HM67B3632 Series

32k x 36 bit Synchronous Fast Static RAM with Burst Counter and Self-Timed Write

HITACHI

Product Preview
Rev. 8
Nov. 13, 1995

Descriptions

The Hitachi HM67B3632 is a 1,179,648 bits
density high performance synchronous static
random access memory organized as 32k X 36 bit.
This SRAM is designed to support high
performance secondary cache for the 1486 and
Pentium™ based systems

This SRAM integrates input registers and a 2-bit
counter to support Pentium™ burst sequence. All
synchronous inputs including all addresses, all data
inputs, three chip enables ( CE, CE2, CE2 ), burst
control inputs ( ADSP, ADSC, ADV ) and four byte
write enables ( BW1, BW2, BW3, BW4 ) are
registered and controlled by rising edge of external
clock input ( CLK ).

Address Status Processor ( ADSP ) or Address
Status Controller ( ADSC ) can initiate the burst
operation. Burst Address Advance ( ADV ) controls
continued burst addresses generated internally.
Asynchronous Output Enable ( OF ) enables all data
outputs, which are also asynchronous.

Address, input data and write control are registered
to support self-timed write function. Four byte write
enables allow individual byte write.

The HM67B3632 operates from +3.3V power
supply, and all inputs and outputs are LV-TTL
compatible.

1486 and Pentium are trademarks of intel Corp.

Features

* Single 3.3V power supply ( LV-TTL )
¢ Fast access times : 9/10/11/12ns(max)
* Individual byte write control
* Internal input registers
( Address, Data, Control )
+ Internal self-timed write cycle
* ADSP, ADSC, and ADV burst control pins
( 1486/Pentium™ burst sequence )
¢ Asynchronous output enable controlled three-
state outputs
» Common data inputs and data outputs
* High board density 100-lead QFP package
and 100-lead LQFP package
* 5V -tolerant I/O

All power supply and ground pins must be connected for proper operation of the device.

This document contains information on a new product.

Specifications and information contained herein are subject to change without notice.
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HM67B3632

Ordering Information

Type Number Access Time CPU Clock Rate Package
HM87B3632FP-9 9ns 66MHz LQFP 100pin
HM67B3632FP-10 10ns 60MHz (FP-100H)
HM67B3632FP-11 11ins 60MHz
HMB7B3632FP-12 12ns 50MHz
Pin Arrangement
O a
NI T NQ VX wy @ 0>
ecx88EEEa0SS328822Rs3z
8885883888888 83838%x
pQia - 80 [TJD0Q17
DQ1sg O 79 FTJ DQ16
DQ20 78 17 bQis
vce 77 E vee
VsS 76 [T vSS
DG21 75 13 bQ14
DQ22 74 DQ13
DQ23 73 DQ12
DQ24 72 £ pan
vss 71 E vss
VGG 70 I3 vCC
DQ25 69 [T DQ10
DQ26 68 11 DQ9
NC 67 FT1vss
vee 66 T3 NC
NC 65 F vee
vVSS 64 FTINC
DQ27 63 [T DQs
DQz8 62 [T1DbQ7
vce 81 [T vee
vss 60 [T vsS
DQ29 59 [T] DC8
DQ30 58 [ 1] DQ5
DQ31 57 [ T] DQ4
DQ32 56 {11 DQ3
vSS 55 [T vSS
vce 54 FTJ vee
DQ33 53 [T DQ2
0834 52 177 DQ1
DQ3s 51 DQO
58832 8EIBeIILIVLLYTR -
02TIXTRLLPRLILEIILILY
(Top view)
2

B 449,203 0026769 40T HE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




HM67B3632

Block Diagram
| Address 15
15 i
AO-A14 | Registers
ADV \
ok — 9 ) ~ Binary 4°
} CounterQ ]
ADSC —gl——D CLR
ADSP —jj 9
> Byte 4 —7> Byte4 | ¢
Wri — Write |- o
rite ) = Driver
BWa "‘D—~d Register 4
9 ——
s e
Write N - .
BW3 '”D——c Register ) ™ Driver 32kx9x 4
@ 9 Memory
> Byte 2 Byt? 2 ? Array
Write T N W.nte -
BW2 "Dw Register ., | Driver
9
> Byte 1 ] %‘91 9
Write — _| Write -
o i Driver
BWA wa Register ),
436
1 Chie Sense
CE ——— | Enable
CE2 @ Register Amps
— T
CE2 36 j 36
— Output
OE @ Buffers
Input
—= Data (—
__ Registers 36
36
DQO-DQ35
Note : The functional block diagram illustrates simplified device operation. See truth table,
pin descriptions and timing diagrams for detailed information.
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HM67B3632

