SILICON GATE CMOS DIGITAL INTEGRATED CIRCUIT

TC551881-20,-25,-35

2 -WAY 4,096 WORDS x 18 BITS/8,192 WORDS x 18 BITS
CMOS STATIC CACHE DATA RAM

DESCRIPTION

The TC55188T is a 147,456bits high-speed static RAM which can be user-configured either as 2-way
4,096 words by 18 bits or as 8,192 words by 18 bits. It is provided with a byte control, on-chip
address latches and chip-enable latch. The TC55188T is fabricated using Toshiba’s CMOS technology
and advanced circuit techniques which provide the high speed feature, and is operated from a single 5-
volt supply. This device features address access time as fast as 20ns, output-enable access as fast as
10ns and simple interfacing capability with bipolar TTL circuits. The TC55188T can directly interface
with the INTEL 82385 cache controller, without requiring additional peripheral circuit such as latches,
transceivers and gates. Therefore ; Significant reductions in the number of parts, board assembly area
and power dissipation can be achieved by using the TC55188T cache data RAM. The MODE input of
the TC55188T allows the user to configure the memory internally either as a 2-way 4,096 words by 18
bits organization which is suitable for 2-way set associative cache designs or as a 8,192 words by 18
bits organization suitable for direct map cache designs. The TC55188T can also be operated as a
conventional asynchronous static RAM, which can be accessed from change of address, by holding the
ALE input in the high state. The TC55188T is packaged in a 52-pin standard PLCC for high-density
board level assembly.

FEATURES

® Fast Access Time (max.)

TC55188T ® Configurable for 2-way or direct RAM arrays
ITEM 20 75 5 2-way 4,096words X 18bits (MODE =Vy)
- - -30 8,192words X 18bits (MODE =V71,)
tre__ Cycle Time 20ns 25ns 30ns ® Contains_address latches, CE latch and byte
taa  Address Access Time 20ns 25ns 30ns control , ﬁg—ﬁ and BS1
- @ Interfaces directly with the Intel 82385 Cache
|tor _OF Access Time 10ns 10ns 12ns Controller
® Power dissipation ® Single power supply of 5V+10%
Operating TC55188T —20 230mA (max.) e All inputs and outputs TTL compatible
TC55188T —25 220mA (max.) ® Two Output buffer controls : OEA, OE
TC55188T —30 200mA (max.) ® Two Write enable controls : WEA , WEB
Standby 40mA (max.) e TC55188T : QFJ—P—-S750
PIN NAMES PIN CONNECTION (TOP VIEW)
A2 A4 A6 ALE A8 A10
A0~A12 Address Inputs Al A3 A5 Vpp A7 A9 A1l
e W e B e W e W e B e W W N W Vo W . W .. .
DO0~D15, DPO, DP1 Data Input/Output 5 152 50
ALE Address/CE Latch Input oy E % A12
CE Chip Enable Input GND[] 10 45] SEID
BS0 Lower Byte Select Input DO ] 1 D15
BST Upper Byte Select input D1 [ 1 D14
OEA Output Enable Input (Way - A) gg E 0 D13
OFEB Output Enable Input (Way - B) GND [ 15 40 g g:ﬁ)
WEA Write Enable Input (Way - A) D4 [j 1 D11
WEB Write Enable input (Way - B) D5 [ 0 pio
MODE Mode Select Input gg E % D9
vDD Power (+5V) pro [ 20 35 i 321
GND Ground 25 30

R === g gy e e g e g = ey e gy e ey ey e iy~ papn
Vpp BSO WEA GND OEB MODE Vpp

Vpp WEB GND OEA BST Vpp
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TC55188T-20,-25,-35

BLOCK DIAGRAM

1-WAY 8,192 words X 18 bits (MODE : V]L)
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2-WAY 4,096 words X 18 bits (MODE : Vin)
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TC55188T-20,-25,-35

TRUTH TABLE 1

CONTROL INPUT FUNCTION
CONFIGURATION

MODE ALE CE CHIP A0~A11 Al12

H H H Disable *1 *1

H H L Enable Valid *1

. 4 1

H L H*2 Disable Latched Latched Kx 18 x 2

H L L*2 Enable Latched Latched

L H H Disable *1 *1

L H L Enable Valid Valid 8K 18

L L H*2 Disable Latched Latched x

L L L*2 Enable Latched Latched

*1 : Don’t Care *2 : Latched level as ALE from H to L

TRUTH TABLE 2 (MODE=V) --- 8K x 18)

