 : "H" or "L*
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FAST PAGE MODE READ CYCLE
tap
_tup : S
ViH =
A3 v:r - \t ;

= W f Name I N i N

ta| L e | e fud - "”“ L—L‘]*‘m
A0~A3 3:{' Zm row 5@( o E@? o S@I o W////W

BEVE. | [

|etecs -—>T1;-“_ —’T‘Tﬂ' 1‘%
Y muww am aames
PP
-
Lot

thag | "sn a
Vou= 3
0Qo~ oW . ¢ Pr——
0Q31 VoL— - >- *
i v
oy tore | |t 3 l

*  VALID DATA OUT

m T *H® or "L*
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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= s f N N e N
tan taat

" tea

tasa tasc tean tasc Ta toan
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RAS ONLY REFRESH CYCLE

ViH — '
Vit —

3

- v D000~ Y i

VA : “H” or °L°

Note: WRITE= “H” or "L°
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CAS BEFORE RAS REFRESH CYCLE

j};——"'——t‘

Wik

Ly

e v~ T 7777

torr

DQO~ Vin — X

0Q3Y Vi — ‘{R

¢ “H® or “L°

Note: A0~A9="H" or "L”
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HIDDEN REFRESH LE (READ

Vi — nag 1
W \ H N

towl taco tasu } L
1
Vi — S l]
[ Vit — / \
taay S

g )
taan -—41-14 team f
W

S

T

Viy - )
e V2 W T

taac
fa |
taac torr
pqQo~ VoW~ VALID DATA-OUT }—
pQ31 Vo—

) : o\
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HIDDEN REFRESH CYCLE (WRITE)

\!
‘
= x.: \ LO. ’!;I \- :-—'!ﬂ.—._"V

ool e tag tom
ViH =
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ta ’
Vin

—
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~ XK~ X i
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twes 8 e “M

e v N — \

‘wl

oy ton
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V4 : "H" or °L°
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

taat

—
=3 Vi —
Ve

A

READ CYCLE

<t

Lo

ID DATA -OUT E

T
D

lt

DQO~ Vou-
0Q31 VOI.— OPEN
twmn 1, N
WRITE VM =
Vit -

WRITE CYCLE

DQo~ Vi -
0Q3t Vi —~

bved twas *
TS aa—
OPEN

-
4

B-122

t "H or "L*



THM322020S-80, 10
THM322020SG-80, 10

OUTLINE DRAWINGS
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2,097,152 WORDS X 36 BIT DYNAMIC RAM MODULE
DESCRIPTION PRELIMINARY

The THM3620208 is a 2,097,152 words by 36 bits dynamic RAM module which assembled 16 pcs of
TC514400J and 8 pcs of TC511000AJ on the printed circuit board. The THM362020S can be as well
used as 4,194,304 words by 18 bits dynamic RAM module, by means of connecting DQ0O and DQ18,
DQ1land DQ19, DQ2 and DQ20, - , DQL7 and DQ35, respectively. The TIHHM362020S is optimized for
application to the systems which are required high density and large capacily such as main memory of
the computers and as image memory systems, and to the others which are requested compact size.

EEATURES
® 2,097,152 words by 36 bits organization ¢ Single power supply of 5V10%
e Fast access time and cycle time e Low Power
Th3e3030 17363030 6,2.92mW MAX. Operating (THMxxxxxx-80)
$-80 5-10 5,412mW MAX. Operating (THMxxxxxx-10)
taac  RAS Access Time 80ns 100ns 132mW MAX. Standby
taa i°'“"‘" Address 40ns Sons o CTAS before RAS refresh, RAS only refresh, Hidden
Ccess Time - refresh, and Fast Page Mode capability.
tcac  CAS Access Time 20ns 25ns . e .
nc Cycle Time TS0 T80ns o All inputs and outputs T'I'L compatible.
e Fast Page Mode ® 1024 Refresh cycles/ 8ins (Burst Refresh)
Cycle Time 50ns 60ns ® 1024 Refresh cycles/16ms (Distributed Refresh)
" e Tin-Lead Contact: THM362020S-80, 10
¢ Gold Contact : THM362020SG-80, 10
PIN CONNECTION (TOP VIEW) PIN NAMES
l H ]H JH JH 1 l AQ~A9 Address Inpuls
DQ0~DQ35 |Data Input/Output
H H JH |H ]H JL l TA30~TASI |Column Address Strobe
° ° RAS0~RASI [Row Address Strobe
W Read/Write Input
Vee Power ( + 5V)
Vss Ground
PD Presence Detect Pin
1] Vs 13] A1 25| 0Q24 | 37{0Q17 | 49/ 0Q9 | 61| DQIa _80 | -10
2| DQO 141 A2 26 | DQ7 381 DQ35 50 | Q27 62| DQ33 PO0 | NC NC
3} 0Q18 15] A3 27 | DQ25 39| V¢s 51| DQ10 63| DQ1S P01 NC NC
4] 0Qt 16| A4 28| A7 40| CTA3D | s2/D0Q28 | 64| 0Q34 P02| NC Vae
s|0Qis | 17]As 29| NC 41| TAZI | s3|/oQ11 | 65| DQi6 03] Ve | Ves
6| DQ2 18| A6 30| V¢ 42| TAS3 | 54| DQ29 | 66| NC
710Q20 | 19] NC 31] A8 43| TAST | ss| DQ12 | 67| PDO
8| DQ3 20] DQ4 32| A9 44 | RASD 56| 0Q30 68| PO
9/0Q21 | 21| D0Q22 | 33| RA3I | 45| RAST | 57/ 0Qi3 | 69| PD2
10 | Ve 22| DQS 34| RASY 46 | NC 58| DQ31 70| PO3
111 NC 23{DQ23 | 35/ DQ26 | 47| W 59 | Ve 71| NC
12] A0 241006 | 361008 | 48| NC 60| DQ32 | 72| vgs
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BLOCK DIAGRAM