Pin Descriptions

LQFP pin number(s) Symbol Type Description
37,36,35,34,33,32,100 A0 - A14 Input Synchronous Address Inputs: These inputs are
99,82,81,44,45,46,47,48 registered and must meet setup and hold times
around the rising edge of CLK.
93,94,95,96 BW1,BW2  Input Synchronous Byte Write Enables: These active
BW3,Bw4 LOW inputs allow individual bytes to be written

and must meet the setup and hold times around
the rising edge of CLK. A byte write enable is
LOW for a write cycle and HIGH for a read
cycle. BW1 controls DQO-DQ8. BW2 controls
DQY-DQ17. BW3 controls DQ18-DQ26. BW4
controls DQ27-DQ35. Data /O are tristated if

any of these four inputs are LOW.

89 CLK Input Clock: This signal latches the address, data,
chip enables, and burst control inputs on its
rising edge. All synchronous inputs must meet
setup and hold times around the clock's rising
edge.

98 CE Input Synchronous Chip Enables: This active low
input is used to enable the device and
conditions internal use of ADSP. This input is
sampled only when a new external address is
loaded.

92 CE2 Input Synchronous Chip Enable: This active low
input is used to enable the device. This input is
sampled only when a new external address is
foaded. This input can be used for memory
depth expansion.

97 CE2 Input Synchronous Chip Enable: This active high
input is used to enable the device. This input
is sampled when a new external address is
loaded. This input can be used for memory
depth expansion.

86 OE Input Output Enable: This active low asynchronous
input enables the data I/O output drivers.

83 ADV Input Synchronous Address Advance: This active low
input is used to advance the internal burst
counter, controlling burst access after the
external address is loaded. A high on this pin
effectively causes wait status to be generated
{ no address advance ). This pin must be high
at the rising edge of the first clock after an
ADSP cycle is initiated if a write cycle is desired
(to ensure use of correct address ).
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Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM67B3632

Pin Descriptions ( continued )

LQFP pin number(s) Symbol Type Description

84 ADSP Input Synchronous Address Status Processor: This
active low input interrupts any ongoing burst,
causing a new external address to be latched.
A read performed using the new address,
independent of the byte write enables and
ADSC but dependent upon CE2 and CE2.
ADSP is ignored if CE is high. Power down
state is entered if CE2 is low or CE2 is high.

85 ADSC Input Synchronous Address Status Controlier: This
active low input interrupts any ongoing burst
and causes a new external address to be
latched. A read or write is performed using a
new address if all chip enables are active.
Power down state is entered if one or more chip
enables are inactive.

14,16,31,38,39,42 NC — No Connect: These pins are internally not
43,49,50,64,66,87,88 connected.

51,562,53,56,57,58,59, DQO-DQ35 Input/ Data input / Output: Byte1 is DQ0-DQ8; Byte 2
62,63,68,69,72,73,74, Qutput is DQ9-DQ17; Byte 3 is DQ18-DQ26; Byte 4 is
75,78,79,80,1,2,3,6,7,8, DQ27-DQ35. Input data must meet setup and
9,12,1318,19,22,23,24, hold times around the rising edge of CLK.
25,28,29,30

4,11,15,20,27,41,54, VCC Supply Power Supply: +3.3V+5%.

