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'.;‘,’iﬁAMs' lengthen
 output d_elays

- by Vittal Rao* _
- ' ISRO Sataliits Conter, Peenya, Bangalore, India

Though output signals may be delayed slightly with a
simple shift register, delays of longer duration require a
disproportionately and often prohibitively larger -number
of such devices. However, this design uses a pair of

" random-access memories and a handful of integrated cir-

cuits to program a precise and accurate delay of up to
4,096 times the input clock pulse period into input data.
The delay may be Jengthened by using more counters

** and replacing the 4-K RAM with an 8-K RAM.

The desiréd time delay introduced by the circuit (a) is

1507

s PR

given bf T, = NXT, where N is the multiplier number
set by the RaM’s delay input and T is the period’of the
input clock. The delay input is loaded into the address

generator comprising synchronous down counters U, ’
through U, For every incoming
counters decrement and generate an address for the -~

clock pulse (b), the

data’ that is written.

All incoming data that is written into RAM U, is
simultaneously read from RAM U, This operation con-
tinues until the counters reach 000, thereby introducing
a delay that is proportional to delay-input number N.
When the counters reach 000, the delay input is once
again loaded into ‘the counters automatically, and the
incoming data is now written into U, and simultaneous-
ly read from U, P \

For this configuration, the maximum size of delay
input N'is 4,096 and is determined by the bit capacity
of the memory used. The input N can be increased by
using a higher-capacity RAM and more counters.

Electronics/April 7, 1983
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6. The timing diagram (b) s

Y an amnount propartional to delayinputN, whic':h isloadedintothe address gene'rétorconsis_t-
ntroducedis givenby Te = NX T, where Tis theperiod ofthe clock input. Becauss a 4-K-by-1-
hows waveforms for read, write, and latch operations.
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ccmverter ?,?“ -
The circuit described bv l“lll-.n Kuhnke 1
October Circuit Ideas is unduly compli-
cated. Conversion can be effected using
just a pair of 4008 i.cs, rewriting
10X 9+ X as 8X,0+2X10+.‘{|.
Multiplication by eight and two in binary
requires only shifting and this can be hard

wired.
N. G. de Mattos-Shipley

- London EC4
bed B0 L0 FLBR U L 1 i
2
L
B o8
LERRERER
I RS,
] -1
8
1wl |32
&4
4 L
281 0 6 | s | o8
Binary
b4 32 16 8 [3 2 1
. Hig
Fig. 1

The circuit deseribed by F. Kuhnke can
be simplified if we take into account that
the b.c.d. numbers 10, 20, 40 and 80 may
be split up into powers of 2, as 2+ 8, 4+ 16,
8432, 16464, If these values are added,
together with the 1, 2, 4 and 8 inputs in a
parailel adder, thc output is a binary-
weighted word with 64 as the highest
value. The idea may be expanded to higher
b.c.d. values, 100 to 800, 1000 w0 8000,
ctc. as shown in my publication: The co-
version of b.c.d. words into binary
numbers”, Microelectronics Journal, vol.
11, no. 2, pages 29 to 34.

For comparisen, the conversion of the
numbers | to 99 is shown in Fig. 1. Only
two i.cs with four full adders (7483) euch
are needed.

C. van Holten
Technische Hogeschoul, Delft
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The table shows the bi-
nary representation of
g 9 9 S5 the b.c.d. outputs from
units, tens and hundreds
—c, L008 C counters. To obtain a bi-
nary representation of
A4 B A B A any decimal value in the
range 000 1o 999 it is only
necessary to add the bi-
— nary columns together of
the appropriite rows,
c.g. the binary represen-
LSt Spl S % tatiun of 647 may be ob-
e, i e tained by adding the bi-
i i - nary columns of rows
B, A 8, Ay B, A, B & Qi Quze Qs (=7) 10
Q25 (- 40) to Qy2 and Qs
J J (=600). The maximum
<L . number of bits that need
i = to be added together for a
two-decade converter is
three (see binary colunmn
1] 0. 4] o]
E?" b2 n LI 3 12 0'} 2%). For a theee-decade
;(,\,T._ - cunverter the maximum
Fig. 2 pumhber is thus four
f . 5 R (again, see binary coluwinn 24. Fig. 3illus
The ¢ \ to the _\maphuly of By 2, It trates a three-decade converter using five
is to B “Jound in the rable '.uull the phile- Four-BiE Tl adder 1.os
aphy : be extended w denive g three A. ] Ewins
decade crverter Norls Tlarrow
ﬂ S 73
'L\_._".‘Jb




