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ORDERING INFORMATION
Factory orders for parts described in this book should include a four-part number as explained below:
Example:

MK 5009

~ -~

~1.

Dash Number

2. Package
" - - - - - - - - 3 . Device Number
" - - - - - - - - - - 4 . Mostek Prefix
1.

Dash Number
One or two numerical characters defining specific device performance characteristic.

2.

Package
P

Gold side-brazed ceramic DIP

J - CER-DIP
N
K
T
E

3.

-

Epoxy DIP (Plastic)
Tin side-brazed ceramic DIP
Ceramic DIP with transparent lid
Ceramic leadless chip carrier

Device Number
1XXX
2XXX
3XXX
38XX
4XXX
5XXX
7XXX

4.

or 1 XXXX - Shift Register, ROM
or 2XXXX - ROM, EPROM
or 3XXXX - ROM, EPROM
- Microcomputer Components
or 4XXXX RAM
or 5XXXX Counters, Telecommunication and Industrial
or 7XXXX Microcomputer Systems

Mostek Prefix
MK-Standard Prefix
MKB-100% 8838 screening, with final electrical test at low, room and high-rated temperatures.
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Mostek - Technology For Today And Tomorrow

TECHNOLOGY
From the beginning, Mostek has been
recognized as an innovator. In 1970, Mostek
developed the MK4006 1K dynamic RAM
and the world's first single-chip calculator
circuit, the MK6010. These technical
breakthroughs proved the benefits of ionimplantation and cost-effectiveness of
MOS. Now, Mostek represents one of the
industry's most productive bases of
MOS/LSI technology. Each innovation in memories, microcomputers and
telecommunications - adds to that
technological capability.

production capability has made us the
world's largest manufacturer of dynamic
RAMs. In 1979 we shipped 25 million 4K
and 16K dynamic RAMs. We built our first
telecommunication tone dialer in 1974;
since then, we've shipped over 5 million
telecom circuits. The MK3870 single-chip
microprocessor is also a large volume
product with over two million in application
around the world. To meet the demand for
our products, production capability must be
constantly increased. To accomplish this,
Mostek has been in a constant process of
expanding and refining our production
capabilities.

QUALITY

THE PRODUCTS
Telecommunications and Industrial
Products

The worth of a Mostek product is
measured by its quality. How well it's
designed, manufactured and tested. How
well it works in your system.
In design, production and testing, our
goal is meeting the spec every time. This
goal requires a strict discipline, both from
the company and from the individual. This
discipline, coupled with a very personal
pride, has driven Mostek to build in quality
at every level, until every product we take to
the market is as well-engineered as can be
found in the industry.

Mostek has made a solid commitment to
telecommunications with a new generation
of products, such as Integrated Pulse
Dialers, Tone Dialers, CODECs, monolithic
filters, tone receivers, AID converters and
counter time-base circuits.
Since 1974 over five million telecom
circuits have been shipped, making Mostek
the leading supplier of tone/pulse dialers
and CODECs.

PRODUCTION CAPABILITY

Memory Products
Through innovations in both circuit

Mostek's commitment to increasing
II-vii

design, wafer processing and production,
Mostek has become the industry's leading
supplier of memory products.
An example of Mostek leadership is our
new BYTEWYDE'· family of static RAMs,
ROMs, and EPROMs. All provide high
performance, N words x 8-bit organization
and common pin configurations to allow
easy system upgrades in density and
performance. Another important product
area is fast static RAMs. With major
advances in technology, Mostek static
RAMs now feature access times as low as
55 nanoseconds. With high density ROMs
and PROMs, static RAMs, dynamic RAMs
and pseudostatic RAMs, Mostek now offers
one of industry's broadest and most
versatile memory families.

line is the powerful MATRIX'· microcomputer development system, a Z80based, dual floppy-disk system that is used
to develop and debug software and
hardware for all Mostek microcomputers.
A software operating system, FLP-80DOS,
speeds and eases the design cycle with
powerful commands. BASIC, FORTRAN,
and PASCAL are also available for use on
the MATRIX.
Mostek's MD Series'· features both standalone microcomputer boards and
expandable microcomputer boards. The
expandable boards are modularized by
function, reducing system cost because the
designer buys only the specific functional
modules his system requires. All MDX
boards are STD-Z80 BUS compatible.
The STD-Z80 BUS is a multi-sourced
motherboard interconnect system designed
to handle any MDX card in any card slot.

Microcomputer Components
Mostek's microcomputer components are
designed for a wide range of applications.
Our Z80 family is the highest performance 8-bit microcomputer available today.
The MK3870 family is one of the industry's
most popular 8-bit single-chip
microcomputers, offering upgrade options
in ROM, RAM, and 1/0, all in the same
socket. The MK3874 EPROM version
supports and prototypes the entire family.

Memory Systems
Taking full advantage of our leadership in
memory components technology, Mostek
Memory Systems offers a broad line of
products, all with the performance and
reliability to match our industry-standard
circuits. Mostek Memory Systems offers
add-in memory boards for popular DEC
and Data General minicomputers.
Mostek also offers special purpose and
custom memory boards for special
applications.

Microcomputer Systems
Supporting the entire component product
lI·viii
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TWX
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So... CIoro. CA 88081
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TWX 810/338-ozH
COLORADO
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u.s. AND CANADIAN

DISTRIBUTORS

NEW MEXICO

OHIO

TEXAS

Bell Industries
11728 Linn N.E.
Albuquerque. NM 871 23

Arrow Electronics
3100 Plainfield Road
Kettering, OH 45432

Arrow Electronics

505/292-2700
T\NX 910/989-0625

513/253·9176
TWX 810/459·1611

Dallas, 1)( 75240

214/386-7500

601/972·6969

CANADA
Prelco Electronics
2767 Thames Gate Drive
Mississauga, Ontario
Toronto l4T lG5

TWX 910/925·5686

416/678·0401

Arrow Electronics

Arrow Electronics
10 Knoll Crest Drive
Reading. OH 45237

TWX 910/860-5377
Quality Components
10201 McKalia
Suite 0
Austin, TX 78758

Kierulff Electronics
3695 W. 1987 South St.
Salt Lake City, UT 84104

512/835-0220
TWX 910/874·1377

WASHINGTON
KierulffElectronics
1005 AndOller Park East
Tukwila, WA 98188

TWX 610/492·8f,174
Prelco Electronics
480 Port Royal 51. W.
Montreal 357 P.O. H3l 289
514/389·8051
TWX 610/421·3616
Prelco Electronics
1770 Woodward Drive
Ottowa, Ontario K2C OP8

2460 Alamo Ave. S.E.
Albuquerque, NM 87106

5051243-4566
TWX 910/989·1679
NEW YORK

Arrow Electronics
900 Broad Hollow Rd.
Farmingdale, LI., NY 11735

516/694·6800
TWX 5101224-6494
Arrow Electronics
7705 Manage Drive
P. O. Box 370
Uverpool, NY 13088
315/652-1000

TWX 710/545·0230
Arrow Electronics
3000 S. Winton Road
Rochester, NY 14623
7161275·0300
TWX 5101253-4766
Arrow Electronics
200ser Ave.
Hauppauge, NY 11787

516/231·1000
TWX 510/227-6623
Lionex Corporation
415 Crossway Park Drive
Woodbury, Lt, NY 11797