61,65,70,77,91

5,10,17,21,26,40 VSSs Supply Ground: GND
55,60,67,71,76,80

Burst Sequence Table

External Address A14-A2 Al A0
1st Burst Address A14-A2 A1 A0
2nd Burst Address A14-A2 A1 AO
3rd Burst Address A14-A2 A1l A0

Note: The burst wraps around to its initial state upon completion.
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HM67B3632

Truth Table

Operation Address  CE CE2 CE2 ADSP ADSC ADV BWi OE CLK DQ

Deselect Cycle, Power down None H X X X L X X X L-H High-Z
X

Deselect Cycle, Power down None L L L X X X X L-H High-Z
Deselect Cycle, Power down None L H X L X X X X L-H High-Z
Deselect Cycle, Power down None L X L H L X X X L-H High-Z
Deselect Cycle, Power down None L H X H L X X X L-H High-Z
Read Cycle, Begin Burst External L L H L X X X L L-H Q
Read Cycle, Begin Burst External L L H L X X X H L-H HighZ
Write Cycle, Begin Burst External L L H H L X L X LH D
Read Cycle, Begin Burst External L L H H L X H L L-H Q
Read Cycle, Begin Burst External L L H H L X H H LH HighZ
Read Cycle, Continue Burst  Next X X X H H L H L L-H Q
Read Cycle, Continue Burst  Next X X X H H L H H L-H High-Z
Read Cycle, Continue Burst  Next H X X X H L H L L-H Q
Read Cycle, Continue Burst  Next H X X X H L H H L-H High-Z
Write Cycle, Continue Burst  Next X X X H H L L X L-H D
Write Cycle, Continue Burst  Next H X X X H L L X L-H D
Read Cycle, Suspend Burst  Current X X X H H H H L L-H Q
Read Cycle, Suspend Burst  Current X X X H H H H H LH HighZ
Read Cycle, Suspend Burst  Current H X X X H H H L L-H Q
Read Cycle, Suspend Burst  Current H X X X H H H H L-H High2Z
Write Cycle, Suspend Burst  Current X X X H H H L X L-H D
Write Cycle, Suspend Burst  Current H X X X H H L X L-H D
6
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HM67B3632

Notes: 1.

[ ]

H means logic High. L means logic Low. X means don't care for synchronous inputs, and H or L

for asynchronous inputs. BWi=L means any one or more byte write enable signals ( BW1, BW2,
BWS3, or BW4 ) are Low. BWi=H means all byte write enables signals are High.

. BW1 enables writes to Byte1 (DQO-DQ8). BW2 enables writes to Byte2 (DQ9-DQ17). BW3

enables writes to Byte3 (DQ18-DQ26). BW4 enables writes to Byted4 (DQ27-DQ35).

. All inputs except for OE must meet setup and hold times around the rising edge (L-H) of CLK.
. Wait status are inserted by suspending burst.
. For a write operation following a read operation, OE must be H before the input data required

setup time and held H throughout the input data hold time.

. ADSP=L always initiates an internal Read at the L-H edge of CLK. A Write is performed by

setting one or more byte write enable signals Low for the subsequent L-H edge of CLK. Refer to
write timing diagram for clarification.

Asynchronous Truth Table
Operation OE /O Status
Read L Data out
Read H High-Z
Write X High-Z-Data in
Deselected X High-Z

Notes: 1. X means High or Low

2. For a write operation following a read operation. OE must be high before the input data

required setup time and held high throught the input data hold time.
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HM67B3632

Absolute Maximum Ratings

Items Symbol Rating unit
Supply voltage Vee -0.5t0 +4.6 \"
Voltage on any pins relative to Vgg \'as -0.5Vto +6.0 \
Power dissipation Pr 1.4 w
Operating temperature range Topr Oto +70 °C
Storage temperature range (with bias) Tstg(bias) -10to +85 °C
Storage temperature range Tstg -55t0 +125 °C
Recommended DC Operating Conditions ( Ta=0 to +70°C )

items Symbol min. max. unit
Supply voltage(Operating voltage range) Vece 3.135 3.465 A
Supply voitage to Vgg Vgg 0.0 0.0 \
Input high voltage ViH 2.2 55 \
input low voltage VIL -0.5Y 0.8 v
Note: -2.0V for undershoot pulse widthstipyHmin/ 2.

Capacitance (f=1.0MHz, Ta=25°C)

Items Symbol min. max. unit
Input capacitance Cin — 5 pF
Input/Output capacitance Cio — 8 pF

Note: This parameter is sampled and not 100% tested.

