524,288 WORDS x36 BIT DYNAMIC RAM MODULE
DESCRIPTION

The THM365120BS/BSG/AS/ASG is a 524,288 words by 36 bits dynamiec RAM module which
assembled 16 pcs of TC514256AJ/BJ and 8 pes of TC51256T on the printed circuit board. These
modules can be as well used as 1,048,576 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
These modules are 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
¢ 524,288 words by 36 bits organization ¢ Low Power
¢ Fast access time and cycle time 6,072mW MAX, Operating (THMxxxxxx — 60)
%0 0 0] 10 5,412mW MAX. Operating (THMxxxxxx —70)
— - _ 4,752mW MAX. Operating (THMxxxxxx —80)
taac RAS Access Time 60ns | 70ns | BOns | 100ns 4,092mW MAX. Operating (THMxxxxxx —10)
aa CoTomn Address [ T | aons | sons | 132mW MAX. Standby
i - ¢ Single power supply of 5V1+10%
tcac CAS Access Time 20ns 20ns 20ns | 25ns | @ Al inputs and outputs TTL compatible
tac  Cycle Time 115ns | 130ns | 150ns [180ns | ® 512 refresh cycles/dms(Burst Refresh)
. Py
thc E‘;sctlepiig;eMode a0ns | 40ns | 45ns | 55ms ® 512 refresh cycles/8ms(Distributed Refresh)
¢ CAS before RAS refresh, RAS only refresh, Hidden refresh and Fast Page Mode capability
¢ Package THM365120BS  -60 : Tin- Lead Contact
THM3G65120AS  -70,80,10 : Tin-Lead Contact
THM365120BSG - 60 : Gold Contact
THM365120A8G -70,80,10 : Gold Contact
PIN CONNECTION (TOP VIEW) PIN NAMES

AQ~AB Address Inputs
DQO~DQ35 | Data Input/Outputs
CAS0~CAS3 | Column Address Strobe
RAS0~RAS3 | Row Address Strobe

W Read/Write Input

Vee Power ( + 5V)

Vss Ground

PD Presence Detect Pin
1] Vss 13| A1 25| Q24 37| oQ17 49| 0QYy 61| DQ14
2| DQO 14| A2 26| DQ7 38| DQ3S 50| DQ27 62| DQ33
3] DQ18 15] A3 27| DQ25 39| Vss 51| DQ10 63| DQI5
4| Q1 16] A4 28| A7 40 | TASO 52| DQ28 64| DQ34
5| DQ19 17] AS 29| NC 41 | TASZ 53| DQIt 65| DQ16
61 DQ2 18| A6 30| Vee 42| TAS3 541 0Q29 66| NC -60| -70| -80| ~10
7| 0Q20 19| NC 31| AB 43 | TAST 55| DQ12 67 | PDO PDO| NC NC NC NC
8| DQ3 20| DQ4 32| NC 44 | RAZD 56| DQ30 68| PD1 PDT] Voo | Ve | Ve | Vsg
9| DQ21 21| DQ22 33| RAS3 45 | RAST 57] 0Q13 69 | PD2 PD2] NC | Vge | NC | ¥
10| vee 22| DQS 34 | RAS2 46 | NC 58 | DQ31 70| PD3 PD3]) NC | NC | Vs | Vs
1] NC 23| bQ23 35| DQ26 a7 | W 59 | Ve 71| NC
12| A0 24| DQ6 36| DQ8 48| NC 60 | DQ32 72| Vs
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTE
Input Voltage ViN ~1.0~7.0 v 1
Qutput Voltage Vour ~1.0~7.0 v 1
Power Supply Voltage Vee -1.0~7.0 v t
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tst6 ~55~125 °C 1
Soldering Temperature - Time TsoLoer 26010 °C-sec 1
Power Dissipation Pp 14.4 w 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C)

SYM8OL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Supply Voitage 4.5 5.0 55 Vv 2
Vin Input High Voltage 2.4 - 6.5 \' 2
\ Input Low Voltage -1.0 - 0.8 v 2
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DC ELECTRICAL CHARACTERISTICS (Ve =5V # 10%, Ta=0~70°C)