516/921-4414

TWX 510/221-2196
Schweber Electronics
2 Twin Une Circle
Rochester, NY 14623

716/424·2222
Schweber Electronics
Jericho Turnpike
Westbury, NY 11590
516/334-7474
TWX 5101222·3660
NORTH CAROUNA
Arrow Electronics
938 Burke Sf.
Winston Salem, NC 27102

919/725·8711
TWX 510/931·3169
Hammond Electronics
2923 Pacific Avenue
Greensboro, NC 27406

9191275-6391

TWX 510/925-1094

513n61-5432
TWX 810/461-2670
Arrow Electronics
6238 Cochran Road
Solon, OH 44139

13715 Gamma Road

P.O. Box 401 068

UTAH
Bell Industries
3639 W. 2150 South
Salt Lake City, UT 84120

801/973·6913

2161248-3990
TWX 810/427·9409

Quality Components
4303 Alpha Road
Dallas, TX 75240

Schweber Electronics
23880 Commerce Park Road
8eachwood, OH 44122

214/387-4949

TWX 910/444-2034

TWX 910/860·5459

Wvle Distribution Group
1750 132nd Avenue N.E.
Bellevue, Washington 98005
206/453-8300
TWX 910/443-2526

216/464-2970
TWX 810/427·9441
PioneerICleveland
4800 East 131st Street
Cleveland. OH 44105

215/587-3600
TWX 810/422·2211
PioneerIDa\1on-lndustrial

Quality Components
6126Westline
Houston, TX 77036
713/772·7100
Schweber Electronics
7420 Harwin Drive
Houston, TX 77036
713/784-3600
TWX 910/881·1109

1900 Troy Street

206/575·4420

WISCONSIN
Arrow Electronics
434 Rawson Avenue
Oak Creek. WI 53154

4141764-6600
TWX 910/262·1193

Davton, OH 45404
5131236·9900

Kierulff Electronics
2212 E. Moreland Blvd.
Waukesha, WI 53186

TWX 810/459-1622

4141784·8160

OREGON
Kierulff Electronics
4273 NW Science Park
Portland, OR 97227
503/641·9150

TWX 9101262·3653

TWX 910/467·8753

6131226·3491
Tetex 05·34301
RAE. Industrial
3455 Gardner Court
Burnaby. B.C. V5G 4J7
6041291-8866
TWX 610/929-3065
Zentronics
141 Catherine Street
Ottawa, Ontario
K2P lC3

6131238-6411
Telex 05·33636
Zentronics
1355 Meyerside Drive
Mississauga, Ontario
(Toronto) l5T 1 C9
416/676-9000
Telex 06-983657
Zentronics
5010 Rue Pare
Montreal, Quebec
M4P 1P3

5141735-5361

PENNSYlVANIA
Schweber Electronics
101 Rock Road
Horsham, PA 19044

Telex 05-827535
Zentronics
590 Berry Street
51. James, Manitoba
(Winnipeg) R2H OR4
2041775·8661
Zentronics
480A Dutton Drive
Waterloo, Ontario
N2l4C6
519/884-5700

215/441-0600
Arrow Electronics
4297 Greensburg Pike
Suite 3114
Pittsburg, PA 15221
412/351-4000
Pioneer/Pittsburgh
560 Alpha Drive
Pittsburgh, PA 15328
4121782·2300

TWX 7101795·3122
SOUTH CAROUNA
Hammond Electronics
1035 Lown Des Hill Rd.
Greenville, SC 29602
8031233-4121

lWX 8101281-2233

II-xii

INTERNATIONAL MARKETING OFFICES
EUROPEAN HEAO OFFICE
MOllek International
160 Chaussee de II Hulpe
B·1170 Brussels
Belgium
(321 2 6606924
Telex· 848 62011 MK8RU B
FRANCE
Mostek France S.AR.l.
30. Rue de Morvan
Silic 505
94623 Rungis Cedex

133"

GERMANY
Mostek GmbH

Talatrasse 172
7024 Filderstadt 1
IBernhausen)
(48) 711 701045

Telex·841 7255792 MKD
Mostek GmbH
Friedlandstrasse 1
2085 Quickborn/Hamburg
(49)4041062077/2078
Telex·841 1213685 MKHA D

Mostek GmbH

Zaunkoenlgsl,asse 18
0·802' Ollobrunn
(491896091017·19
Telex' 8415218516 MKMU 0
ITALY
Moslek ltali. S.P.A.
Via G. de Procida. 10
1·20149 Milano
13912 3185337 or

JAPAN
Sanyo Bldg 3F

UNITEO KINGDOM
Mostek U.K. Ltd.

'·2·7 Kila-Aoyama

Masons House.

Minalo·Ku, Tokyo 107

'·3 Valley Drive.

(Bl134047261
Kingsbury Road,
-Telex 781 236S6 J23686 MOSJAOV London, NWS

144"
SWEDEN
Moslek Scandinavia AS
Magnusvagen 1

3492898

S-17531 Jarfalla
1461758·343·38

Telex· 843 333601 MOSTEK I

Telex· 854 12997 MOSTEK S

2049322

Telex· 851 25940 MOSTEK G

6873414

1'ele•• 842 204049 MKFF:ANF F

INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS
ARGENTINA
Ravo Electronics S.R.L.
Belgrano 990, Pisos By2
1092 Buenos Air.s

4. Rue Barthelemy
F·92120 Monlrouge

138,·1779.37·9478

13311·735.33.20

HONG KONG
eetLimited
1402 Tung Wah Mansion
199·203 Hennessy Road
Wanchai. Hong Kong

Telex· 122153

Telex· 204634

15,.72.93.78

FRANCE

e.p.

TH~

NETHERLANDS
Nijkerk Elektronika BV
Drenlestraat 7
1083 HK Amsterdam

1020.'428.933
Telex· 11625

Talex·86148
AUSTRALIA
Amtron Tyree PIy.Ud.
176 Botany Street
Waterloo. N.S.W. 2017
(81) 69·89.666
Telex' 25643

SCAIS
80, Rue d'Arcuil
SIUC 137
F·94150 Rungis Cede.
(33) 1·687.23.12
Telex·204674

AUSTRIA
Transistor·Vemiebs GmbH
Auhofslrasse 41 A
A·1130 Vienna

GERMANY
Neye Enalechnik GmbH
Schillerstrasse 14
0-2085 Quickborn

143'222·829.45.12

149,4108·81.22.95

Telex· , 3738

Telex· 213.590

8RASIL
Casele, ltd.
Rua da ConsalacaG. 867
Conj.31
01301 Sea Paulo

Dr Dohrenberg
Bayreuth., S"asse 3
D·' Berlin 30

149'30·213.80.43
Telex - , 84860

155"'·257.35.35/258.43.25
Telex· 1130869

BELG'UM
Sotronic
14, Rue Pere de Deken
B·1040 Brussels
(3212·736.10.07
Telex· 25141
DENMARK
SemicapAPS
Gammel Kongevej 184.6
OK·1850 Copenhagen

14511·22.15.10
Telex· 15987
FINLAND
S.W. Instruments
Karstulantie 4 B
SF-00550 Helsinki 55
(358)-0-73.82.65
Telex· 122411