8
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_ HM67B3632

DC and Operating Characteristics
(Vee=3.3Vx 5%, Ta=0 to 70°C , unless otherwise noted)

item Symbol test conditions min  typ max unit
Input leakage current  ILI ViN=Vss to Vee - - +201) pA
Output leakage current ILO OE=V|y - - +10.02) pA
Supply current lec lout=0maA, all inputs=V| or V)i_ - - 250 mA

cycle time 2 txygHmin

Stanby current Igp(IDOL) Device selected, - - 80 mA
ADSC, ADSP, ADV 2 V|4
other inputs=V 4 or V| _
cycle time 2 tkygpmin

IggDC(CMOS) CE=V,y, Vcc=MAX - 7 10 mA
all inputs £ Vss+0.2 or = Vce-0.2
all inputs static, CLK frequency=0

IggDC(TTL)  CE=V|y, Vcc=max - 16 30 mA
all inputs £ VIL or 2 Vjy min
all inputs static, CLK frequency=0

ISB(AC) 6E=V|H, KD%R ADS(:, ADV < VIL - 120 190 mA
other input £ V| or =z V|, Vecc=max
CLK frequency < 66.6MHz

ISB(AC) CE=V|y, ADSP, ADSC, ADV< V) - 50 80 mA
other input < Vy_or 2 Vi, Vee=max
CLK frequency £ 30MHz

Isg(CK RUN) Device deselected - 60 100 mA
ADSC, ADSP, ADV 2 V|
other input £ V)_or 2 V|, Vec=max
CLK frequency < 66.6MHz

Igg(CK RUN) Device deselected - 30 S0 mA
ADSC, ADSP, ADV 2 V|4
other input £ V| _or 2 V|, Vec=max

CLK frequency < 30MHz
Output low voltage VoL lo =8mA - - 0.4 A%
Output high voltage VoH loH=-4mA 24 - - \'
Notes : 1. £100uA for Vin < 5.5V
2. +100pA for Vout < 5.5V
9
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HM67B3632

AC Characteristics ( Vcc=3.3Vx 5%, Ta=0 to 70°C, unless otherwise noted)

Symbol -9 -10 =11 -12

items Standard Alternate min max. min. max. min. max. min max unit Notes
Cycle time tKHKH tcye 1% — 156 — 15 — 20 —  ns
Clock access time tkpv tack — ¢ — 10 — 11 — 12 ns 1
Output enable to output valid  tgLav o -5 — 86 — 5 — 6 ns 5
Clock high to output active txHax1 toLz 4 — 4 — 4 — 4 ~— ns
Clock high to output change tkHQx2 tcoH 3 — 3 — 3 — 3 — ns
Output enable to output active tg ax  toLz ¢ — 6 — 0 — 0 — ns
Output disable to output high-Z tgygz oz 1 6 1 6 1 6 1 6 ns 2
Clock high to output high-Z tkHQz tcHz — 6 — 6 — 6 — 6 ns 2
Clock high pulse width tkHkL  tcH 5 - 8§ — 5§ — 85 — ns
Clock low pulse width IKLKH toL 5§ — 5 — 6§ — 56 — ns
Setup times: 25 — 25 — 25 — 25 — ns 34

Address tAVKH tsaA

Address status tADSVKH tsADS

Input data tDVKH tsp

Byte write twvkH  tsw

Address advance tADVVKH 'SADV

Chip Enable tEVKH tscE
Hold times: 05— 05 — 05 — 05 — ns 34

Address tKHAX tHA

Address status tkHADSX tHADS

Input data tKHDX tHD

Byte write tkHuwx  tHw

Address advance tkHADVX tHADV

Chip Enable tKHEX tHeE

10
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HMG67B3632

Notes: 1. Maximum access times are guaranteed for all possible i486™ external bus cycles.

2. Transition is measured £200mV from steady-state voltage with load of Fig. B. This parameter is
sampled.

3. A read cycle is defined by byte write enables all high or ADSP low for the required setup and
hold times. A write cycle is defined by at least one byte write enable low and ADSP high for the
required setup and hold times.

4. This is a synchronous device. All address must meet the specified setup and hold times for all
rising edge of CLK when either ADSP or ADSC is low and chip enabled. All other synchronous
inputs must meet the setup and hold times with stable logic levels for all rising edge of CLK
when chip is enabled. Chip enable must be valid at each rising edge of CLK ( when either ADSP
or ADSC is low ) to remain enabled.