CAS 0 5os
DQO-
< 701 ’ 701 TAS
&30 RAS om0 192 ol M2 RAS RAS 1
ot ¥ A%904 10 8% W oe
= hd | 0Q4-7 I 7 T
e 7o [o}] i3
RAS M1 Vo2 Vo2 M13 RAS b
- 1103 1103 ;
i KoL A'O'g voa voa Aoig V; Of p—
= j M DQ8 =
CTAS M2 Din Din Mia _ CAS
RAS W A0-9Dout Dout A0-9 W RAS b
G3 ? } DQ 312 l ?
¢—o CAS o1 o1 CAS v
o2 o2
_L_: g—? w A0-9 :jgi :;8 3a09 " & iég
= Vil 1 DQ13-16 ] b =
] TAS Vo1 701 73
734 Ma Vo2 vo2 M6 RAS b
- 103 1103
408 v A%9004 110 8209 W OF by
* 1 0Q17 1 1 =
CAS M5 Din Oin M17 [3]
RAS W A0-9 Dout Dout A0-9 W RAS
&2 0 v l - g
G T ! o T
| 110 2 1102 N
RAS2 o < RAS w M6 A0.9l03 10350 M8 - RAS b RA33
408 vo 4 04 Of p—y
= b ] 5 DQ22-25 5 I T =
A% VO 1 701 TAS
4 RAS M7 Vo2 Vo2 M19 RA3
- V03 1103
qo0E W A%904 10 4299 W o
= b ] DQ 26 ] 7 T
[¥33 M8 Din Din m20 _ CAS
RA} W A0-9 Doyt Dout A0-9 W RAS 3
o3 - JTAs : l ToT 775 T : : TAS
AS M9 vo2 o2 M21 RAS
W A0.9¥0 3 V03 pg.g W B
408 yoa 104 P—
= I | DQ31-34 ] 1 =
— TAS Ik} 7o TAs
d 7&3 M10 ¥o2 Vo2 m22 RAS
03 03 W
—qot Vv A09,04 10 4209 W_Otp
= 1 I Q35 | 1 =
™3 M1l Din Din M23 A% p—
RAS W A0-9 Dout r——J l—— Dout A0-9 W RA3
Wo b | | J
A0-A9 l J
Vee M0-23
== Co0-23
Vss M0-23
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES }
Input Voltage Vin -1.0~70 v 1
Output Voltage Vour -1.0~70 Y 1
Power Supply Voltage Vee -1.0~70 v 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tsrg -55~125 °C 1
Soldering Temperature : Time TsOLDER 260- 10 °C-sec 1
Power Dissipation Pp 72 w 1
Short Circuit Qutput Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 S.0 5.5 Y 2
Viu Input High Voltage 24 - 6.5 \ 2
Vi Input Low Voltage -10 - 08 v 2
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DC ELECTRICAL CHARACTERISTICS (Ve =5V *10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX, | UNITS | NOTES

OPERATING CURRENT

lecr Average Power Supply Operating Current THM3620205-80 - 1144 mA 3,4
(RAS, TAS, Address Cycling: tac = tac MIN.) THM3620205-10 - 984
STANDBY CURRENT

lecz Power Supply Standby Current - 48 mA
(RAS = CTAS = Vi)
RAS ONLY REFRESH CURRENT