HM6287H Series

65536-Word x 1-Bit High Speed CMOS Statlc RAM

The Hitachi HM&287H is a high speed 64K static RAM arganized
as G4-kword x 1-bit. ltrealizes high speed accesstime (25/35 ns)and
low pawer consumption, employing CMOS process technology and
high spaed circuit designing tech nology. ltis most advantageotss for
the field where high speed and high density memoty is required,
such as the cache memory for main frame or 32-bit MPU. The
HM6287H packaged in a 300-mil plastic DIP and SOJ, Is availabls
for high dansity mounting.

Low power version relains the data with battery back up.

Features
* Single 5 V supply and high density 22-pin DIP and 24-pin SOJ
* Highspeed: Fast access time 25/35 ns (max)
* Low power
Operation: 300 mW (typ)
Standby: 100 pW (typ)
* Complately static memory
No clock or timing strobe required
* Equal access and cycla times
* Directly TTL compatible: All inputs and outputs

HMG6287HP Serics

(DP-22NB)

HM#6287HIP Series

(CP-24D)

Pin Arrangement Pin Description
HMG6287HP Series HM#é287HIP Series Pin Name .Function
Al - Al5 Address
Din Input
Dout Qutput
CS Chip select
WE Write enable
Veo Power supply
Vss Ground
(Top View) {Tap View)
Ordering Information
Type No, Access Time Package
HM6287HP-25 75 ns 300-mil
HM6287HP-35 35ns 22-pin
HMG&6287HLP-25 2575 plastic DIP
HM&287HLP-35 35ns {DP-22NB)
HM6287HIP-25 25ns .
HME2RTHIP-35 35ns 300-mil
HMG28THLIP-5 s 24-pin SOJ
HMG6287HLIP-35 35ns (CP-24D)
®HITACHI
164 Hitachl America, Ld. » Hitachi Plaza » 2000 Slerra Polnt Piwy. » Brisbane, GA 94005-1810 » {415) 589-8300

Block dlagram
F
£
-
A
A
A
A
Di
iz
-
Function Table
Cs WE
H x
L H
L L
Note: s Horl

Absolute Maximum F

Item
Yoltage on any pin relat
Power dissipation |
Cperating temperature
Storage lemperature.

Storage temperature undcf
Note: *1 Vimin=—20VT

Recommended DC Or

Item
.. .

Supply voltage
Therhae—————

Input high {logic 1) valiag

Input low (logic 0) voltag:
Note:  *1, Vo min =20V

Hitachf America, ¢
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: Static b.c.d.-to-binary

converter

The cireuit described by Falko Kuhnlke in
October Circuit Ideas is unduly compli-
cated. Conversion can be effected using
just a pair of 4008 i.cs, rewriting

16X1;+X1 as 8Xjo+2Xp+X;.
Multiplication by eight and two in binary
requires only shifting and this can be hard
wired .

N. G..de Manos-Ship;ey

London EC4
Lrcd 80 &0 20 108 4 2 1
2
A (A
B
lmr Ty l ] L ’
Al le [ 4| 2N
B
16] 32
64
| ' 1 F
2l le 216 |8
Binary 1 |
64 32 16 g A 2 1
v

Fig. 1 ’///% -

The circuit deseribed by F. Kuhnke can
be simplified if we take into account that
the b.c.d. numbers 10, 20, 40 and 80 may
be split up into powers of 2, as 2+8, 4+16,
8+32, 16464, If these values are added,
together with the 1, 2, 4 and 8 inputs in a
parallel adder, the output is a binary-
weighted word with 64 as the highest
value. The idea may be expanded to higher
b.c.d. values, 100 to 800, 1000 to 8000,
etc. as shown in my publication: The co-

- yersion of b.c.d. words into binary

numbers?, Microelectronics Fournal, vol.
11, no. 2, pages 29 to 34.