5. OE is a " don't care ( H or L )" when a byte write enable is sampled low.

AC Test Conditions
Input timing measurement reference levels..........oveeuecnn. 1.5V
Input pulse levels. ..o, 0to 3.0V
Input rise / fall time......ccocovoiiiiiic e 2ns
Output timing reference level.....coooiiiiiniicnnceccen, 1.5V
Output Load... ..., See Figure A unless otherwise noted

+3.3V

Output Z0=50 1
o—=

J 3171
i3 T Lhsos L T

T 30pF 1
351 S5pF*
v, =1.5V
Figure A Figure B
** (including the capacitance of tester and jig) * (including scope and jig)

11
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HM67B3632

Read Cycle
; : t KHKH : ; :
VAT AN AT AW AWAWAWAWAWAWAW S
'KHADSX tKLKH ;
t ADSVKH {KHKL E P \
ADSP TV \VIVIV VIV IV IV
: : t KHADSX ;
ADSVKH
LA XA Y AR VARV ARV ARV ARV ARY AR W/

~ tKHAX : :
t AVKH e : i !
Address iy p/ \x,,:”n 1 A1 {o b "‘/X AZ X‘ sl s ‘:' ) -\‘r/ | :; Sy x(\vl‘l' /)\’;’/- ?/”[”/ ) h o i ‘\;x‘.":‘,' T i

. tkwa
t WVvKH :
R T Y AAVARV AR VARVARVARV AR VARVARY/
: t KHEX
o ALICEES : E A

- t KHADVX

- MWMWT*WVAAAF“

tkHav

— \ EGLQV ; ; (ADV suspends burst)
OE ; “K ‘ t KHQX2 .

i (Note 3) ; :

t kHOX1 ke t gHQZ : (Burst wraps around_,

't aLox: : tkHQV 4 toit's initiaistate) ]  tkHoz -

Data Out : 5 (EP:QWU))_'( ClAB -+ G2(A2) ! ase) ! O4(A2) ' QI(AZ) ' ' C2(A2) *  Q3(AZ)
(Note 1) : - : : ;
"‘S'ngle read— : Burst read : i i i

Notes : 1. Q1(A2) represents the first outputs data from the base address A2; Q2(A2) represents the next
outputs data in the burst sequence with A2 as the base address.

2. CE2 and CE2 have timing identical to CE. When CE is low, CE2 is low and CE2 is high. When
CE is high, CE2 is high and CE2 is low.

3. tkHQX1is defined as the transition time from clock high to output active when a device goes to
be selected by CE or CE2 or CE2.

12
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Write Cycle

~ HM67B3632

CLK

Address

BW1-BW4

CE
(Note 2)

b
W)

R
m

Data In

Data Out

Notes :

t KHADSX
t ADSVKH

J\‘

’r

VARV,

extends burst)_:

J L

t AVKH

-

m’ i g

sprdo vl vy

e t KHAX
&h Y MX

/—(WRITE is |gnored for first cycle when ADSP initi

maYa)

/\/\/\[-\

"'Ux A3 le',x.‘\;‘.

ates bu:;st) |

tKHWX

fﬂ; AT

: t KHEX
t EvKH :
o W 00N Y s e \ [
: : i tKHADVX
: : : { : ‘ADVVKH 4——-— :
R EUVARY -/;\'\g//;\-\=/—\ /AR WY B
14 AN R Foun peosod
; : g t KHDX
: : : t DVKH ;
( DUAD o . DIAZ . D22 D2A2): - DAZ) ¢ ¢ Dagaz) © DYAZ) Dz - DokD)
H H H (Nole 1) i H : ; :
t GHQZ-
T——
W an-1(A0) Y On(Ao)
-—Burst read —-- Single write ~~—----—— Burst write —————————~~— Extended burst write —

1. D1(A2) represents the first inputs data for the base address A2 ; D2(A2) represents the
next inputs data in the burst sequence with A2 as the base address.

2. CE2 and CE2 have timing identical to CE. When CE is low, CE2 is low and CEZ2 is high.

When CE is high, CE2 is high and CE2 is low.