Raffel·Electronic GmbH
Lochnerslrasse 1
0·4030 Ralingen

149'2102·280.24

ISRAEL
Telsys limited
64 Jabolinsky Road
Ramat·Gan 52462

1972'73.98.65
72.23.82
Telex' 32392

NORWAY
Helro Tekniska AIS
Poslboks 6596
Rodelkka
Oslo 6

ITALY
Comprel S.r.l.
Viale Romaona. 1
,·20092 Cinisello Balsamo

147,2·38.02.86

139'2·928.08.09/928.03.45

Telex· 16205

Telex· 332484
JAPAN
Systems Marketing, Inc.
4th Floor, Shindo Bldg.
3,'2·5 Uchikanda,
Chiyoda·Ku.
Tokvo,loo
18113·254.27.51
Telex· 25761

Tele.·8585180
Siegfried Ecker
Konigsberge, Sirasse 2
D·6120 Michelstadl

Teijin Advanced Products Corp.
,., Uchisaiwai·Cho
2·Chome Chiyoda-Ku
ToItVO.loo

149,6081·2233

18113·508.48.73

Telex· 4191630

Telex, 23648

MatfonicGmbH
Ltchlenberger Weg 3
0·7400 Tubingen
(49) 7071-24.43.31
Telex·726.2B.79

KOREA
Vine Overseas Trading Corp.
Room 303·Tae Sung Bldg.
199·' Jangsa-Oong
Jongro-Ku
Seoul
126)-1863, 25·9875
Telex·24154

Dame-Electronic GmbH
Blulenslrasse 21
0-8 Munchen 40

NEW ZEALAND
E.C.S. oiv. 01 Airspares
P.O. Box 1048
Airport PalmerSlon Nonh
1771·047
Telex - 3766

SOUTH AFRICA
Radiokom
P.O. 80)1;56310
Pinegowrie
2123,
Transvaal
789,'400
Telex· 8·0838 SA

SWEDEN
Inle,elko AS
Strandbergsg.47
5·"251 Siockholm
(46)8.13.21.60
Telex· 10689
SPAIN
Comelta S.A.
Cia fleelronica Tacnicas Aplicadas
Consejo de Cie.nlo, 204
Enllo3A.
Barcelona 1 1
(34) 3·264.66.07/08

Tele.·51934
SWrRERLAND
MemotecAG
CH-4932 Lotzwil
(41) 63·28.11.22
Telex· 88636

149'89·288018
Telell - 28345

lI·xlii

TAIWAN
Dynamor Taiwan limited
P.O. Box 67·445
2nd Floor. No. 14. Lane 164
Sung·Chiang Road
Taipei
5418251
Telell·11064
UNITED KINGDOM
CeJdis Limited
37·39 loverock Road
Reading
Berks RG 31 ED
1441734·58.51.71
Telex - 848370
Distronic limited
50·51 Burnt Mill
Elizabeth Way.
Harlow
Essex CM 202 HU
144) 279·32.497/39.701
Telex· 81387
A.M. Lock Co.. Ltd.
Neville Sireet.
Chaddarton.
Oldham. Lancashire
144) 6'-662.04.31
Telex· 669971
Pronto Electronic Systems Ltd.
645 High Road.
Seven Kings,
Ilford.
Essex IG 38 RA
14411·699.30.41
Telex· 24507
YUGOSLAVIA
Chemcolor
lnotemma Zaslupstva
Proleterskih brigada 37-a
41001 Zagreb
(41)-513.911
Telex·21236
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Frequency
Generator

MOSTEI(.

lOP OCTAVE FREQUENCY GENERATOR
MK50240/1/2
FEATURES

o
o
o

Single Power Supply

o
o

High Output-Drive Capability

Broad Supply-Voltage Operating Range
Low Power Dissipation

MK 50240 - 50% Output Duty Cycle
MK 50241 - 30% Output Duty Cycle
MK 50242 - 50% Output Duty Cycle

DESCRIPTION
The MK 50240 is one of a family of ion-implanted, Pchannel MOS synchronous frequency dividers.

FUNCTIONAL DIAGRAM

Each output jrl!quency is related to the others by a
multiple 12";2 providing a full octave plus one note on
the equal-tempered scale.
Low threshold-voltage enhancement-mode, as well as
depletion-mode devices, are fabricated on the same chip
allowing the MK 50240 family to operate from a single,
wide-tolerance supply. Depletion-mode technology also
allows the entire circuit to operate on less than 600mW
of power. The circuits are packaged in 16-pin dual-in-line
packages.
RFI emanation and feed-through is minimized by placing
the input clock between the Voo and vss pins. Internally,
the layout of the chip isolates the output buffer circuitry
from the divisor circuit clock lines. Also, the output
buffers limit the minimum rise-time under no load
conditions to reduce the RF harmonic content of each
output signal.

PIN CONNECTIONS

Vss

16

478

1

16

2

15

402

426

CLOCK

2

15

239

Vss
CLOCK

V

14

253

451

3

14

358

451

3
4

13

268

379

4

13

338

426

5

12

284

319

5

12

284

402

6

11

301

301

6

11

268

379

7

10

319

253

7

10

358

8

9

338

239

8

9

V DD
NC

DD

111-1

ABSOLUTE MAXIMUM RATINGS
Voltage on any pin relative to VSS ...........................•.••........• +O.3V to -20V
Operating Temperature (Ambient) ......................•.•....•..............O°C to 50°C
Storage Temperature (Ambient) ....•....•.....•.............•.........•.. -40°C to 100°C

RECOMMENDED OPERATING CONDITIONS
(O'C <;;; T A<;;; 50t)
_.

PARAMETER

MIN

V ss

Supply Voltage

0

Voo

Supply Voltage

-11.0

TYP

MAX

FIGURE

V

0
-15.0

UNITS

-16.0

ELECTRICAL CHARACTERISTICS
(O°C <;;;TA <;;;50°C; VSS

= 0, VDD = -11

PARAMETER

to -16V unless otherwise specified)
MIN

TYP

MAX

UNITS

V1L

Input Clock, Low

0

-1.0

V

V 1H

Input Clock, High

V ee +1.0

Vee

V

fl

Input Clock Frequency

t

r ,

ton'

tf

Input Clock
Rise & Fall Times
10% to 90%@
2.5 MHz

to"

Input Clock
On and Off Times
@2.5 MHz

C1
VOH

I nput Capacitance
Output, High @
0.70 mA
Output, Low @
0.75 mA

VOL
t

rOl

t

fo

ton' toff

100

Output Rise & Fall
Times, 500 pF Load
Output Duty Cycle
MK 50240P & MK
50242P
MK 50241P
(Pin 1650%)

100

2000.240

2500
30

FIG. 1

kHz
nsec

nsec

200

FIGURE

FIG. 1

FIG.1

10

pF

V ee+ 1.5

Voo

V

FIG.2

V ss - 1.0

Vss

V

FIG.2

2500

nsec

FIG.3

5

250

50

%
%

30
24

Supply Current

111-2

37

mA

outputs
unloaded

INPUT CLOCK WAVEFORM

V 1L

10%
50% ---t-----+-----~~

Figure 1

OUTPUT SIGNAL D. C. LOADING
MAX SOURCE
CURRENT = 0.7 MA

MAX SOURCE
CURRENT =0.75 MA

- 4

- 16
- 14

3

- 12
- 10
V OUT

V OUT

- 2

8
6

-

4

-

2

-

1

0.10.20.30.4 0.50.60.7

0.1 0.20.30.40.50.60.7

I SOURCE ~ V OUT

SINK CURRENT FROM CHIP Vss

SINK CURRENT TO CHIP Vpp

~

(OPERATING AREA)
Figure 2

111-3

-

(CURRENT OVERLOAD AREA)

OUTPUT LOADING

-16

-16
20k

Vee
MK

n

20.75 k

r---.--"I!VI....- - 16
5024X

MK 5024X

500 pf

1500 Pf-=

Vss

tlo

n

Vee

Vss

t.o

Test

Figure 3

111·4

Test
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MOSTEI(.