Iccs Average Power Supply Current, RAS Only Mode THM3620205-80 - 1144 mA 3
(RAS Cycling, TAS = Vyu: tac = tac MIN.) THM3620205-10 - 984
FAST PAGE MODE CURRENT

leca Average Power Supply Current, Fast Page Mode THM3620205-80 - 784 mA 3,4
(RAS = v, TAS Address Cycling: tec = tpe MIN.) THM3620205-10 - 664
STANDBY CURRENT

lees Power Supply Standby Current - 24 mA
(RAS = CAS = Ve - 0.2V)
TAS BEFORE RAS REFRESH CURRENT

lece Average Power Supply Current, CTAS Before RAS THM3620205-80 - 1144 mA 3
Mode (RAS, TAS Cycling: tac = trc MIN.) THM3620205-10 - 984
INPUT LEAKAGE CURRENT

hw Input Leakage Current, any Input -240 240 pA
(OVS ViyS 6.5V, All Other Pins not under Test=0V)

| OUTPUT LEAKAGE CURRENT 2 2 A

O 1 (Doyy is disabled, OVS Voyr S 5.5V) s
QUTPUT LEVEL

loH . 24 - '
Output “H" Level Voltage (lgyr = - SmA)
OUTPUT LEVEL

VoL vy - 0.4 v
Output “L" Level Voltage (lgyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Ve =5V *+10%, Ta=0~70°C) (Notes5, 6, 7)

THM3620205-80 THM3620205-10
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX.

tac Random Read or Write Cycle Time 150 - 180 - n;
toc Fast Page Mode Cycle Time 50 - 60 - ns
tRac Access Time from RAS - 80 - 100 ns | 8, 13
teac Access Time from TAS - 20 - 25 ns | 813
taa Access Time from Column Address - 40 - 50 ns | 8, 14
tepa Access Time from TAS. Precharge - 45 - S5 ns 8
tewz CAS to Output in Low-Z 0 - 0 - ns 8
tors Output Buffer Turn-off Delay 0 20 0 20 ns 9
ty Transition Time (Rise and Fall) 3 50 3 50 ns 7
trp RAS Precharge Time 60 - 70 - ns
tras RAS Pulse Width 80 10,000 100 10,000 ns
trasp RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns
tRsH RAS Hold Time 20 - 25 - ns
tesm TAS Hold Time 80 - 100 - ns
teas TAS Pulse Width 20 10,000 25 10,000 | ns
tacp RAS to CTAS Delay Time 20 60 25 75 ns 13
trap RAS to Column Address Delay Time 15 a0 20 S0 ns 14
teap CA3 1o RAS Precharge Time 5 - 10 - ns
tep TAS Precharge Time (Fast Page Mode) 10 - 10 - ns
tase Row Address Set-Up Time 0 - 0 - ns
tran Row Address Hold Time 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - ns
tcan Column Address Hold Time 15 - 20 - ns
tan Column Address Hold Time referenced 60 _ 75 _ s

to RAY
trat Column Address to RAS Lead Time 40 - 50 - ns
tres Read Command Set-Up Time 0 - [} - ns
tacu Read Command Hold Time 0 - 0 - ns 10
- Read Command Hold Time referenced 0 _ 0 _ ns 10

to RAS
tweH Write Command Hold Time 15 - 20 - ns
twea Write Command Hold Time referenced 60 _ 75 _ ns

to RAS
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

THM3620205-80 | THM3620205-10
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX.

twe Write Command Pulse Width 15 - 20 - ns
trwi Write Command to RAS Lead Time 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 25 - ns
tos Date Set-Up Time 0 - 0 - ns 1"
toK Date Hold Time 15 - 20 - ns 1"
toHR Data Hold Time referenced to RAS 60 - 75 - ns
Ree Refresh Period - 16 - 16 ms
twcs Write Command Set-UP Time 0 - 0 - ns 12
tesr CAS Set-Up Time (CAS before RAS Cycle) 5 - 10 - ns
LCHR TAT Hold Time (TAS before RAS Cycle) 15 - 20 - ns
treC RAS to CAS Precharge Time 0 - 0 - ns

CAS Precharge Time (CAS before RAS
tepr a0 - 50 - ns
Counter Test Cycle)

. WRITE to RAS before Precharge Time 10 10
- - ns
L WRe (CAS before RA3 Cycle)

WRITE to RAS Hold Time
(CAS belore RAS Cycle)

twrH

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

SYmMBOL PARAMETER MIN. MAX. UNIT
[«}] Input Capacitance (A0~A9) - 161 pF
ci2 Input Capacitance (W) - 168 pF
c3 Input Capacitance (RASO~ RAS3) - 42 pF
cia Input Capacitance (CASD~CASS) - 42 pF
coQ! WO Capacitance (DQO~7, 9~ 16, 18~25, 27~34) - 29 pF
cbQ2 /0 Capacitance (DQ8, 17, 26, 35) - 39 pF

B-130



THM362020S-80, 10
THM362020SG-80, 10

NOTES: \
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.

Icci, Icea, Iccd, Icce depend on cycle rate.