INPUTS OPERATION
Wen | wes | OPA | oEs | B0 | ST cHIP oo | P
* * * * H H Deselect Open Open
H H H H * * Deselect Open Open
L H Output Open
H H L L H L Read Cycle Open Output
L L Output Output
L H Input Open
L L * * H L Write Cycle Open Input
L L Input Input
L H
H H H L H L Undefine (9) Undefine Undefine
L L
L H
H H L H H L Undefine (9) Undefine Undefine
L L
L H
H L * * H L Undefine 8 Undefine Undefine
L L
L H
L H * * H L Undefine (8) Undefine Undefine
L L
*:Horl
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TC55188T-20,-25,-35

TRUTH TABLE 3 (MODE=Vy --- 4Kx 18 x2)

INPUTS OPERATION
— R J— J— J— DO0~D7 D8~D15
WEA WEB [¢]3 OEB BSO BST way - A way - B DpO Dp1
* * * * H H Deselect Deselect Open Open
H H H H * * Deselect Deselect Open Open
way-B
L H
Output Open
H H H L H L Deselect | Read Cydl way - B
esele: ead Cycle Open Output
L L way -B way - B
Output Output
way - A
L H
Output Open
H H L H H L Read Cycle | Desele way = A
d Cy eselect Open Output
L L way - A way-A
Output Output
L H
H H L L H L Deselect Deselect Open Open
L L
L H way - B
Input Open
. ay ~B
H L * * H L Deselect Write Cycle Open :\p):)t
L L way - B way -B
Input Input
L H way - A
Input Open
. way - A
L H * * H L Write Cycle Deselect Open lnp}l’Jt
L L way ~- A way - A
Input Input
L H way — A/B
Input Open
L " * . . way - A/B
L H L Write Cycle Write Cycle Open Input
L L way — A/B way - A/B
Input input

*: Don’t Care
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MAXIMUM RATINGS

TC55188T-20,-25,-35

SYMBOL PARAMETER RATING UNIT
Vpp Power Supply Voltage -0.5~7.0 v
Vin Input Voltage -2.0~7.0 \Y
Vour Output Voltage -0.5~Vpp +0.5 \Y
Pp Power Dissipation 1.3 w
Tsolder Soldering Temperature - Time 260-10 °C-sec
Tstrg Storage Temperature - 65~150 °C
Topr Operating Temperature - 10~85 °C
DC RECOMMENDED OPERATION CONDITIONS (Ta=0~70°C) ("
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \
ViH Input High Voltage 2.2 - Vpp +0.5 \%
Vi Input Low Voltage -0.5* - 0.8 \
*: -3V pulse width less than 10ns.
DC CHARACTERISTICS (Ta=0~70°C, Vpp =5V *10%) ("
SYMBOL PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
e Input Leakage Current Vin=0~Vpp -1 - +1 pA
lon Output High Current Vou = 2.4V -4 - - mA
lot Output Low Current Vo = 0.4V 8 - - mA
Io Output Leakage Current Output Disable -1 - +1 pA
tre, twe = min. cycle -20 - - 230
. Add., WE, ALE = Clock (3V/0V)
| Operating Current -25 - - 220 A
DDO P g BE=3.0v m,
CE, BS =0V, MODE = 3.0V/0V -30 - - 200
CE, BS, WE, OE'= V), ALE=V
[ Standby Current poTr ’ - -
oS v Add., Data, MODE =V or Vi 40 mA
CAPACITANCE (Ta=25°C, freq.=1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=GND - - 5 pF
Cout Output Capacitance Vour=GND - - 7 pF
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TC55188T-20,-25,-35