MaS DIGITAL ALARM CLOCK

MK50250 Series
FEATURES

o
o
o
o
o
o

o
o

Single-Voltage Power Supply
Intensity Control
Simple Time Setting
4-or 6-Digit Display
AMIPM and Activity Indicator
Selectable Input Frequency and Output Mode
MK 50250 - 12 hr160Hz or 24 hr 150Hz
MK 50253 - 12 hr 150Hz or 24 hr 150Hz
MK 50254 - 12 hr 160Hz or 24 hr 160Hz
24 Hr. Alarm
Snooze Alarm

PIN CONNECTIONS

DESCRIPTION

v"

The MK50250 is a versatile MOSILSI clock circuit
manufactured by Mostek using its depletion-mode, ion
implantation process and P-channel technology. The
circuit can be used to construct a digital alarm clock with
the addition of only a simple power supply, display, and
standard interfacing components. (See Typical Circuit
Configuration). The circuit is compatible with 4- or 6digit seven-segment multiplexed displays. An AMIPM
and circuit activity signal is generated by the chip. The
alarm operates in a 24-hour mode, which allows the
alarm to be disabled and immediately reenabled to
activate 24 hours later. The snooze inhibits an activated
alarm for 10 minutes.

S,

28

Voo

2

27 So
26 Sc

S,

3

S,

4

25 Sa

D,

5

24 SA

D,

6

23 AMI PM

D.

7

22 50/60 Hz INPUT

D,

8

21

ACTIVITY INDICATOR 0

~

9

20 NC

0

1

INTENSITY CONTROL
DISPLAY

ENABLE

HOURS 1Hz SELECT

19

SNOOZE

II

18

ALARM ENABLE

12

17

ALARM OUTPUT

10

TENS MIN SET

13

16

NC

HOURS SET

14

15

DISPLAY

MODE

FUNCTIONAL DIAGRAM
HOURS/Hz

Vss voo

SELECT

TEST

TEST

1

2

DIGIT 1
DIGIT 2

DIGITJ
OlGIT4

50160 HI

INPUT

DIGITS

DIGIT6

SA

5.
SO

SNOOZI:

SE

SF

ALARM ENABLE
ALARM OUTPUT

1+------+-1
AM/PM

DISPLAY ENABLE

'-----1

NOT RECOMMENDED FOR NEW DESIGN
IV-1

INTENSITY CONTROL

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
Voltage on any pin relative to VSS .................................... +0.3 to -18.0V
Output-Voltage Breakdown on any output relative to Vss ............. -18.0V @ 10 IlA
Operating Free-Air Temperature Range.....................................O"C to 55"C
Storage Temperature Range .............................. " ......•... -40·C to + lOOt
RECOMMENDED OPERATING CONDITIONS (0· C";; T
PARAMETER
Operating Voltage V
Relative to V ss

DO

Input Logic Levels
"1" Logic Level
"0" Logic Level

A

.,;;

55· C)

MIN

MAX

UNITS

-18.0

-9.0

volts

Vss-0.3
-18.0

Vss+0.3
Voo+0.5

volts
volts

Output Current
SA-SG, 0 6 -0 1 AM/PM
"1" Logic Level'
"0" Logic Level
,'Alarm Output Current
"1" Logic Level
"0" Logic Level

MAX

MIN

0.5

.,;;

55·C)
UNITS

NOTES

rnA

3

4
0,5
-5.0

Supply Current, I DO
Input Current
Tens Min Set, Hours Set
Hours/Hz Select
Alarm Enable,Snooze
50/60 Hz Input, Display Enable

9
1,2

ELECTRICAL CHARACTERISTICS (9V .,;; V ss - Voo";; 18V, 0 • C .,;; T A
PARAMETER

NOTES

50
5
5
-15

Notas: 1 , 50/60 Hz Input has 3 volts of hysteresis for noise protection.
2. "Display Mode" and "Intensity" are three-state inputs which
will self-seek third state if left open.
3. Output voltage equal to Vss-2.0 volts.
4. Open-drai" output.

5.
6.
7.
8.
9.

rnA
Il A

3
5

10

rnA

8

1000
100
100
-200

IJA
IJA
IJA
IJA

6

7

Output voltage equal to Vee +4.0 volts.
For power-up clear. capacitance to vss must net exceed 20pF.
Pull-up device provided on 60/60 Hz input.
Outputs open.
Pins 16 and 20 may be tied to Vss or left floating.

OPERATION
The MK 50250 requires a single power supply with a
voltage range from 9V .;; V ss -V DD ';;18,

o

VSS

-9

-18 ~$}acce~::le.

The intensity can be controlled either manually or
automatically (see "Automatic Intensity Control"
diagram).
The display can be blanked by connecting the Display
Enable input to Voo. Leaving this pin open allows
internal pull-up to Vss which enables the display.
This feature allows the display to be time shared with
other information.

When power is initially applied, both real time and
.
alarm time will be at 12:00:00 midnight in the 12 hr.
A Three-State Input IS one of the features which mode and 00:00:00 in the 24 hr. mode. Time keeping
MOSTEK has employe? o,,! the MK ~0250 to reduce begins when Hrs. Set and Tens Min. set are
system expens~ a~d sl~pllfy operation for the con- . simultaneously. taken to Vss. The units minutes digit
sum~r. By sWitching Display Mode. to .one of three can be advanced at a 2 Hz rate by connecting both the
possible states the mode of operation IS as follows: . Hours Set pin and the Tens Minute Set pin to Vss.
This also resets seconds to zero. The Tens Minute
pisplay Mode Input
digit will advance at a 2 Hz rate when the Tens
Minute Set pin is connected to Vss. The hours digit
Alarm Set
wil.Lbe advanced by connecting the Hr. Set pin to Vss.
V ss
The carry from one digit to the next more significant
Real Time
digit does not occur so setting should be performed
Open
from the least significant digit to the most significant.
Both pins have internal pull-down resistors and can
V DD
Count Inhibit
When in the Alarm Set mode, the alarm time is either be left open or tied to Voo when not being used.
displayed and may be altered using the time set
The chip can be used with either a 4- or 6-digit
procedure (see setting). In the Real Time mode, the
display. If digits 01 and 02 are not used to display
real time is displayed and may also be altered using
seconds and tens of seconds, the user is unable to tell
the same procediJre. Count inhibit halts the counting
if the circuit is active until the minutes digit changes.
of the clock. The display shows the halted time and
In order to more quickly determine clock activity, a
may be altered by the time set procedure.
colon or other indicator can be flashed at a 1 Hz rate
by connecting 01 to Vss. 02 can then be used to drive
The display outputs of the MK 50250 require the use
the colon or activity indicator. The 02 output used in
of seven-segment displays which can be multiplexed.
The scanning oscillator is completely internal and this mode occurs during 04 and 05 time so that the
requires no external components. As can be seen in decimal point for digits 04 and 05 can be used as a
the timing diagram, each digit is on 14.29% of the colon.
time required to scan all 6 possible digits when the
OPTIONAL ACTIVITY INDICATOR AND TIMING
intensity mode switch is on bright.
.

liD)

DIS'PLAY TIMING

01

vss

(9)

021-----;

I-I

NOTES:
1. CllPlav ICans digit 1 (unit I.el) to digit 6 (ten. hr,)
2. Segment polaritY II programmable.
3. Blanking tne IIne.rlv track, digit on tlma.