Icci, Icc4 depend on output loading. Specified values are obtained with the output open.

o s wow

An initial pause of 200yus is required after power-up followed by 8 RAS cycles before proper device
operation is achieved. In case of using internal refresh counter, a minimnum of 8 CAS before
RAS initialization cycles instead of 8 RAS cycles are required.

6. AC measurements assume tpr=>5ns.

~1

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

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

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

10. Either tgcy or trril 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 twcs2twes(min.), the cycle is an early write cycle and data out pin will
remain open circuit (highimpedance).

13. Operation within the tpcp(max.) limit insures that trac(max.) can be met.

trcp(max.) is specified as a reference point only: If tpcp is greater than the specified tpcp(max.)
limit, then access time is controlled by tcac.

14. Operation within the trap(max.) limit, insures that tgac(max.) can be met.
trap(max.) is specified as a reference point only: If tgap is greater than the specified tpap(inax.)
limit, then access time is controlled by taa.
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READ CYCLE

tag
DT .
Vin _———-————:w tnat g 3
RAS Vit — i \———
tesn
‘331 o tay i
Vik — —s
TS vy — / \\ / /
tan
taap taay
tasa | | tnan tasc tean
VlH -, - ' 4
AO~AY Vi //;/ Z//Z//Z% ROW @‘ COLUMN //
) t taant
ACS
[4——
WRITE v, __/// // —re |
| tas
|
taz t
tanc ‘
DQO~ Vow™ OPEN 7 VALID DATA.QUT lé—-——-——-
0Q35 Vou—

m ¢ "H” or "L”
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EARLY WRITE CYCLE

|
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e s s
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w v R

m T "H” or “L”
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FAST PAGE

MODE READ CYCLE

B —
o Vi — \
RAS Vi . I~
[ tec tus
tene!
taco

ViH —
RS vy - /

teas leng

N N N

tasn tnane t

[tas

AO~A9 \\2::7/////////%% row .

- - I
wwwe ve 00
DQO~ \\;g“‘
DQ35 L=

| <tags

tacis tacn
nee Y

O SO =

Ll
R A
tha | tha |

i«

. R . B .@ N S
7% S

]‘on "o"

tes torr - _“c_vzz . o

. VALID DATA QUT

: "H" or "L”
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE |

''''' JL"
—— J{—!
RS N , N\
tre tas,
taco
car Lo e 1t
ViH — s *—T"‘“ k—J AL g s, | |
[ IV / \\| \ ; %
fan thay,
t tc
thin | [t tasc tean tasc ‘_‘_§ tean
A0~A9 \\;m: % // X| row { <o W coL { cou /
Y 9 "
tnao
B ——— |
twer twel twen
twes twen twe lLM‘
Vi - 7 - t hig 7 twr g ' twi f
BN < ;2,’ i los tou|
. o EEEEE 0T L
l tons

. VALID DATA IN

H - T
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RAS ONLY REFRESH CYCLE

tag
tap
VlH —————-—-_——’ Tpac ka———————,
Vi — K Nt

g

temr
l

. Vi \/

&3

'''''

wrs T N

T "H" or "L”

Note: WRITE="H" or "L"
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CAS BEFORE RAS REFRESH CYCLE

w T /*_L’ N - N~
o /’h 0

we = 00 '

DQO~ Vi — T}

0Q35 Vi — /[

: "H" or "L”

Note: A0~A9="H" or “L"
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HIDDEN REFRESH CYCLE (READ)

tng
tap
—— ——
Vin — N nag % Nt
Vit A

l

g
<<
[l
v
™~

KT

b3
a
§] 3
I
3
h
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A
Vv = 777

tun %
l ol g |

e 000000 N\

—

torr )
DQO~ zo“- VAUID DATA . QUT &-————-—
0Q3s Yoi— . I
<4

P "HT oor "L
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HIDDEN REFRESH CYCLE (WRITE)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

taas

E—
o
tes
ViH —
[} Vit - \

toum }‘4‘ 2

-5 e

READ CYCLE

DQO~ Vou-

COLUMN

D

0Q35 Vo

NA

-out

teac
tan
AA
| VALID DATA
tewr

me
Iq--
D00

Y i
e U ——
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QUTLINE DRAWINGS
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2,097,152 WORDS x40 BIT DYNAMIC RAM MODULE

DESCRIPTION

The THM402020SG is a 2,097,152 words by 40 bits dynamic RAM module which assembled 20 pes 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.

