
TOSHIBA MOS MEMORY PRODUCT 
1,048,576 WORDS X 9 BIT 
DYNAMIC RAM MODULE 

j OESCRI PTION I 

THM91 000S/L-1 0/12 

The THH9l000S/L is ~ 1,048,576 words by 9 bits dynamic RAM module \vhich assembled 
9 pes of TC511000J on the printed circuit board. 

The Tru~lOOOS/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an i~age memory 
systems, and to the others which are requested compact size. 

jFEATURES] 

• 1,048,576 words by 9 bits organization 
• Fast access time 

tRAC RAS Access Time 
tAA··· 

. __ .. _-
Column Address Access Time 

tCAC CAS Access Time 
tRC Cycle Time 
tpc Fast Page Node Cycle Time 

• Single pmver supply of 5V+10% 
• Lm., pmver 

2, 970 m~~ NAX. Operating (':'HH91000S/L-10) 
2,475 mH NAX. Operating (THH91000S/L-12) 
49.5 m~·J HAX. Standby 

TH:-19l000S/L-10 THH<11000S/L-12 
lOOns 120ns 

50ns 60ns _. 
35ns 45ns 

190ns 220ns 
55ns 70ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Hode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cyc1es/8ms 
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IPIN NAt:1ES! 

AO '" 9 Address Inputs 

DQO '" 7 Data Input/Outputs 

D8 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

VI Read/Hrite Input 

CAS8 Column Address Strobe 

VCC Pmver (+5V) 
VSS Ground 

N.C. No Connection 
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IBLOCK DIAGRAN\ 
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ABSOLUTE rlAX Inur·' RATINGS 
ITEM SYHBOL RATING UNITS NOTES 

Input Voltage VIN -1'" 7 V 1 
-- - --- --' --'--"--' 
Output Voltage VOUT -1'" 7 V 1 
---------
PmJer Supply Voltage VCC -1'" 7 V 1 

Oper~t ting Temperature TOPR 0", 70 ·oC 1 
---_ .. .- -_. 
Storage Temperatllre TSTG -55 ,\, 125 °c 1 
f------- .--------.- ----- ---
Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 

Pm-lcr Dissipation PD 5.4 H 1 
t----.- - .-f--
Short Circuit Oulput Current lOUT 50 rnA 1 

RECOi·1l·1ENDED DC OPERATIf'IG CmmITIC1lS (Ta=O ,\, 70°C) 
Sy:mOL PARAl'IETER ~1r~J. TYP. ~IAX. l;:aT t\OTES 

Vce Supply Voltage I 4.5 5.0 5.5 V 2 

ViH 
_ .. :---

Tnput High Voltage 2.4 6.5 V 2 
r--.---- -----_._---_._----_ .. _-----1--------r------- r--.---- ----- ---

V[L Input Lmv Voltage -1.0 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vee=5V~10%, Ta=0~700e) 

SY:1BOL PARA~IETER rlIN. aA.X. UNITS ~roTES 
OPERATlt\G CURRENT j}~:[91COG:::;...-1.r--1O - 540 

ICCl ~\verage Pm-ler Supply Operating Current mA < 4 ~ , 
J.fu\S, CAS, Address Cycling: tRC=tRC HnJ.) TE:1:9 100 OS/L-12 - 450 

---
STANDBY CURRE(JT 

ICC2 POHer Supply Standby Current - 18 rnA 

(RAS=C,.\S=VI H) 
RAS m~LY REFRESH CURRENT T2,;91GOOS/t-1O - 540 

ICC3 Average POHer Supply Current, RAS Only !lode rr.A 3 
(RAS Cycling, CAS=VIH: tRC=tRC ~-lIN .) l;:2.:9100CV.lJ-12 - 450 

FAST PAGE r'IODE CURRE~lT T:~,i91000S/t-lO - 360 
ICC4 Average PmJer Supply Current, Fast Page ~lode rnA 3, 4 

(RAS=VIL, CAS Address Cycling: tpC=tpc HIN.) THM910 0 OS/ir-1 2 - 270 

STANDBY CURRENT 

Ices POHer Supply Standby Current - 9 rnA 
(RAS=CAS=VCc-0.2V) 
CAS BEFORE RAS REFRESH CURREi.'lT lli,191000S/L--1O - 540 

ICC6 Average POHer Supply Current, CAS Before TIAS ru\ 3 
Hade (RAS, CAS Cycling: tRC=tRC NIN.) 'I'}£1!910 OOS,/L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 )!A 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 lJA 
(DOUT is disabled, OV ~ VOUT ~ 5.5V) 

VOH 
OfTTPUT LEVEL 2.4 V Output "H" Level Voltage (IOUT=-5mA) -

VOL OUTPUT LEVEL 0.4 V Output "L" Level Voltage (IOUT=4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O rIJ 70°C) (Notes 5, 6,7) 

SY~lBOL PARANETER 
THN91000S/L-IO TIlH91000S/L-12 

UNIT NOTES 
~IIN • HAX. NIN. MAX. 