LI

The Intensity Control Input provides the following
degrees of display intensity:
Intensity Control Inpyt
V

S5

.Mode.
Bright

~~-------------~~~-------~------~~~-----

14.29%

Medium

7.20%

V

Dim

2.60%

DD

----------,0""'-------

~::_

Dllty Cvcle

Open

Digit
Inverted
to
Obtain
Colon
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The AM/PM output operates with an 85% duty cycle at
full intensity and conducts to V ss for PM indication.
If a "brown out" occurs, the AM/PM indicator will flash
at a 1 Hz rate to signify an incorrect display time. This
low power indication continues until proper power is reo
stored and the clock is reset.

The Snooze feature will temporarily turn off an activated alarm signal to allow an additional 10 minutes
sleep. Momentarily connecting snooze to Vss will
activate the'snooze. If left open, an internal pulldown resistor to Voo will maintain the snooze feature
inoperative.
ALARM OUTPUT

The Hours/Hz Select input is provided with an
internal pulldown resistor to Voo. The options
available are as follows:
Part
50250

Hours/Hz
Open orVOO
VSS
Open or VOO
VSS
Open orVOO
VSS

50253
50254

Mode
60Hz - 12
50Hz - 24
50Hz - 12
50Hz - 24
60Hz - 12
60Hz - 24

Hrs.
Hrs.
Hrs.
Hrs.
Hrs.
Hrs.

AUTOMATIC INTENSITY CONTROL
Voo
47 K

The Alarm Enable pin enables the alarm when
connected to Vss. If it is left open, it will disable the
alarm due to an internal pull-down resistor to Voo.
Whel1. alarm occurs it may be disabled and
immediately. re-enabled and will activate 24 hours
later at the alarm time. The output tone will be in the
range of 400-600 Hz, and has a 1/6dutycyclewhich
conducts to Vss 50% of the time at a 1 Hz rate.

Intensity Control
Clairex Electric
CL7D5L

TYPICAL CIRCUIT CONFIGURATION

SNOOZE

-_Vss

...

ALARM ENAILE

~YSS

ALARM OUTPUT

- - -__ yss
ALARM SET
., OPEN

REAL TIME

- - - - -_ _ v••
COUNT INHI81T

-=:t==----..
HOURS SET

______ V,,

L

v..

VIS

TENS MIN SET

L.--t"'DI'::pCCLA=-y-=E=.'::CBL-=E- v"

200.1\.

INTENIITY

c.:.::.;..::,:;:.:.:..:..t-.-/

v.o
CANODES)

COMMON
CATHODE
LEOS

DIGIT SELECT (CATHODES)

FIG I
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MOSTEI{.

SIX DECADE COUNTER / DISPLAY DECODER

MK50395/6/7
FEATURES
D
Single power supply
D
Schmitt Trigger on the count input
D
Six decades of synchronous up/down
counting
D
Look-ahead carry or borrow
D
Loadable counter
D
Loadable compare register with comparator output
D
Multiplexed BCD and seven-segment
outputs
D
Internal scan oscillator
D
Direct LED segment drive
D
Interfaces directly with CMOS logic
D
Leading zero blanking
D
MK 50396 programmed to count time:
99 hrs. 59 min. 59 sec.
D
MK 50397 programmed to count time:
59 min. 59 sec. 99/100 sec.
DESCRIPTION

PIN CONNECTIONS
FIGURE 1

The MK 00395 is an ion-implanted, P-channel MOS
six-decade synchronous up/down counter/display
driver with compare register and storage latches.
The counter as well as the register can be loaded
digit-by-digit with BCD data. The counter has an
asynchronous-clear function.
Scanning is controlled by the scan oscillator
input which is self-oscillating or can be driven
by an external signal. The six-decade register
is constantly compared to the state of the
six-decade counter and when both the register
and the counter have the same content, an
EQUAL signal is generated. The contents of the
counter can be transferred into the 6-digit latch
which is then mu:tiplexed from MSD to LSD
in BCD and 7-segment format to the output.
The seven-segment decoder incorporates a
leading-zero blanking circuit which can be disabled by an external signal. This device is
intended to interface directly with the standard
CMOS logic families.
The MK 50396 and MK 50397 operate identically
to the MK 50395 except that two digits in each
were reprogrammed to provide divide by six
circuitry instead of divide by ten. The MK 50396 is
well suited for industrial timer applications while
the MK 50397 is best suited for stop watch or realtime computer clock applications.
V-1

OPERATIONS:
SIX-DECADE COUNTER. LATCH
The Carry output goes high with the leading edge
of the count input at the count of 000000 when
counting up or at 999999* when counting down
and goes low with the negative going edge of the
same count input.

The six-decade counter is synchronously incremented or decremented on the positive edge of the
count input signal. A Schmitt trigger on this input
provides hysteresis for protection against both a
noisy environment and double triggering due to a
slow rising edge at the count input.
The count inhibit can be changed in coincidence
with the positive transition of the count input; the
count input is inhibited when the count inhibit is
high.
The counter will increment when the up/down
input is high (Vss) and will decrement when the
up/down input is low. The up/down input can be
changed 0.75 /lS prior to the positive transition of
the count input.
.

A count frequency of 1 MHz can be achieved if the
Equal output. Zero output and Carry output are not
used. These outputs do not respond at this
frequency due to their output delay. as illustrated
on the timing diagram, Figure 3.
SIX-DECADE COMPARE REGISTER
The register is loaded identically as described in
the load counter paragraph. The register may be
loaded independently of the counter. However. the
Clear input will not remove the register contents.
Contents of the register are not displayed by the
BCD or seven-segment outputs.

The clear input is asynchronous and will reset all
decades to zero when brought high but does not
affect the six-digit latch or the scan counter.
As long as the store input is low. data is
continuously transferred from the counter to the
display. Data in the counter will be latched and
displayed when the store input is high. Store can
be changed in coincidence with the positive
transition of the count input.
The counter is loaded digit-by-digit corresponding
to the digit strobe outputs. BCD thumb wheel
switches with four diodes per decade connected
between the digit strobe outputs and the BCD
inputs is one method to supply BCD data for
loading the counter decades.
The load counter pulse must be at vss 2 microseconds prior to the positive transition of the digit
strobe of the digit to be loaded. The load counter
pulse may be removed after the positive transition
.of the digit strobe since the chip internally latches
this signal. The BCD data to be loaded must be
valid through the negative transition of the digit
strobe.

BCD & SEVEN-SEGMENT OUTPUTS
BCD or seven-segment outputs are available. Digit
strobes are decoded internally by a divide-by-six
Johnson counter. This counter scans from MSD to
LSD. By bringing the SET input low. this counter
will be forced to the MSD decade count. During
this time, the segment outputs are blanked to
protect against display burn out.
BCD outputs are valid for MSD when SET is low.
Applying Vss to SET allows normal scan to
resume. Digit 6 output is active (VSS) until the next
scan clock pulse brings up the digit 5 output.
The segment outputs and digit strobes are blanked
during the interdigit blanking time. Leading zero
blanking affects only the segment outputs. This
option is disabled by bringing the LZB input high .
Typically. the interdigit blanking time is 5 to 25
microseconds when using the internal scan
oscillator.
BCD output data changes at the beginning of the
interdigit blanking time. Therefore, the BCD output
data is valid when the positive transition of a digit
output occurs.