FEATURES

e 2,097,152 words by 40 bits organization o
e Fast access time and cycle time

PRELIMINARY

Single power supply of 5V+£10%
Low power

THMA402020 | THM402020 5,885mW MAX. Operating (THMxxxxxx-80)
5G-80 $G-10 5,060mW MAX. Operating (THMxxxxxx-10)
trac RAS Access Time 80ns 100ns 110mW MAX., Standby
taa Column Address a0ns Sons e Read-Modify-write,CAS before RAS refresh,
Access Time RAS only refresh, Hidden refresh, and Fast Page
tcac CAS Access Time 20ns 25ns Mode capability.
tpc  Cycle Time 150ns 180ns e All inputs and outputs TTL compatible
tpc  Fast Page Mode e 1024 Refresh cycles/16ms
; 50ns 60ns
Cycle Time ® Gold Contact
e JEDEC OUTLILNE : THM4020208G - 80, 10
e NON JEDEC OUTLINE : THM402040SG - 80, 10
PIN CONNECTION (TOP VIEW) PIN NAMES
O AO0~A9 Address Inputs
o) O |THM4020205G DQO~DQ39 | Data Inputs/Outputs
b b ed b b ed e CTAS0,CAST | Column Address Strobe
7 | [ T RAS0,RAST | Row Address Strobe
1 36 37 72 W Read/Write Input
e OE Output Enable
o O |THM402040G Vee | Power(+5V)
b=rd = b= b= = b= bd Vss Ground
™__ (T T T O T PD Presence Detect Pin
/ 1 36 37 72
1] Vs 131 A1 25| DQ13 37| bQ19 49| DQ22 61| DQ33 -80 - 19
2| 0qo | 14 A2 26| DQia | 38| DQ20 | 50| DQ23 | 62] DQ3a POOJ NC ] NC
3| DQ! 15| A3 27| 0Q15 | 39| Vss 51| 0DQ24 | 63| DQ35 POI| NC_| NC
4| Dqz | 16] Aa 28| A7 40| CASO | 52| DQ2z5 | 64| DQ36 PO2] NC | Vss
5| bQ3 | 17] As 29| DQi6 | 41| NC 53| 0QZ6 | 65] bQ37 P3| Vss | Vs
6| DQ4 18| A6 30| Vee 42 [ NC 54| DQ27 66 | DQ38
7| DQS 19 | OF 31| A8 43 | TAST 55| DQ28 67 | PDO
8| DQ6 20 | DQ8 32| A9 44 | RASO 56 | DQ29 68| PD1
9| DQ7 21| 0DQ9 33| NC 45| RAST 571 DQ30 69| PD2
10| Vec 22| DQ10 34| NC 46| DQ21 58| DQ31 70| PO3
11| NC 23| DQ11 35| DQ17 47| W 59 | Ve 71| DQ39
12] A0 24| 0Q12 | 36| DQ18 | 48] vg 60 D32 | 72]vg |
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BLOCK DIAGRAM

—= DQO~3
TAS o———1—TAS v - ey CAS p—1—OTAS
RA3 © RAS Mo 103 o3 M10 RAS p ©RAS
Ot © qO0E W A0-9 /04 o 7104 AD-9 W Ot
i [ per [ i
- 701 701 TAS b
wow I -
OF W A0-9 /02 104 A0-9 W_OF
VAT ! DQs-11 70 1 TAS b—oi
RAS M2 103 Vo3 m12 RAS p
q0t W A0-9 1/04 1104 A0-9 W O p
| TAs 701 0QI2~15 7ol A3 b
dRAS M3 a3 g M13 RAS P
<40 w A0-9 104 1104 A0-9 W OF p
I l 161 l 1
}—d CAS /01 9 S /0 1 TAS b—
-4 RAS o2 /02 RAZ P
A Mma 110 3 /0 3 M14 AS o
OfF W A0-9 104 /04 A0-9 W OF p
— e e
qRAS M5 1103 /03 M15 RAS
q0E W AD-9 1104 /04 A0-9 wW__OF
if [ | if
= = kE -
qRAS M6 1103 93 M6 _ RASP
40t W A0-9 /04 104 A0-9 W OF
—dTAS Vo 1 pQ28~3 70 1 A5 b—d
<{RAS M7 o3 Vo3 M17 RAS b
q0FE W A0-9 1104 o 104 AQ-9 W ©OF b
i l 5Q32~35 | 1
e — o e
| RAS m8 1103 03 mi8 RAS
JOE W A0-9 1102 1104 AQ-9 W OF
s Vot DQ36~39 701 RS b—
—qRAS M9 103 92 M19 RAS p
r——0E W A0-9 1/04 /104 A0-9 W Ot p—mt
g T
W o
AD-A9 O .
Vee © -
) % P MO- 19
s © MO- 19
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES ‘
Input Voltage Vin -1.0~7.0 Y 1 ‘
Output Voltage Vour -1.0~7.0 Vv 1 [
Power Supply Voltage Vce -1.0~7.0 \ 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tste -55~125 °C 1
Soldering Temperature : Time TsoLoer 260-10 °C-sec 1
Power Dissipation Pp 6.0 ‘ w 1 ;
Short Circuit Output Current loyr 50 mA 1 ‘

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Ve Supply Voltage 4.5 5.0 5.5 v 2
Vi Input High Voltage 2.4 - 6.5 \% 2
Vi input Low Voltage ' -1.0 - 0.8 \% 2

|
|
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DC ELECTRICAL CHARACTERISTICS (Ve =5V 10%, Ta =0~70°C)

MIN.