tRC Random Read or Hrite Cycle Time 190 220 ns 
tpc Fast Page Node Cycle Time 55 70 ns 

'------- - f----------------

tRAC Access Time from RAS 100 120 ns 8, 13 
----- -----"---"---"-----'-----
tCAC Access Time from CAS 35 45 ns 8, 13 

1-:------1-------------
tAA Access Time from Column Address 50 60 ns 8,' 14 

-
tCPA Access Time from CAS Precharge 50 65 ns 8 --- -f--- --

tCLZ CAS to Output in Low-Z 5 5 ns 8 
------------------r----

tOFF Output Buffer Turn-off Delay 0 30 0 35 ns 9 
-----1-------------
tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 
f---- ------
tRP RAS Precharge Time 80 90 ns 
tRAS - --- 1----

Rl\S Pulse \Jid th 100 10,000 120 10,000 ns 
1-----1---------------------- --------------

tRl\SP RAS Pulse h'id th (Fast Page ~rode) 100 100,000 120 100,000 ns 
1---------- 1--------- - - ---

tRSH RAS Hold Time 35 45 ns 
-

tCSH CAS Hold Time 100 120 ns 

tCAS CAS Pulse \Jid th 35 45 ns 

tRCD RAS to CAS Delay Time 25 65 25 75 ns 13 

tRAD RAS to Column Address Delay Time 20 50 20 60 ns 14 

tCRP CAS to RAS Precharge Time 10 10 ns 
tcp CAS Precharge Time (Fast Page Hode) 10 15 ns 
tASR Rmv Address Set-Up Time 0 0 ns 
tRAH Row Address Hold Time 15 15 ns 

tASC Column Address Set-Up Time 0 0 ns 

tCAH Column Address Hold Time 20 25 ns 

tAR 
Column Address Hold Time referenced 
to RAS 75 90 ns 

tRAL Column Address to RAS Lead Time 50 60 ns 

tRCS Read Command Set-Up Time 0 0 ns 
tRCH Read Command Hold Time 0 a ns 10 

tRRH 
Read Command Hold Time referenced 

0 0 10 RAS ns to 

-A-194 -



THM91 OOOS/L-l 0/12 

ELECTRICAL CHARACTERISTIC AND RECOr·1r·lENDED AC OPERATInG CGr!DITIONS (Continued) 

THH91000S/L-10 THH91000S/L-12 
snmOL PARMIETER I-----.----_t_---,----I UNITS ~IOTES 

~·IAX. HAX. 

~Jr i t c Command lIo ld Time 20 ns 
----. ----- --_._ .. -----_.---------

75 I!r i te Command Ho ld Time referenced 
toP-AS t~·:cn ns 

I -------. ---- .... -------- .-.. --.. ------------.-.--.-.--- -------I·----+----t------I----+----I 
~,'dte Cor.:r.land Pulse \·.'iclth 20 i ns 

tRIJL \Id te Command to nAS Lead Time 
.- -------. .- - ..... --.-----.----.--.---------+---.-+---~f__--_+_---_t_--+_-___i 

25 ! ns 

25 -r-------
1------ -- ----. -'--'------------ - -------.. - -- r---'- ---r--- /-----+----1----+----1 

tos Duta Set-Cp Time IOns 11 
1---- --------.. -------- -.------------l--.---+----+------i------f----t----i 

tDI! Data [loid Time I 20 i ns 11 

-t-D-l!~-~~~-·-I·;-o-·-1.-cl--T-im-! e-r-c-f-e-r~nccd to R~\S 75 t-----+----+------ ns 
---- :---------------------------------- -- .. -----~-----t_---___t-----_+-.-_t_--~ 

[.Jri te ComI;wnd to CAS LC.:ld T Ime tCHL ns 

tREF Refr~sh Period I 3 8 FIS 
----------·---·--------- .. -------------l--------·-·t-·----1----+----+----+----1 

12 t~·:C) lIrite Command S'2t-Up Ti[';1e 0 i 
r---- .. --. ---------. - ·---- .. ·---------------------I-----+----+----t----_+--_t_--~ 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 10 I 
ns 

ns 

tCllR CAS Hold Time (CAS before RAS Cycle) 30 ns 
-----· .. -·------------·--------+-----1------1-----1----+---+----1 

tRPC RAS to CAS Precharge Time 0 ns 
.--.----- .. ------.------------f---_t_---+----r--.---....... -- --

tCPT 50 
CAS Precharge Time 

(F.XS before RAS Counter Test Cycle) 
ns 

CAS Precharge Time 15 ns 

c.":PAC I T/\NCE (Vrc=5V±10%, f=HIHz, Ta=O '\, 70°C) 
J 

SYHBOL PARANETER HIN. HAX. UNIT 

Cl1 Input Capacitance (AO '\, A9, W, CAS, RAS) 60 pF 

CI2 Input Capacitance (D8, CAS8) 7 pF 

CDQ I/O Capacitance (DQO '\, DQ7) 15 pF 

CQ Output Capacitance (Q8) 10 pF 
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~OTES: 

1. Stresses greater than those listed under "Absolute t-!aximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VSS. 

J. [eCl, fCC3' 1CC4, 1CC6 depend on cycle rnte. 

4. [CC1, ICC4 depend on output loading. Specified values are obtained with the 
Otltput open. 