AC CHARACTERISTICS (Ta =0~70°C, Vpp =5V * 10%) (V
READ CYCLE
-20 -25 -30
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

tre Read Cycle Time 20 - 25 - 30 - ns
taa Address Access Time - 20 - 25 - 30 ns
ta ALE Access Time - 20 - 25 - 30 ns
tea CE Access Time - 20 - 22 - 25 ns
tsA BS Access Time - 20 - 22 - 25 ns
toE OF Access Time - 10 - 10 - 12 ns
tasL Address Latch Set-Up Time 4 - 4 - 5 - ns
tAHL Address Latch Hold Time 5 - 5 - 5 - ns
te ALE Pulse Width 8 - 8 - 9 - ns
taom (c):ati:: Data Hold Time from Address 5 _ 5 _ 5 _ ns
teom ?auttcy;ut Data Hold Time from Address 5 _ 5 _ 5 _ ns
tuz ALE to Output in Low-2Z 5 - 5 - 5 - ns
terz CE to Output in Low-Z 5 - 5 - 5 - ns
tgLz BS to Output in Low-Z 5 - 5 - 5 - ns
tolz OF to Output in Low-Z 0 - 0 - 0 - ns
tiHz ALE to Output in High-2Z - 12 - 12 - 15 ns
teuz CE to Output in High-Z - 10 - 10 - 12 ns
tanz BS to Outputin High-Z - 10 - 10 - 12 ns
tonz OE to Output in High-Z - 8 - 8 - 10 ns
toor ‘OEA/OEB Inhibit Time 8 - 8 - 10 - ns
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TC55188T-20,-25,-35

WRITE CYCLE

-20 -25 -30
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twe Write Cycle Time 20 - 25 - 30 - ns
twp WE Pulse Width 12 - 15 - 18 - ns
taw BS to End of Write 12 - 15 - 18 - ns
tew CE to End of Write 12 - 15 - 18 - ns
taw Write Address to End of Write 12 - 15 - 18 - ns
tas Write Address Set-Up Time 0 - 0 - 0 - ns
twr Write Recovery Time 0 - 0 - 0 - ns
tps Data Set-Up Time 8 - 10 - 10 - ns
ton Data Hold Time 0 - 0 - 0 - ns
twiz WE to Output in Low-Z 5 - 5 - 5 - ns
twHz WE to Output in High-Z - 7 - 8 - 10 ns
toeH OE Command Hold Time 5 - 5 - 5 - ns
tweH WE Command Hold Time = 5 - 5 - 5 ns
twi Write Command Inhibit Time 10 - 10 - 10 - ns
AC TEST CONDITIONS Fig. 1 OUTPUT LOAD

Input Pulse Levels: 3.0v/0.0V Voo

Input Pulse Rise and Fall Time 3ns DO~15 10000

Input Timing Measurement Reference Level 1.5V DPO, DP1

’ ?el_‘,lt::ut Timing Measurement Reference 1.5V CL= 100pF 6670
Output Load Fig. 1
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TC55188T-20,-25,-35

TIMING WAVEFORMS

READ CYCLE TIMING 1 (ALE = Clock)

1] tast

L tas

taHL

MODE =V 4K x 182
MODE =V, - 8Kx 18

(A12=Don’t Care)
(A12 =Valid Input).

Valid Address

taHL

77

D2

te

_x b i NI
trRe
) N
OV R 1/
X )
toe t
tsa tin
taa tonz o
@ Valid Output
ta
toz 0
tgz
toz o
tuz @

NOTE : WEA, WEB =V}
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TC551881-20,-25,-35

READ CYCLE TIMING 2 (ALE=Vn)

MODE=V)y = 4Kx 18x2 (A12 =Don’t Care)
MODE =V --8Kx18 (A12 =Valid Input)
tre
AO~AT1 ‘ >< Valid Address ><
(A12)
— Y\ [_
< ANNNNN R 1V /7
4
ALE /]
AN AN LAV
OEA, OEB \ N 4
N /
tog’ tenz @
tea tgnz @
tan tonz @
DO~D15
Dp0~1 % Valid Output
(Output) tea
torz @
gz @
taz @
tz @

NOTE : WEA, WEB =Vy % " Don't Care
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TC55188T-20,-25,-35

READ CYCLE TIMING 3 (too; TIMING . MODE = ViH)

I tasL | taHL

so-nrs D0K vaansares X )

)
x
-~

Y a /N
e U\ [TT77777
o v A
Do(f?‘.: 5 | > I Zary
(o%ﬁg:t; o1z | %///%?
NOTE : WEA, WEB =V %mDo tC
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TC55188T-20,-25,-35