NOTES

Output “L" Level Voltage (loyr = 4.2mA)

SYMBOL MAX. | UNITS

OPERATING CURRENT

[<a] Average Power Supply Operating Current THM4020205G-80 - 1070 mA 345
(RAS, TAS, Address Cycling: tgc = tge MIN.) THM4020205G-10 | - 920
STANDBY CURRENT

Iccz Power Supply Standby Current - 40 mA
(RAS=CAS = V)
RAS ONLY REFRESH CURRENT

lcca Average Power Supply Current, RAS Only Mode THM4020205G-80 - 1070 mA 35
(RAS Cycling, TAS = Vi: tec = tre MIN. ) THM4020205G-10 | - 920
FAST PAGE MODE CURRENT

lcca Average Power Supply Current, Fast Page Mode THM4020205G-80 - 720 mA 3,45
(RAS =V, TAS Address Cycling: tpc =tpc MIN. ) THM4020205G-10 | - 620
STANDBY CURRENT

lces Power Supply Standby Current - 20 mA
(RAS = TAS = V¢ - 0.2V)
TAS BEFORE RAS REFRESH CURRENT

lece Average Power Supply Current, CAS Before RAS THMA4020205G-80 - 1070 ‘mA 3
Mode (RAS, TAS Cycling: tac = tac MIN.) THMA020205G-10 | - 920
INPUT LEAKAGE CURRENT

W Input Leakage Current, any Input -200 200 A
(OV= Viy= 6.5V, All Other Pins not under Test=0V)
QUTPUT LEAKAGE CURRENT

low . -20 20 HA
(Doyr is disabled, OVS Voyr=5.5V)
QUTPUT LEVE

VoH v E" t 2.4 - \%
Output "H" Level Voltage (loyr = - 5mA)
OUTPUT LEVEL

Vo - 0.4 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATIVNG CONDITIONS ;
(Ve =5V +10%, Ta=0~70°C) (Notes 5, 6, 7) |

THM402020 THM402020
SYMBOL PARAMETER $G-80 G-10 |uniT|NoTES !
MIN. MAX. MIN. MAX.
tre Random Read or Write Cycle Time 150 - 180 - ns
trmw Read-Modify-Write Cycle Time 205 - 245 - ns 1
tpc Fast Page Mode Cycle Time 50 - 60 - ns ‘
— E;sc}:;gr:eMode Read-Modify-Write 105 _ 125 - ns
trac Access Time from RAS - 80 - 100 ns ?,514 1
tcac Access Time from CAS - 20 - 25 ns | 9,14
taa Access Time from Column Addiess - 40 - 50 ns | 9,15
tepa Access Time from CAS Precharge - 45 - 55 ns |9
teuz TAS to output in Low-Z 0 - 0 - ns |9
torF Output Buffer Turn-off Delay 0 20 0 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 ns |8
trp RAS 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
tarcp gtl-:’c;l;eTmz eF)rom CAS Precharge a5 _ 55 _ ns
tesu CAS Hold Time 80 - 100 - ns
tcas CAS Pulse Width 20 10,000 25 10,000 ns
trRco RAS to TAS Delay Time 20 60 25 75 ns | 14
trao RAS to Column Address Delay Time 15 40 20 50 ns | 15
terp CAS to RAS Precharge Time s - 10 - ns
o | T ol - o] - |=
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 :
tcan Column Address Hold Time 15 - 20 - ns
tan S:I%%n Address Hold Time referenced 60 _ 75 _ ns ‘
tRaL Column Address to RAS Lead Time 40 - 50 - ns
trcs 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 5G-80 5G-10  iyniTs| NOTES
MIN. MAX. MIN. MAX.
- Read Command Hold Time referenced 0 _ 0 _ ns |11
to RAS
twen Write Command Hold Time 15 - 20 - ns
twer Write Command Hold Time referenced 60 _ 75 ~ ns
to RAS
twp Write Command Pulse Width 15 - 20 - ns
tawL Write Command to RAS Lead Time 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - ns | 12
tou Data Hold Time 15 - 20 - ns 12
toHR Data Hold Time referenced to RAS 60 - 75 - ns
trer Refresh Period - 16 - 16 ms
twes Write Command Set-UP Time 0 - 0 - ns |13
tewn TAS to WRITE Delay Time ' 50 - 60 - ns | 13
trRWD RAS to WRITE Delay Time 110 - 135 - ns | 13
tawDd Column Address to WRITE Delay Time 70 - 85 - ns | 13
tepwo CAS Precharge to WRITE Delay Time 75 - 90 - ns |13
tesr CAS Set-Up Time(CAS before RAS Cycle) 5 - S - ns
teHR CAS Hold Time(TAS before RAS Cycle) 15 - 20 - ns
tRpC RAS to CAS Precharge Time 0 - 0 - ns
teor CAS Precharge Time (CAS before RAS 2 _ 50 _ ns
Counter Test Cycle)
tROH RAS Hold Time referenced to [e]3 10 - 20 - ns
toea OF Access Time - 20 - 25 ns
toeo OE to Data Delay 20 - 25 - ns
toez Output buffer turn off Delay Time o 20 0 20 ns |10
from OF
toem OE Command Hold Time 20 - 25 - ns
twrp VZ_I_‘E' to RAS Precharge Time 10 B 10 _ ns
(CAS bhefore RAS Cycle)
s VXEI_TE to RAS Hold Time 10 _ 10 _ ns
(CAS before RAS Cycle)
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CAPACITANCE (Ve =5V +10%, f= 1MHz, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
cihh Input Capacitance (AO~A9) - 130 pF
ci2 Input Capacitance (W, OF) - 130 pF
c3 Input Capacitance (RA30, RAST) - 70 pF
cla Input Capacitance (CAS0, CAST) - 70 pF
cbQ /0 Capacitance (DQO0~DQ39) - 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 Vgs.