5. .\n initial pause of 200l!s is required after po~.,rer-up follah'ed by 8 hAs cycles 
b'2Core proper device operation is u.chiev~~d. tn case of using internal refresh 
counter, a l!linimum of 8 CAS before nAS initialization cycles instead of 8 RAS 
cycl~s are required. 

6. ,\C r.IC'lsut"C:r.lents assume tT=5ns. 

7. VW(min.) and VLL(nax.) are reference levels for me.::tsuring timing of input 
Signals. Also, transition times are measured bet~'Jeen VIH and VIL. 

8. ~k'_asured \lith a 10.:1d equivalent to 2 TTL loads and lOOpF. 

9. tOFF(max.) defines the time at h'hich tbe output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either trrcH or tnRH must be satisfied for a read cycle. 

11. These par.:1I:leters are referenced to CAS leading edge in early ,·,rrite cycles and 
to l-,'RLTE leading edge in read-Hrite cycles. 

l2. tucs is not restrictive operating parameters. This is included the data sheet 
.:1S electrical characteristics only. If t~~CS ~ tl/CS (min.), tbe cycle is an early 
write cycle and data out pin will remain open circuit (11igb impedance). 

13. Operation uithin the tRCO (r.lax.) limit insures that tRAC (r.1ax.) 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 tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAO(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled. by tAA. 

- A-196-
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READ CYCLE 

I: IH 
"HA:1 

~--------~...:..:..:...--------.-----t 

t.:u:r 
->---

'ILi 

t;:i.AL 
-----I 

L L_'AL __ 
_____ t:.u~ _______ +_~ 

1---------------------~ 
D'JUT t)FBN --------U 

~ : Don't C~re 
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EARLY HRITE CYCLE 

.,. I:'" 

IdUT8 v rH 

vrL 

'HCD ti{:,1! 
---.-------------+------~~~----~~ 

OPEN 

t2Z3 : Don't Care 
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FAST PAGE MODE READ CYCLE 

'NHITE vI!{ 

VIL 

VOH 
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tHP 

~ : D,)n't Cn.rl9 
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FAST PAGE HODE lJRITE CYCLE (EARLY tillITE) 

.\) -- '\9 

,'iRI'i'£': 

• DOUT 

'I [H 

'iLL 

'I III 

'j I fJ 

'/ [~1 

VIL 

t'NCR 

twp 

OPEU 

~ : Don't Ca.re 
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RXS ONLY REFRESH CYCLE 

Vu 
'/ [[, 

;' t. i 

",' l :, 

~:ote: HRITE=Don' t care, A9=Don' t care 
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Ci\S BEFORE RAS REFRESH CYCLE 

tHAt] 

u,8 "I If{ 

'[ [L 

t:';Hli. 

'![f[ 
\.J!\I) 

'/ [L 

~)rrT 
1!,jL 

)--------- OFf~N 

r~ote: HRITE=Don' t care, AO 'V A9=Don' t care 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

tp_-\s tRP tRAS 

VIH 
HAS 

VIL 

tRCD tRSH tCfill 

VIH 
C"i\8 

VIL 

tR.-\D< tRAL 

tCAH 

VIH 
AO-Ag 

VIL 

tCAC 

VALID DATA 

tCLZ 

~ : Don't Care 
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HIDD~~_~EFRESH CYCLE (HRITE) 

.. DciR 

'fiJi{ - ________________ _ 

~ : Don' 1"; C:Lro 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

t.1{/,\:.::.:....1 __ _ 

'; [rJ 

'f [it 

V 1 TJ 

, [ll 
\1:' - . ."'...~) / 

·'[L 

RE,\O CYCLE 

:'llt 
Ji.) ' .. , :.,\L [J DA,,\ 

• ~..I : J 

I ',;;-,\ LT :~ 
II [I! 

I 

~ [ iJ r 
h'RITE CYCLE 

r Q,y;'i' 
1.,/ ~) i! 

~ d!J 

':; ~, : t' ',Ii l-:: 1 

~. 'J [0 JA'i',\ 
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OUTLINE DRAWINGS 

• THH91000S Unit in mm 

r 
88.90±0.13 

6'" '!AX ? ~~. ~.. • I 

r- I 

i 'f~~DDDDDDD--~~~ 
_J[ l\JUooooo 0 DO 0000000 DO 0 0 DOD 0 0 oiJ6Ci 

(() 

rl 
d 

J ::.54, 

_'-rl 

82.14.±O.13 3.38 

• THN91000L 

I 82.1Ho.3 I 

i~· 00000 DOD 
2.54. II 0.51-:0.1 . 

73.661:0.3 

- A-206-

:q 

t 0.13 --! 1.2'/- 0.0 8 

5.08}'!AX • 

5.08MAX. 

I 

+0.15 
II 0.25-0.15 