For comparison, the conversion of the
numbers 1 to 99 is shown in Fig. 1. Only
two i.cs with four full adders (7483) each
are needed.

C. van Holten
Technische Hogeschool, Delft

b.e.d.

Value [ Input

1|1

2] 12
4113

8] 14
10|
20} 22
40| 23
80 24
100 | 31
200 ] 32
L00 | 33
800 | 24

Binary outpul |

L} 1.1 .0
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S PN OQoCO0 OO0 000 N
L= = ==~ = [~ -0 =~ I
(=R R~ [~ =]
L~ = [ — =] [~ - — ]

N
~
[ ]
i~

—_0O0Oo00QooO
O = Oo—,o 000 00N
(= = ] =l = R Lol = — =l L
OO0 =Oo -olc 200
oo oRoD 0
oo ooolon o~ N

WIRELESS WORLD FEBRUARY 1983

i‘laz. 0, 0, 04 fz:.

W
Hundreds

-
Unifs

zi 20 .
The table shows the bi-
pary representation of
the b.c.d. outputs from
units, tens and hundreds
counters. To obtain a bi-

pary representation of
any decimal value in the
range 000 to 999 it is only
pecessary to add the bi-
nary columns together of
the appropriate rows,
e.g. the binary represen-

tation of 647 may be ob-
tained by adding the bi-
nary columns of rows

Qu, Qiz, Qs (=7) o
Qs (=40) to Qaz and Q33

bP———1

=

% 7 %

(=600). The maximum
number of bits that need
to be added together fora
i two-decade converter is

three (sce binary column
1, 2%). For a three-decade

Q

4

Tens
Fig. 2

The clue to the simplicity of Fig. 2. circuit
is to be found in the table and the phile-
sophy may be extended te derive a three
decade converter.

Units

converter the maximum
pumber is thus four
(again, see binary column 2%). Fig. 3 illus-
trates a three-decade converter using five
four-bir full adder i.cs.
A.J. Ewins
North Harrow
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RAM makes pr_dgrammable
digital delay circuit

by Darfus Vakili
- Bayly Engineering, Ajax, Ont,, Canada

For applications lacking in long shift registers and for
which bipolar components are too expensive, this simpie
random-access-memory circuit will program the delay of
digital signals precisely and accurately—and without
needing varying clock frequencies. The RAM’s ready
availability and low cost add to the circuit’s attractions,
especially when high signal speeds are involved.

A digital input code programs the output delay of the

signal. The input signal is written into the RAM U, at an
address generated by synchronous up-down counters Us

and U, and by a fixed input digital code set by the

dual-in-line-packaged switch. The stored signal is avail-
able at the output when the write-enable input to the
RAM is high. This data is read out of the RAM from a
location that corresponds to the address generated by the
counters only. Therefore, the signal read from the RAM
is delayed by a time period equal to the DIP switch’s
displacement value multiplied by the period of the clock
used for generating the address.

The input clock is divided by 2 by latch U,. The Qs
output of Uy clocks address counters U and Uy and also
the sclect inputs of multiplexers Uz and U;. The NAND
gates generate the RAM’s read ard write inputs and aiso
ensure the data is written into the RAM when the control
input of U; and Uj; is high and read out when it is low. [

Programmed delay. Using random-access memory, this programmable-delay circult accurately controls signal delay by means of & digital

code generated by a DIP switch. Counters Us and U; generate the address for the RAM. Ug provides the wrile and read Inputs for the RAM.