3. Icci, Ices, Iccs, Icce depend on cycle rate.

4, Icci, Iccs depend on output loading. Specified value are obtained with the output open.

5. Column address can be changed once or less while RAS = Vy, and CAS = V.

6. 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 n:nimum of 8 CAS before RAS
initialization cycles instead of 8 RAS cycles are required.

7. AC measurements assume tT=>5ns.

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

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

10. torr (max.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

11. Either trcir or trriy 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, tkwbp, tcwp, tAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZtwcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwpZtrwp (min.), tcwp=tcwp (min.), tAWD=tawD (min.) and tcpwp=tcpwp (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 tRcp (max.) limit insures that tpac (max.) can be met.
trep (max.) is specified as a reference point only: If tRcp is greater than the specified trcp (max.)
limit, then access time is controlled by tcac.

15. Operation within the tRap (max.) limit insures that tgrac (max.) can be met.

tRAD (max.) is specified as a reference point only: If tRaD is greater than the specified tRap (max.)
limit, then access time is controlled by taa.
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READ CYCLE

W N /T— N

. N i / 7
= ///////////////////////////
% o —— &,@Q e

% : "H" or "L”

AAAAA

B-151




THM402020SG-80, 10

WRITE CYCLE (EARLY WRITE)

= oz N A S -
“ T |l N -7
o - D @

«—RAD |
l tow
tweH |

s [ ]
o T -

|
| tRWI.

= W

lllll

t

ton

:"H"or""
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WRITE CYCLE (OE CONTROLLED WRITE)

tre
tras R
Vin taR
s N N
Vip = N 2
1
t

CSH
| tcre trep tasH

CRP
Vih —
TAT trAD \\ teas / /
VL — ¢ X
tasr RAH
Bad tasc, | Sear,

e O /////////////////////////
o R ~ |

o T, ||
T N o N

% : "H" or "L"
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READ-MODIFY-WRITE CYCLE

I — )’A:\_
" -_-_j* | M | B
o :%ﬁow X ':
- B -

. iz Nul/

ol PG
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FAST PAGE MODE READ CYCLE

tRASP }R", ‘
Vi —"
RAS v \ tar )
w = s g
A(ld  RsH | |tcre
rgfz tReD tcp RHCP
Vi —— 4 N s N e
w tas0, N\ees /] Ndess N[~
ViL — tRAH X A+ h
Tesn tea trAL |
tasg tasc tean tase| | tasc| [tcan '
Vi —ZAF X ! !
A0~A9 77\ ROW CcoL.1 CcOL.2 COL.N
Vi Kt R .

I t"Eif__L_ t"St‘_+ _,'.Lﬁss |tacs , 1Rk

WRITE trRRH

I tan | tan | tan
| tepa | tcpa )

o Vig — \ toea \ .105;« toea

ViL —= =’y

Ycac Tor [V Tore teac tore
! trac - ) Itggz teg— T Itou tcuz !

DQo~ VoH — Qe ’, - R ;,

0Q39 vo — -// | Do N Do 2 2o

: “H" or "L"

P
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FAST PAGE MODE WRITE CYCLE

CAH
Vin 3 - ¥ N
~A9 @q ROW @ coL.1
Vi . 7 B
trap |,

tasc

twep  twen
twe

"

DQo~ ViH ——///
DQ39 v, “m@

o
o )

|l toHr I | :

tos ! ! toH )

..

tos | I ton

L ¥
a3
Din N
.