SYMBOL PARAMETER MiIN. MAX. UNIT NOTE
THMxx0-60 - 1104
OPERATING CURRENT . THMomoe-70 ~ 984 3,4
icer Average Power Supply Operating Current 864 mA
(RES, TAS, Address Cycling: tac=tac MIN. ) THMIooo 80 - 5
THMx0om-10 - 744
STANDBY CURRENT
leca Power Supply Standby Current - 48 mA
(RAT=TAS=V)y)
THNbooooi-60 - 1104
RAS ONLY REFRESH CURRENT
THMX0-70 - 984
leea Average Power Supply Current, RAS Only Mode o, mA 35
(RAS Cycling, TAS = Viu: tac = tac MIN. ) THMhooxex 80 =
THMxxxxxx-10 - 744
THMxxxxxx-60 - 744
FAST PAGE MODE CURRENT 34
THMxx- 70 - 744 y
lcca Average Power Supply Current, Fast Page Mode " mA
(RA3 = v, TAS, Address Cycling: toc=toc MIN. ) THMxoooex 80 = 624 5
THMxxxxxx-10 - 504
STANDBY CURRENT
lecs Power Supply Standby Current - 24 mA
(RAS=CA% = Vee~0.2V)
THMxxxxxx-60 - 1104
TAS BEFORE RAS REFRESH CURRENT
THMxxxxxx-70 - 984
lecs Average Power Supply Current, TAS Before KAS mA 3,5
Mode (RAS, TAS Cycling: tac=tac MIN. ) THMiocoxx-80 sl 864
THMxxxxxx-10 - 744
INPUT LEAKAGE CURRENT
[T Input Leakage Current, any input -240 240 pA
{OVS iy 6.5V, All Other Pins Not Under Test=0V)
QUTPUT LEAKAGE CURRENT
low o -20 20 Py
{Dour is disabled, OVS Vours5.5v)
QUTPUT LEVEL
Vou e 2.4 - v
Output “H" Leve! Voltage (loyr = - SmA)
QUTPUT LEVEL
VoL o - 0.4 v
Qutput “L" Level Voltage (Igyt =4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec =5V £ 10%, Ta=0~70°C) (Notes 6, 7, 8)

THMxxxxxx-60 | THMxxxxxx-70 | THMxxxxxx-80 | THMxxxxxx-10
SYMBOL PARAMETER UNIT | NOTE
MIN. | MAX. |MIN.| MAX. |MIN.| MAX. | MIN.| MAX.
tac Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns
toc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns
taac Access Time from RAS - 60| - 701 - go| - 100] ns | 9,14
teac Access Time from CAS - 20| - 20| - 20| -~ 25| ns | 9,14
taa Access Time from Column Address - 30 - 35| - 40| - S0l ns | 8,15
tepa Access Time from TAS Precharge - 35| - 40| - 45| - 55| ns |9
taz TAS to output in Low-2Z o - of - 0 - 0 - ns |9
tore Output Buffer Turn-off Delay 0 20 0 201 © 2] 0 201 ns ] 10
tr Transition Time (Rise and Fall) 3 50 3 50| 3 5¢] 3 S0l ns |8
trp RAS Precharge Time 4| - 50| - 60 - 70 - ns
tras RAS Pulse Width 60| 10,000] 70| 10,000| 80 10,000 100 | 10,000| ns
trase RAS Pulse Width (Fast Page Mode) 60] 100,000] 70] 100,000] 80 | 100,000) 100 ] 100,000 ns
tasH RAT Hold Time 20] - 200 - 20 - 25 - ns
tance Efch:?'g(i (TFIZ;S :ar;r: nﬁﬁZe) 35| - 4f - 43 - 55 i
tesm TAT Hald Time 60f - 70 - 80 - 100 - ns
teas TAS Pulse Width 20| 10,0001 20} 10,000| 20 10,000] 25 | 10,000| ns
thep RAS to TAS Delay Time 20 a0| 20 50| 20 60] 25 75| ns | 14
thap | S to Column Address Delay 15 30| 15 35| 15 a0| 20 50| ns |15
Time
tepp TAS to RAS Precharge Time 5 - 5 - [ - [ - ns
tep TAS Precharge Time 10 - 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - 0 - ns
tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - 0 - 0 - ns
tean Column Address Hold Time i5 - 15 - 15 - 20 - ns
tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns
tres Read Command Set-Up Time 0 - [} - 4] - 0 - ns
tren Read Command Hold Time 0 - ] - 0 - 0 - ns n
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
THMxxxxxx-60 | THMxxxxxx-70 [ THMxxxxxx-80 | THMxxxxxx-10
SYMBOL PARAMETER UNIT| NOTE
MIN. | MAX. | MIN.| MAX. |MIN.| MAX. |MIN.| MAX.
o fniemmeegaeron [ [ - Je[ - o] - [
twer Write Command Hold Time 10 - 15 - 15 - 20 - ns
y .
twea :'Zf;:ri‘::"::'gdd Time as| - ss| - leo| - |75 - |ms
twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns
trwi Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - 0 - 0 - ns |12
toH Data Hold Time 15 - 15 - 15 - 20 - ns |12
tOHR Data Hold Time referenced to RAS 50 - 55 - 60 - 75 - ns
trer Refresh Period - 8| - 8| - B| - ms
twis Write Command Set-Up Time 0 - [+] - 0 - 0 - ns | 13
tesm TAS Set-Up Time s| - s| - s _ s _ ns
(TAS vefore RAS Cycle)
tenr TAS Hold Time 15 - 15 - 15 - 20 - ns
(CAS before RAS Cycle)
trpC RAS to TAS Precharge Time 5 - 5 - 5 - 5 - ns
tepr TAS Precharge Time (CAS before 30 . 2 _ 2 _ 50 _ ns
RAS Counter Test Cycle)
CAPACITANCE (Vcc =5V £ 10%, f= 1MHz, Ta=0~70°C)
SYMBOL PARAMETER MIN. MAX, UNIT
an Input Capacitance (A0~AS8) - 161 pF
[«(F} Input Capacitance (W) - 168 pF
a3 Input Capacitance (RASO~RAS3) - 42 pF
Cl4 input Capacitance (CAS0~CAS3) - 42 pF
coQ1 /0 Capacitance (DQ0~7,9~16, 18~25, 27~34) - 29 pf
cbQ2 /0 Capacitance {DQ8, 17, 26, 35) - 39 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 Vgs.