' Eléctronics/June 30, 1982
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 Amai67

16,384 x

1 Static RAM

DISTINCTIVE CHARACTERISTICS

@ High speed — accoss times as fast as 35ns maximum

® Autematic power down when desalectad
@ Low powar dissipation
- Am2167; 660mW active, 110mwW powesr down

9 High outpu! drive

= Up to seven standard TTL Ioads or six Schottky TTL
loads

& TTL compativle interfaca lavels

@ No powar-on current surge

GENERAL

The Am2167 Is a high performancs, 18,384-bit, static,
readiwrits, random access memory. It is organized as
16,384 words by ona bil per word, All interface signal fevals
are idsntical to TTL specifications, providing good noise
immunity and simpified system design. All inputs are purely
capatitive MOS foads. The outputs will driva up to six

standard Schattky TYL loads or up 1o seven standard TTL
loads.

DESCRIPTION

Oniy a singlo +5 voit power supnly I8 required. When
deselected (TE 52 vy, the Am2167 automatically anters a
power-down mmade which reduces power dissipation hy
80%.

Data In and Data Oul use separate pins and are the sama
polarity ellowing them to b connected {ogether for opera-
ton in a common data bus envircnment. Data Out is a

thres-state oulput alicwing similer devicas to ha wire-OR'd
logethar.

BLOCK DIAGRAM
Ay — o]
[ p—
Ay —} apoREss STCHAGE
“ suerens iy
N MATRIX
RDW
A =1 tecooens 128 1z
Az
Az
! l
L
F A
Ay ]
i ACORERS SENSEWRITE AMPLIFIERS
BUFFENRS
Ag —— AND
A COLULIN
A" =] DECOOERS VO CONTNOL AND BUFFER
A1y e
]
2 t
e DAYA OATA
Veg — ouT
Viy —
BDoCO170

PRODUCT SELECTOR GUIDE

Part Number Am2167-35 Am2167-45 Am2167-55 Am2167-70
Maximum Access Time (ng) ¥ 35 45 55 70
Maximum Active Curment (mA) 120 120 {160 mil) 120 (160 mif) 120 (160 mi)
Maximum Standby Cument (mA) 20 20 {30 mil) 20 (30 mil) 20 (30 mil}
Full Military Oparating ¥
Range Version No Yes Yeas -]

03211D

T N iy A e

RS L

Kl

R e e e R S E

[T T me—e ey

i
i
L
M
|2 T
:
: Address Tic~
I External
Ap
Aq
S T
| A3 .
A4 :
As
Ag ;
Ay
Ag
Ag
A1
A11
1. A1p
H A1z
Am2167-45 B M
Packat
D-/
] P-2
¢
i L— Speed Satact
! 35 - 35ns
i 45— 45n8
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CONNECTION DIAGRAM

Top View
D-20-1, P-20-1
ADDRESS 0 —-Qt' ~ 20| J—— Veot+
ADORESS 2 =2 “19[}=—— apoRress1
ADORESS & ——al {3 - 18] J=—— ADDRESS3
ADORESS § ——{ |4 17| J=——— ADDRESSS
ADORESS 8 ———ei"]$§ 18— AOORESST
ADORESS 10 ——={ 18 I 15[ = ADDRESS W
aoopess2 ——=[ 17 14 J=—— apORESS 11
oaTA o —{"|3 13| J=——— ADORESS B
WAITE ENABLE = |0 12§ }—— DATANM
(GND) Vgg ——{ {10 1[J— CAFERABLE
CO000240

Note: Pin 1 is marked for orientation

Z9leuy

BIT MAP
Address Doglgnators -
External Intemnal
Ag Ay
Ay As
Az Az
Ag Ag
A4 Ag
As Ag
Ag Aq
Ay A3
Ag Ao
Ap Ag
A1 Al e
A Ay DIE SIZE- 0.121 x 0240
A2 Az
A3 Ay