INPUTS. OUTPUTS
The seven segment outputs are open drain and
capable of sourcing 10mA average current per
segment over one digit cycle. Segments are on
when at Vss. The Carry. Equal. Zero. BCD and digit
strobe outputs are push-pull and are on when at
Vss. All inputs except Counter BCD. Register BCD.
and SCAN inputs are high-impedance CMOS
compatible.
Three basic outputs originate from the counter:
Zero output. Equal output. and Carry output. Each
output goes high on the positive- (VSS) going edge
of the count input under the following conditions:
The Zero output goes high for one count period
when all decades contain zero. During a load
counter operation the zero output is inhibited.
The Equal output goes high for one count period
when the contents of the counter and compare
register are equal. The equal output is inhibited by
a load counter or load register operation. which
lasts until the next interdigit blanking period
following a negative transition of Load Counter or
Load Register.

SCAN OSCILLATOR
The MK 50395 has an internal scan oscillator. The
frequency of the scan oscillator is determined by
an external capacitor between Vss or Voo and the
scan input. The wave form present on the scan
oscillator input is triangular in the self-oscillate
mode.
An external oscillator may also be used to drive the
scan input.
In the internal drive mode. the interdigit blanking
time will be the sum of the negative dwell period of
the external oscillator and the normal selfoscillate blanking time (5 - 25 /lsec). Display
brightness can be controlled by the duty cycle of
the external scan oscillator.

'Carry occurs at 99 59 59 for the MK 50396 and 59 59 99 for the MK 50397
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Typically. the scan oscillator will oscillate at the
following frequencies with these nominal
capacitor values from Vss to the Scan input:

Min

M...!!!..

820pF

1.4kHz

4.8kHz

470pF

2.0kHz

6.8kHz

120pF

7.0kHz

20kHz

FUNCTIONAL DIAGRAM
FIGURE 2
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ABSOLUTE MAXIMUM RATINGS
Voltage on Any Terminal Relative to Vs~ ............................ +0.3V to -20V
Operating Temperature Range (Ambientl .•.•........................ 0° C to +70° C
Storage Temperature Range (Ambient).•...•...•.................... -40°C to +100°C
MAXIMUM OPERATING CONDITIONS

PARAMETER

MIN

MAX

UNITS

TA

Operating Temperature

0

70

°C

Vss

Supply Voltage (V DO = OVI

10

15

V

Iss

Supply Current

30

mA

Bv

Break-Down Voltage
(Segment only @ 10 /lA)

Po

Power Dissipation

NOTES

1

V

Vss -26

mW

670

2

ElECTR ICAl CHARACTERISTICS
(Voo = OV. Vss = + 10.0V to + 15.0V. OOC .,; TA"; 70°C)
Static Operating Conditions

PARAMETER

MIN

V 1L

lriput Low Voltage. "0"

Voo

V 1H

Input High Voltage, "1"

Vss-1

VOL

Output Voltage "0" @ 301l A

V OH

Output Voltage "1" @ 1.5 mA

I OH

Output Current "1"
digit strobes
segment outputs

I SCAN Scan Input Pullup Current @ OV
Input Pulldown
I SCAN Scan
Current @ 15V

SET Input Pullup Current @ OV

I SET

MAX
20% of vss
V ss
20% of vss

80% of VSS

3.0
10.0

UNITS

NOTES

V
V

3

V

4

V

4

mA
mA

5

5.5

mA

2

40

Ilft.

5

60

IlA

NOTES;
1.

2.
3.
4.
6.
6.

Iss with inputs and outputs open at ooc 2amA at 25°C and 25mA at 70°C. This does not include segment current.
Total power per segment must be limited so as not to exceed power dissipation of package. (f)JA = 100°C/Watt)
All outputs loaded.
MIN VIH from RA. RB Rc Ro CA CB Cc Co inputs is Vss -2.5V. Those inputs have internal pUlidown resistors to VOD.
This applies to the push-pull CMOS compatible outputs. Does not include digit strobes or segment outputs.

For VOUT =Vss -2.0 volts. Average value over one digit cycle.
For VOUT = vss -3.0 volts. Average value over one digit cvcle.

V-4

6

Dynamic Operating Conditions

SYM

PARAMETER

MIN

tCI

Count Input F.requency

0

f SI

Scan Input Frequency

0

t CPW

Count Pulse Width

t SPW

MAX

1.00
20

UNITS
MHz

NOTES

7. 8

kHz

400

ns

Store Pulse Width

2.0

f.lS

t ss

Store Setup Time

0

f.ls

10

t CIS

Count Inhibit
Setup Time

0

f.ls

10

9

Up/Down Setup
Time

- 0.75

f.ls

10

tcpw

Clear Pulse Width

2.0

f.ls

10

t cs

Clear Setup Time

-0.5

f.ls

10

tOA

Zero Access Time

3.0

f.ls

10

t OH

Zero Hold Time

1.5

f.ls

10

tCA

Carry Access Time

1.5

f.ls

10

t CH

Carry Hold Time

0.9

f.lS

11

tEA

Equal Access Time

2.0

f.lS

10

t EH

Equal Hold Time

1.5

f.lS

10

tL

Load Time

t UDS

1/6 fSI

NOTES:
7
8.
9.
10.
11.

Measured at 50% duty cycle.
If Carry, Equal, or Zero outputs are used, the count frequency Win be limited by their respective output times.
The count pulse width must be greater than the carry access time when using the carry output.
The positive edge of the count input is the t - 0 reference
Measured from negative edge of count input.
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TIMING
FIGURE 3
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NOTE:
The inhibit function of the Zero or Equal outputs does not
end when the Load Counter input goes to a "0" unless
that transition occurs during interdigit blanking period at
least 2.0 ,",sec prior to a positive transition of a digit
output. This same timing restriction hold for Equal and
Load Reg)ster.

MOSTEI(.

MK50395
---------- SERIES COUNTERS

Application Note

MOSTEI(S
SI~DECADE

COUNTER/DISPLAY
TOTALIZER

V·7

Application Information Using Mostek's
Six-Decade Counterl Display Totalizer
FUNCTIONAL DIAGRAM

BCD OUT

7 SEGMENT
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<::=;~;]--,

STORE

EQUAL

UP! DOWN
CLEAR

CARRY

0---------1

COUNT'~-'-'

COUNTER
BCDIN

The MOSTEK MK 50395 has been developed, after
careful counter application analysis, as a counting
system for most needs. The functional diagram
shows that the system consists of six synchronous,
up-down decade counters with a data store and an
auxiliary storage register that may be compared with
the counter value. The circuit is relatively insensitive
to power supply variation, and can interface with
CMOS logic using power supplies in the la-to 15volt range. Counting speeds up to 1.0 MHz are permissable and the circuits are readily cascaded.
Positive logic, i.e., logic 1 is the more positive level,
is used in the following description:
THE COUNTER
The positive-going edges of a pulse train at the
COUNT input (pin 36) are standardized by an
internal monostable to a fixed pulse width, thereby
giving only a minimum value to the time for which
the input pulse must stay high. This pulse is
applied synchronously to the six decades and, if the
UP IDOWN input is a logic 1, .the counters will be
incremented. If at logic 0, then the counters will be
decremented. At any time, the value in the counter
will be set back to zero if the CLEAR COUNTER
input goes to a logic 1 for 2 ps or longer. This
resetti ng action occurs whether or not there is a
counting input pulse train.