Icc1, Icea Iccd, Iccs depend on cycle rate.

Icc1, Tocs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less while RAS=Vy, and CAS=Vi.

AR

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

7. AC measurements assume tp=>5ns.

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

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

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

11. Either tgcH or tRrH 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-Modify-Write cycles.

13. twcs is not restrictive operating parameters, They are included in the data sheet as electrical
characteristics only. If twcs2 twes (min.), the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) through the entire cycle.

14. Operation within the tpcp (max.) limit insures that trac (max.) can be met.
trcp (max.) is specified as a reference point only: If tpop is greater than the specified trep (max.)
limit, then access time is controlled by tcac.

15. Operation within the tRap (max.) limit insures that tpac (max.)can be met.
trRAD (max.) is specified as a reference point only: If tRap is greater than the specified tpap (max.)
limit, then access time is controlled by taa.
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TIMING WAVEFQRMS

READ CYCLE
re
tap
Viw —— tras y d
Vi, — x~ - tc
CSH RP
tepe tRep trsu -~
Vi — teas o
ViL = \"' /
tag
tEAp t
tasg tRaK | Lasc toan

- B = WO o
o T e EE

<KLZ..| top:
Vou— b 3 )
Dour OPEN VALID DATA - OUT i_>_—

: “H* or “L*
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WRITE CYCLE (EARLY WRITE)
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s N
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twer I

: "H* or “L"
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FAST PAGE MODE READ CYCLE

trp
ViH =" thase y
oy N / \
L — I
tesu tec trsh
tere treo tcas \ tcp tRHEP
Vi =""F d teas teas
s NCA N N
ViL ~—, N C = 1-/
tar | trsH
task taan)  tasc tcan tasc, tcan tasc tean
Vin ¥ - ¥ -
AO~AB v ROW coL coL coL
i N by 8 ~ K
tRaD | tRRH
tres rcn < Jtaes) treH |, || tacs treH
}
Vin
Vi, tcac teac teac
taa taa | taa
trac tepa B
Vou—— e N
Dour v ] * »
oL— p
toz | torr teuz | tore toiz I torF
1 | 1 ! | ] |

* VALID DATA OUT

: “"H" or "L*
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tre
TN Vig = "\ trasp /- \-
V"_ — K
toc tasH
cre taco teas tce tee
= Vin — \ /_. \\ teas /—‘ \\ tcas /_
ViL ——-_/ h L L 8 W 4
tar | traL
task, tran  tasc ) tcan tasc tean tasc tean
V".q L d - L
AO~AB ROW coL oL coL
Vi, = * \ X X
RAD
twen twes tweH twes tweH
twes twen twe twp
Vin et
WRITE twe
ViL
tos tou tos town tos He o
~ L]
N
V||_ K —d]
| 1OHR
|

* VALID DATA IN

: "H" or "L”
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RAS ONLY REFRESH CYCLE

trp
Vi — RAS Jr
s Vi —— \ / \__
trpc
Vi —
ViL —, y
tasy] trAH

s =8,

OPEN

% : "H® or “L"
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CAS BEFORE RAS REFRESH CYCLE

tras

w v e, N .
w v N

ViL —

torr
VoH =)
o )N OPEN

Dour Voo — 2
: “H" or "L*

Note: AO~A8WRITE="H”" or "L"
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HIDDEN REFRESH CYCLE (READ)

T S e I v 4
@ v _/" t‘ N m t—J/
mx:r:Wl‘L+ | -

¢ “H” or *L*
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HIDDEN REFRESH CYCLE (WRITE)

w %D B T u—
o W __;' \ ‘_k_j/
-

Ow z:t‘ - W VALID DATA- IN ///////////////////////////////////

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

tras trp
Vig — tRSH A k
Vie —
tesk topr
R —

tasc | [tean

s . >

teac

g

g

55
[
o

READ CYCLE

laz

[m T

WRITE CYCLE twes twen

rm- b

tps tou

Ow zm

L — OPEN { vauo pata -IN

V74 : "R" or "L*
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OUTLINE DRAWINGS
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