Figure 3. Bit Mapping Information

Am2167-45 D W

ORDERING INFORMATION

l— Speed Select

35— 35ns
45 - 45n5

55 — S5ns
70 - 70ns

Device Type
16k x1 SRAM

B, Valid Combinations
Bum-in Oplion Am2167-35 | PG, 0C
B suffix denotas 160 hour TPe DG
bum-in. Am2167-45 DM, DMB
Temperatura e DC
. G- Commercial {0°C to +70°C) Am2187-55 DM' DMB
- M- Military (~55°C to +125°C) 5
Amzi67.70 | BO: OO
Package DM, DMB
D - 20-pin CERDIP
P - 20-pin plastic DIP
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i 5 ABSCLUTE MAXIMUM RATINGS - . OPERATING RANGES 0

;'Qf 5 Storage TOMPEratung ....c.veciescarssnssssnas -65°C fo +150°C Commercial {C) Davices T

1Y Ambient Temparature with TaMPAALIG cvovissnsviasssis conssasssaarissos 0°C to +70°C P

v Powor ADPIOd ..ococececaeeerereecaaneees -55°C o +125°C Supply Voltage ...ucmruresnsrcnsnrvesseenes. £ 4.5V t0 +5.5V ] s c t

: Supply Voltags ceevececinsesrennns rrerreseesrres 0.5V lo + 7.4V . ) wé I upply: Curren

! : Military (M) Devices i B varsus Supply Voltage
: Signal Veltages with " - e il

i Temperatrs .ceeeesserinanen veesnennene.=55'C t0 +125°C S :

: o il e SUDRIY VOHBEE. .oroor. oo oreosseessoresoree +4sv o +5sv | Rl S ,
po oG cc:uupho B Operating ranges define those lirmits over which the functional- i’I L. TanFC {
5_ ) ) ~ Oumul L1 1a: SO sersssansersennaeneness VOTMA ﬂy of tha_ devica is Qumnfm = g‘ 103 . —
: The products described by this specification include intesral i i; & -
: circultry desigred to protect input devicss from damaging o T i
i accumulations of static charge. It is suggasted neverthelezs, i“ F .|§ ©

P - that conventional precautions be observed during storega, '&.__s £ L

! handiing and use in ordar lo avold exposure to 6XC8sswe ey 8w

2 it £518

: roiege : : el o tani—
: o ?
; DC CHARACTERISTICS over operating range eniess otherwise spacified R ST
- - 32

e Am2167-45 e Yoo -V’
b Am2157-55 il oot
L1 . | _Am2167-35 | Am2157-70 d Sl

. Symbol| Paramoter Tast Conditions Min Max | Min Max | Unita e
iﬂ Iom Quiput High Current Vou = 2.4V Voo = 4.5¢ -4 - mA Z3 A

5 _ COM'L 18 18 *
.;‘r_.:: oL Crtput Low Current VoL = 0.4V e = = mA
ek Vil Input High Voltage 20 60 | 20 €0 | vots Normalized Accass Tix
if‘ i Vi | Wt Low Volisge <30 | 08 | -ab | 08 | vouw versus Supply Yoliag:
i ‘ Iix tnput Load Current Vag <V < Voo ‘ w0 10 MA "

Bt Outpu! Leaks; GNB SV SV

- oz | Gument o Output Disabien -50 g0 | -% 2 A 1z J

' -

Ty | tnpat Capacance Test Froquency = 1.0 iz = &

; Co Outpir Capacitanca Tgnzs'cmvﬂnnuw. Veg =8V [ 8 ol 11 L‘\b\ -...__.Tm —
5 : Voo Operating Max Voo, CE < ViL coML 120 120 | oa 10

'i‘ o | Simly Gurens Output Opon ML NIA 160 Y
| . = [}

'5.‘ lsa | Atomasc CE Power MAX Yeg, (CE 3 Vin) COML 20 2 | 09

N Bown Cumrent {Nats 3) ML N/A a0 o8 4
g Y

i Notes: o7 '

:. 1. Test condiions assume signal transition times of 5ns or 4, The operating amblent temperature rangea is guarantsed LR
5 fess, timing reference lavels of 1.5V, input pulse levels of with transverse air flow of 400 linear feet per minute. Yec-¥

. 010 2.0V and output loading of the specified Igp Aoy &nd 5. The davica must be selected during the pravious cycle. o
: 30pF load capacitance, Output timing reference s 1.5V. Otherwise taa and tge are equivalant to tacs.