.

: “H" or "L"
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

e Vi — trase

RAS N tre [\
ViL — e -
trep tpRMWY > tc| RSH . tcre
CRS ViH — e % tcas teas teas
ViL -, \traH \ X Z S &
ASRVI Tasc &‘r tasc lcan tAsC — 1RAL

Vih — ZAF > il
AO~A9 Vi 7 XRROWKA| coL.1 X coL2
T T tRWO tcwd tcpwi R ]
tres ] tewo o tcwo L °owo CWL

WRITE Vi — J tawp I LV tawp ' tawo 'x [
Vip, — taa e L |
toe I toga tweil N toep 34l
e Vi — N
o] /) /
Vi — toen
It tRAC €] tcra toen tcpa toep
toezl | | tan tan
tos teac tos teac tos
toezl | | toezl | | t
teac tou o4 o
DQO~ Vior— 4 F
DQ3IY Vyo— o] Xow 1 X ow2 - % D N
taz ez laz,
Dout ! Dour 2 Dour N

: “H" or “L"

B-157



THM402020SG-80, 10

RAS ONLY REFRESH CYCLE

CAS

AD~A9

Vi —

tras

trp

v — —
_ s
i —— /
tasr | [tran '
N7/, BB Y,

NOTE : WRITE, OE = “H" or “L"

CAS BEFORE RAS REFRESH CYCLE

CAS

WRITE

DQO~
DQ39

trp

: “H or "L

Vig ——

t
Vi o/ trec

tep
|ty |

Vi ——

tras

tesr

teHr

Vi —

| twep

twrH

N/,

Von————\
[EE———

trp

R __

Y7z

N2/ 7777

VoL

OPEN

NOQTE : OF, AD~A9 = “H" or "L"
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HIDDEN REFRESH CYCLE (READ)

X
w

0
>
(7

AQ~A9

WRITE

DQO~
DQ39

HIDDEN REFRESH CYCLE (WRITE)

2

DQO~
DQ39

tre tre
trAS trp tre

Vi E— Tan ‘—"S tha ‘F§
Vip —
v .‘cnv trcn trsH < CRP

W t
v 7 wap N\ ~—CHE

" tasg

t,

Vi — AR tnan feay
VIL — m

| tres

tRRH WRH |
" — “L’%; —

| -
taa

x:: _ \ toea 7777777
" TRac e j..._‘.SAS» t o

zz:: _ VALID DATA-0UT

T "H"or “L"

Vi —— - tras e trp . e tap

v::‘ _ ‘; . AR X RAS K

Vg — cre RCD tRsH . | R

iy e e

Vig — i ‘_".tnu tc‘AH‘.

v _% ROW F_COLJMUN

Viy —— tViC_S, twp o tm By )
N/ N,

tos ! | ton

i
V —
ViL I )

tonr

T “H"or"L"
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trp

w T mat
Vin ———-—-———-\itcsk .._E‘Eﬂ‘._j'_—tc:’—_' :'5'2; Va
CAs ViL —— - T I
| tasc tcan
A0~A9 :::: COLUMUN ADDRESS '///////////////////////////%
READ CYCLE twere | [twrH & ‘A:CAC | faci)
WRTE '
l tROH__
Vi ' | [torr
te toez| ]
Doggag \\;OH: OPEN I % VALID DATA-QUT S
WRITE CYCLE twip || twa = T '
wate 7 'm« ,
OF Z:: Y
~ los ton )
DQODQ39 z'H: OPEN i VALID DATA-IN z-k oo
READ-MODIFY-WRITE txv_R: LVLR: e ;:\‘xg TRWL
ST —W—W I
RITE Vy —— tcag ‘_W‘P'W
e
oF oy — |\L‘<°—‘¢ s
~  Viow — ] e et tmi
DQ(I;Q39 zl/OL - e
: “H"or "L" DATA-OUT
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OUTLINE DRAWINGS i

¢ THM402020SG Unit in mm ‘
FRONT SIDE 2-23.18£0.05 a1°MAX
| 107.95+0.13 I 8.89MAX.
| : |
1 2
=l 2|5 S
ol 7|2 ™ ~ g ~
ez 4 S D :
<! n 0\ o " :
| . y hA <~ |
Qy w0 I -
- S
| 127 R1. 57+010 - L 0.10
2034013 | || |! — lesssoos 1.270.08
6.35£0.13 95.25 £ 0.08
3.3810.13 101.1940.13
BACK SIDE

l 1.04 £0.05

L) e L ] [ ]

2.54MIN.

Contacts : Gold

1.27

I<——->I

0.25MAX
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