WRITE CYCLE TIMING 1 (WE Control) (6)

MODE=Vjy - 4Kx 18x%x2 (A12=Don't Care)
MODE=V,_ ' 8Kx18 (A12 =Valid Input)

1 tase | tan

sk e X

w T ) SN
o TEN Y777777777
e

(Input)
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TC55188T-20,-25,-35

WRITE CYCLE TIMING 2 (BS Control) (6)

MODE=V|y - 4Kx 18x2 (A12=Don't Care)
MODE:V"_ - 8Kx 18 (A12 = Valid Input)

L taHL

Valid Address

N\

77222
AnL |

taw
ALE _._/ te !\ //_—\_—_
twc —
850, 557 ws RN K
\ = twhz (7) o
weawes N\ \ NN\ \ K L I,
ta
DO0-D15
(oﬁg?n; Tz @]
1, 1,
DO-D15 ‘
Dp0-1 Valid Input
(Input)
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WRITE CYCLE TIMING 3 (CE Control) (6)

twce

TC55188T-20,-25,-35

MODE=V)y - 4Kx18x2  (A12=Don’t Care)
MODE=V)_ - 8Kx18 (A12=Valid Input)

A0-A11 k

Valid Address

tas

tew

twr * tas

taw

4

N
twi \__.

1L/

twp

77 N NN\ NN Y

L7

1/

DO-D15

twHz @ |

Dp0-1
(Output)

taz @

D0-D15

tos tou

Dp0-1
(input)
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TC55188T-20,-25,-35

WRITE CYCLE TIMING 4 (togy and twgn) 6

1 tast taHL |

s Dok s X )

tast tanL |
we /Y /N

ms NN\ \ (L[S
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TC55188T-20,-25,-35

NOTE : 1.The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear

feet per minute.

2.Assuming that CE Low transition occurs coincident with or after WE Low transition,
Outputs remain in a high impedance state.

3.Assuming that BSO or BSI Low transition occur coincident with or after WE transition,
Lower Byte Outputs (D0O~D7, Dp0) or Upper Byte Outputs (D8~D15, Dpl) remain in a high
impedance state.

4.Assuming that CE High transition occurs coincident with or prior to WE High transition,
Outputs remain in a high impedance state.

5.Assuming that BSO or BSI High transition occurs coincident with or prior to WE
transition, Lower Byte Outputs (D0~D7, Dp0) or Upper Byte Outputs (D8~D15, Dpl)
remain in a high impedance state.

6.Assuming that OE is High for Write Cycle, Outputs are in a high impedance state during
this period.

7.These parameters are specified as follows and measured by using load shown in Fig. 1.

(A)tLLz, tcLz, tBLZ, tOLZ, twLz - Output Enable Time

(B)tLHz, tcHz, tBHZ, tOHZ, twHz - Output Disable Time

ss 1
__ _j > \\
ALE //_\ « / [—\

% 101V

CE, BS,OF

A~

g
mj
N
=

Dout Hi-Z

0.1v
0.1v

SS [ 0.1V

* The relation between signals depends on the preceding Timing Charts.

8.The Write Data and Write Address are indeterminate when the input level of WEA and
WEB is diferent on Direct Mapping Mode (MODE =Vyj,).

9.The Read Data are indeterminate when the input level of OEA and OEB is diferent on
Direct Mapping Mode (MODE =V7y,).
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TOSHIBA DATA BOOK

MOS MEMC
(VRAM, SRAM)
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INTRODUCTION

We continually venture at the leading edge of technology so that
we may develop and offer to you a diverse array of semicon-
ductor memory products which may be used in many commercial
and industrial applications. At this time, we offer three data books;
“MOS-Memory Dynamic RAM and Module”, “MOS-Memory
Video RAM and Static RAM” and “MOS-Memory ROM”.
Particularly, this data book is “MOS-Memory Video RAM and
Static RAM” edition.

These data books represent our current culminations of electrical
characteristics, timing waveforms and package data for our line
of semiconductor memory products.

We hope this information will be very useful for you.

Nov. 1991

TOSHIBA CORPORATION
Semiconductor Group
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