any desired value into the counter. This is done sequentially, decade-by-decade, under control of the
LOAD COUNTER command, in the following manner.
If LOAD COUNTER is taken to 10!lic 1 a minimum of
2 microseconds prior to the positive transition. of
the digit output of the digit being loaded, the chip
will latch this command and the BCD data presented
to the counter will be loaded on the ne!lative
transition of the digit strobe. It is thus possible to
load each of the 6 counters indivi9ually, if required. While the counter is being loaded, the c"unting input is inhibited. Internally, the load counter
command is synchronized to the scan oscillator.
Thus, if load counter is brought to a logic zero in the
middle of a digit strobe, the counter will remain
inhibited until the next interdigit blanking time. A
separate COUNT INHIBIT control is provided to stop
the applied count inputs from being accepted while
this signal is a logic 1.
The counter section has two control outputs, a
CAR RY from the most significant decade and a ZE RO
SIGNAL that indicates wheri the counter contents
are zero. These signals are suppressed during LOAD
COUNTER operations to avoid a spurious output
being given during a counter presetting operation.
COMPARISON AND REGISTER
The six-digit storage re!lister may be preset to any
value by bringing the LOAD REGISTER signal to
logic '1. The presetting sequence is exactly the same

In addition to resetting, it is also possible to preset
V-8

UP/DOWN COUNT TIMING
999999

1 00000o 19999991999998

9999991 000000

10000011000000

COUNT

UP/DOWN

COUNT INHIBIT

CARRY

__~~~______~Il~_________________

u

ZERO

EQUAL
(REGISTER PRESET

TO 999999)
CLEAR

as for the counter. The value on the REGISTER BCD
INPUTS is loaded decade-by-decade by the six digit
signals in the order "most significant'· (digit 6) to "least
significant" (digit 1 I. The outputs of this register are
compared continuously with the value currently in the
counter. This comparison is made in parallel and not
decade-by-decade. When the two values are the same,
an EQUAL signal is given. However, during presetting of
the counter the CARRY, ZERO and EQUAL signals are
inhibited so that no false, intermediate comparison
result is given. Since the counter and the register have
separate BCD inputs, both may be preset simultaneously if desired. The value held in the register can
only be altered by the BCD inputs. The Count Input is not
inhibited during load register operations.

LOAD COUNTER, REGISTER TIMING
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DIGIT SCANNING AND OUTPUT FUNCTIONS
The digit scan counter is timed from an internal
oscillator which may be driven externally from the
SCAN input. A capacitor attached from Vss to this pin
will determine the scan frequency when external logic
drive to this pin is not used.lntenal circuitry gives a fixed
delay to the DIGIT OUTPUT signal to ensure that there is
a gap between each digit strobe so that a "ghosting"
effect in a displayed output due to the storage time of
external display driver transistors is eliminated. This is
the interdigit blanking time. Typically, this time can
range from 3 to 10 microseconds.
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the SET input is used to force the digit strobe
counter to the digit 6 position for purposes of
synchronizing the counter output. The digit
counter outputs are gated by the interdigit blanking
period and appear as DIGIT STROBE OUTPUTS.
The counter outputs are not directly multiplexed
but are buffered by a 6-digit latch controlled by the
STORE command. The out-puts of the latch go
directly to the output multiplexer. Thus, when the
STORE signal is at logic 0, the counter contents are
directly available, but as soon as STORE goes to
logic 1, the value present as the signal changed is
retained and subsequent changes in counter value
are ignored. The contents of the store are read out,
digit-by-digit - the scan counter again performs
this function in the order most-significant to leastsignificant - and appear on BCD OUT pins. The
four bits in each BCD digit are encoded simultaneously to seven-segment code and appear as
SEGMENTS OUT and can be used to drive a
suitable 7-segment display. The SET operation will
also turn off these seven outputs, blanking the
display, as well as setting the digit counter to digit
6. This is to prevent possible destruction of an LEDtype display when SET is a prolonged signal.
Frequently it is required to display only significant
numbers, in which case taking the LZB control to a
logic 0 will blank the leading zeros in the sevensegment output.
INTERFACING WITH THE MK 50395
The wide range of power supply, 10.0 - 15.0 volts.
makes the counting system particularly suitable for
interfacing with CMOS logic.
A. Segment output - these transistors can
source 10 mA from theVss supply. There is no
internal pull-down to Voo when the transistor
is turned off. These transistors are capable of
driving small LED displays directly via series
resistors.
B. Digit outputs - a push-pull configuration is used
here as the most suitable arrangement for driving
both external logic and display drivers. These
outputs supply 3.0 mA max from Vss and sink
30llAtoV oo .
When higher-power displays are used, the
segment outputs should be buffered by an emitter
follower in order to provide the extra current.
'The BCD OUTPUTS. EQUAL, ZERO and CARRY
are also push-pull. Output drive capabilities are listed
in the following table:
VOL

VOH
VSS-3V at 10mA
(average over ane
digit strobe cycle)

Digit Outputs
IPlns 24·29)

Voo at no load
20% of vss at 30 ,..A

VSS-2V at 3.0mA

Equal/Zero/Carry
IPlns 23,39,38)

Voo at no load
20% of Vss at 30 ,..A

VSS -2V at 1.SmA

Segment Ou tpu t
IPlns4·10)

SEGMENT DRIVER
MK503ge
vss
vss
--<~=~------_ +12

......

----,E~r.::M~c..

l

iI ALL
SEGMENT
DRIVERS

,

SEGMENT A

VDD

I

O.