: 2. The intemal write tima of the memory Is defined by the 6. Al any given temperature and voitage condition, tz Is

L overap of TE ow and WE low. Both skynals must ba low less than f7 for aft devices. Transition Is measured

. to initiate a wiits and sither signal can terminate a wri¥a +500mY from steady stale voltage with load spectiled in L I

: by going high. The data Input setup and hold timing Figure 2 for thz, t 2. tow and twz. et 1

{ should ba referenced lo tha rising edge of the aignal that 7. WE Is high for read cycle. 5 i Typlcal Power-On Cur-
; terminates the write. 8. Address valid prior to or coincident with TE transition low, = vorsus Power Suppt.
L 3. A pull-up resistor to Ve on the TE input is required 1o P o =
{ kesp the devico desclected duing Voo power up. b 20

l' Othorwlse Isg will axcead valuea given. i Ty = 25'C | l

Hs ; 0 EEPULLU RENS!
i } 8 TOVee

E ks ! 20 i
\ k. ! i
' i ‘ [ .
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: e e 6 1+ 2 3
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HMIG167,HVMGIS7-6, HVISIG7-8

£l
4

HMG167P,HM616 7P-6,HM6167P-8

16384-word x1-bit High Speed Static CMOS RAM

W
. -

= ..R.
e AeBithe L
—— T —
A

oy, I

- . . : i

BFEATURES
® Singie +5V Supply and High Density 20 Pin Package
® Fast Access Time — 70ns/85ns/100ns
® Low Power Stand-by and Low Power Operation

Stand-by 25mW Typ, and Oparating 150mW Typ,
¢ Completely Static Memory . .. .. No Clock nor Refresh Required
Fully TTL Compatible — All inputs and Cutput
Separatz Data Irput and Qutput . . . .., .. + « Three State Output
Pin-Out Compatible with Intel 2167 Series T

HMB167, HMs167-6, -
HME167-8,

LI

BIBLOCK DIAGRAM

i {DG-30}

£ = " HMEIGTP, HMG167P-5,

w—d om HM6167P-3

'? u—%

3 Paw Memary Array

- A—LFT becder usxin

s ]

"3_ h:—-—m

E a I Colum 10 Bant

:'.'; Caluen Drcoder

e

&3 (DP-29)

3 l , , ’ , EPIN ARRANGEMENT

L T Y R T ,s.,LT ~ 20fhec

. MABSOLUTE MAXIMUM RATINGS 2] (5] 40

; ftem Symbal Rating Unit "'E E,\,,

' Terminal Voitzge with Respert 1o GND | 15 ~0.5" to +7.0 v “’E E e
Power Disspation B 1.0 w =1

3 A 5 1]

4 Operating Texxperature Tire 0to +70 C 'E '
Storage Temperature (Plastic) Tue --55 to +125 ' A'E ]

. Storage Temperature (Caramic) Tur —65 1o +150 c m[7] 1A

: Storage Temperature®* Torthisn =10 to +35 *C DmE ala
* Pulse width Xg - =35V seced bas WE:E e

ERECOMMENDED DC OPERATING CONDITIONS onole 1)

. o 5

:‘ (0'C=Tas70C) e

iy Item Symbel min typ max Unke

£

v T Veo 45) 5.0 ] 5.5 v

1 VepY Yollge GND o o 0 v

. Input High Voltzge Vi 22| — | 6.0 v

_5' Input Low Voliage Vie =3.0° -~ 0.8 v

:‘{ » Pulse width 20y, BC ¢ Vi, min= ~33V

G HITACH! 119
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