13
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HM67B3632

Combination Read / Write Cycle

CLK A\WAS AWAW
t t KHADSX
ADSVKH
_ b ) )
apsP o PN A\
- tKHAX
T AVKH -
Address R ar Vb X A2 X I
twvkH
BWi-BWa 7T YR
CE (note2) )Yy ¢))) D37\
t KHADVX
t ADVVKH :
ADV fov Voo b .J{ ;\_/ \ \
KHDX :
t kHQV {DVKH i *—T' tkrav
; ; DA ; .
Data In ' A T torax :
t KHOX 1~ : i =t KHQX2
: L t GHQZ } : :
Data Out { + oA : - bt ouand czmy o Q3(A3)
' ! (Noted) (Note )
< -—Read - «= - - Write —+ ——— Burst Read——
Notes : 1. Q1(A3) represents the first outputs data for the base address A3 ; Q2(A3) represents the next
outputs data in the burst sequence with A3 as the base address.
2. CE2 and CE2 have timing identical to CE. When CE is low, CE2 is low and CE2 is high. When
CE is high, CE2 is high and CE2 is low.
3. After write cycle, following Read cycle output Data(Q) is undefined unless an ADSP, ADSC, or
ADV cycle is performed.

14
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] HM67B3632

Application Examples

Data , Parity | 36

L %
Address >
— oW

Address Data
CLK CLK
L Address HM67B3632FP-12
. ™ CLK -
i486 ADSC
Cache BW1-BW4
Control Logic OFE
CE
ADV ADSP
* }
ADS
Control

Figure1

128K byte secondary cache with burst for 50MHz 80486 ™ using one HM67B3632FP-12
synchronous SRAM.

Data , Parity |_72 >
Address >
15@% Joe <36
Clock Address Data
CLK CLK
_ Address HM67B3632FP-9
. T™ CLK
Pentium ADSC
. Caclhe ) BW1-BW4
ontrol Logic OF
CE
] DV ADSP -
+ 1
ADS
Control

Figure2

256K byte secondary cache with burst for 66MHz Pentium™ using two HM67B3632FP-9
synchronous SRAM.
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HM67B3632

Package Dimensions

* FP-100H Unit: mm
i( 22.0:0.2 i
‘ | 20
' 80 51
AR
81 g 50
O
TTOICNOIIOU OOy,
1 E! 30
0.3210.1 ’: ‘T‘ 01| M :
szl o,
= Tew 3
16
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HM67B3632

Revision Record

Revision Date

Content of modification

0 Mar.31,1994

Initial release

1 Aug.26,1994

Change package form FP100A to FP100G.

Revise address A2 to AS in Write cycle timing.

Revise burst write to burst read in combination timing.
Change output load B for 3.3V,

2 Oct.20,1994

Add the spec of Vo and Vo

Revise ADSP, ADSC in Read cycle timing
Revise ATISS?TAE\? in Write cycle timing
Revise address A2 to A1 in Write cycle timing.
Change I spec 190mA to 250mA

Revise the error in Igg test condition

3 Oct.28,1994

Add the spec of Igg(CK RUN)
Change txHqx1 from 2ns to 4ns
Change load condition including 30pF

4 Dec.27,1994

Add the type Number of HM67B3632FP1-11 and
HM67B3632FP-11

Revise the Combination Read/Write cycle timing chart

Add the comment "After Write cycle, following Read cycle
Output Data(Q) is undefined unless an ADSF, ADSC, or ADV
cycle is performed.”

Revise the Address of Hitachi Ltd.

Vee=3.3V+0.3V to 3.3V+£5%

ILO=22.0pA to +10.0pA

tgHQzmMin=2ns to 1ns

5 Feb.20,1995

Revise pin number for DQO-DQ35, Vce and Vss in P5.
Change the CPU Clock Rate of HM67B3632FP1-10/11,
HM67B3632FP-10/11 66MHz to 60MHz

6 Feb 28,1995

Add the notes of txpyz is “2"
Add the Note3 on Read Cycle timing chart

7 Mar.30,1995

Revise the hight of FP-100H 1.7max to 1.6max
Add the LQFP in pin Description

8 Nov. 13,1995

Delete Type Number HM67B3632FP1-*
Add 5V tolerant /0
Viymax Vec+0.510 5.5

I
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