,

I
4

--~

O.OlflF,

22K
_ _~H-..IlV~DD
_ _ _ _....J22,

~~~ ~TJWI~E:~iNAlED

UK

i't?N':.M~~R ALL

2.2K ,.aOV

L. _______ ISEGMENT DRIVERS

DIGIT DRIVER
~~-~-------~---'~~
2.2K
PUSH PULL
DRIVER

2.2K

VDD Ow·

VDD -+-----i~

47K

+----l.:..::!!!!......--"I""-·aov

DRIVING LED DISPLAYS DIRECTLY

The following inputs, COUN..L...STORE, UP/DOWN..!
COUNT INHIBIT. CLEAR, LLts, LOAD REGISTEM
have no internal current sources and must therefore
be driven from sources that give correct logic 1 and 0
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levels - open collector circuits, or switches without pull
down resistors for example, may not be used. If any of
the above functions are not required then those pins
should be tied to the appropriate s.!,!QQly, that is to VSS
for logic 1 and VDD for logic O. SET has an internal
transistor that pulls the pin to VSS if unconnected thus
the driving circuit should be able to sink this current,
approximately 60 p.A, when pulling the input to logic O.
The COUNTER BCD and REGISTER BCD inputs have
two internal transistors one static and one switched as a
precharge, that pull to VDD. The static current is < 350
p.A to VDD when the input is taken to VSS, the dynamic
current from VSS is 1 mA while the transistor is on. The
dynamic precharge ensures that even with the large
capacitive loading and leakage current of a switch
matrix at these pins, the correct data will be entered at
the maximum digit scan frequency.

register or counter. As the DIGIT STROBE switches
back to logic 0, the next interdigit blankinf! time begins and the inputs are all pulled back to logiC 0 again
by the internal precharge. It ispossiblefortheDIGIT
STROBE outputs to drive both the switch matrix
and a display. If the COUNTER & REGISTER BCD
inputs are connected in parallel they may still be
driven directly from the DIGIT STROBE outputs.
SCAN FREQUENCY VS EXTERNAL
CAPACITANCE
20

/

TYPICAL VALUES I Vss

=+

12VOLT

(!!5%OVER FULL VnRAHGE)

15
SCAN

FREQUENCY

An e'xample of a switch matrix input illustrates this
operation,. Six binary-coded-decimal switches are
used, one for each decade, the switches being enabled
by the corresponding DIGIT STROBE output, with
the paralleled switch outputs connected to the
COUNTER (or REGISTER) BCD inputs. The DIGIT
STROBE outputs are separated by the interdigit
blanking time and it is only during this time that the
precharge transi~ors at the BCD inputs are all pulled
to logic 0 (V DD). After this blanking time, the next
DIGIT STROBE output will in its turn switch to logic
1 (only one out of six is ever on) and pull those BCD
inputs selected by the switch and diode matrix to
logic 1. Th is value i~ loaded into the corresponding
register or counter stage, i.e. the switch matrix driven
by DIGIT STROBE 6 will be loaded into MSD of the
BCD SWITCH MATRIX
alliARY CODE DECI.....L swrn:::H,
I ptA D£ColOE

,
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Pili 21 (,lFI

When the scan oscillator is free running, the SCAN
input may use an external capacitor to set the scanning
frequency to a particular value. The signal seen at the
pin is a ramp determined by the capacitance, followed
by a period clamped at Vss. This period clamped at
Vss is determined by the internal oscillator and is the
interdigit blanking period. During this time, the DIG·
IT STROBE outputs are all turned off. When the
SCAN input is driven externally, this fixed interdigit
period remains plus the time at which the synchronizing signal is at logic O. To make the interdigit blanking time independent of the external synchronizing
signal requires only the addition of a resistor and capacitor as shown on page 50.
Referring to the External Drive To Scan Input drawing on page 50, time a is the interdigit blanking
time.
..
.
Time b should be greater than 2/.1s-a range of 2-5/.1s
is suitable-and time c may be from infinity to 30/.15. If
time c is made too short, then the interdigit blanking
circuit never resets itself and will stay at logic 0 and
no DIGIT STROBE outputs will appear.
TYPICAL MK 50395 APPLICATIONS
BATCH CONTROL
In many situations involving the metering of material,
whether as a liquid, individual items or revolutions of
a spindle, a two-step operation is required for better
efficiency. The flow is started at the maximum speed
and at a preset point before the end of the operation
a signal is required to slow down and eventually stop
the equ ipment. Such applications cou Id be as diverse
as filling sacks with cement or controlling the turns
on a transformer bobbin. In the system shown on
page 50, pressing the start switch allows the input
to the 0 flip-flop to go to logic 1. This is clocked by
DIGIT STROBE 6 so that a synchronous signal at
least one complete scan counter cycle
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EXTERNAL DRIVE TO SCAN INPUT
MK50395
vss--------~--ar~r_--

VDD------------~r_+-

SCAN PIN 21-:::r'i"":-----~rr----------

~Io-

POINTA~
POINT B

long is obtained. This signal is used as LOAD COUNT·
ER and LOAD REGISTER, the two controls being
tied in parallel for simultaneous loading. It does not
matter how long the load signal is so long as it is at
least one scan cycle long and changes synchronously
with the scan signal. The two values representing
total quantity and "slow·down" quantity are set on
the digit switches and these values are loaded at the
beginning of each cycle. Once the counter register
loading is complete, a start signal is generated to set
the equipment in operation. While the train of pulses
representing the measured quantity is counted, the
UP/DOWN control is in the down mode. Thus with
two quantities at, let us say, 10,000 and 500 the
counter starts off with 10,000 loaded and counts to·
ward zero. When the counter reaches 500, an EQUAL
signal is generated and this sets the signal controlling
the brake. After a further 500 pulses, the counter
reaches zero, an output on the ZERO pin resets the
start flip flop and the equipment is brought to reset
awaiting a new start signal. In such an operation the
display outputs would probably not be used.
This application can be extended by using the ZERO
output to control the UP/DOWN input. The operation is identical but the start signal also sets a latch
into the count down state. As ZE RO is detected this
latch is reset so that the counter mode is now up. Even
with a braking facility there may be an "overrun" and
the value now held in the counter and displayed is the
extra quantity. The operator may now decide if this
extra quantity is within the tolerance allowed for the
job and to take whatever action is necessary.
POSITIONAL MEASUREMENT
Positional measurement can readily be made using
this circuit. The six decades gives considerable ac-

curacy in one package. The two quadrature signals
from a graticule-type displacement measurement system must be converted to count impulses and an UP/
DOWN signal. If the measurement zero datum is in
the middle of the measurement area then the following counting conditions arise:
Direction
of Movement

Displayed sign Count
direction
+or of Datum

RIGHT

-

DOWN

RIGHT

+

UP

LEFT

+

DOWN

LEFT

-

UP

ZERO DATUM
CROSSED
ZERO DATUM
CROSSED

Each time the zero datum is reached and each time the
direction of movement is changed, the count direction must be changed. The value displayed thus represents the position either side of the zero datum.
The storage register may be used as a means of limiting the travel of the measurement piece. If a value
equal to the limit is loaded into the register, the
EQUAL output may be used to give a warning that
the limit is reached.
It will have been noted from the delay of EQUAL
and ZERO to the COUNT edge that ZERO has much
longer propagation delay than the EQUAL
output. In the event that the register is not used, it
maybe loaded with zeros- by giving a LOADREGI5TER command with the BCD inputs as zeroand the EQUAL output then used as zero detect.
This has the advantage of increasing the system speed,
for, although the counter can accept inputs up to 1.0
MHz, the propagation delay of the outputs is too long
to allow a control signal to be changed between clock
pulses at this counting rate. In this example, UP/
DOWN has to be controlled, and using the faster out-
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DISPLAY

J'\.J\J"L COUNT

MOVEMENT RIGHT

SET LIMIT

MK50395
SET DATUM
MOVEMENT
LEFT

VDD

put enables a higher counting speed, 600 kHz
instead of 300 kHz, to be used if necessary.

GREATER THAN -

LESS THAN

COUNT (PIN 36)

GREATER THAN - LESS THAN DETECTION
The availability of an EQUAL output facilitates the
generation of greater-than and less-than signals. The
only requirement is that the circuit is set into the correct initial state. When the counter has the same value
as the register, the generation of the "greater/less
than" signal depends on the direction of count, i.e.
from this EQUAL condition count up gives "greater
than" and count down gives "less than". EQUAL is
gated with UP and with DOWN and these are con·
nected to the D inputs of two D flip·flops that are
both clocked by the counting pulse. As EQUAL is
reached, the two flip flops are reset but the next
count pulse after the EQUAL condition will set one
of the fl ip flops and thereby provide the appropriate
signal.
AUTOMATIC STOP
The COUNT INHIBIT input may be used to stop the
counter automatically when the EQUAL or ZERO
outputs are connected directly to this input. As
EQUAL, for example, goes to a logic 1, then further
counting is inhibited when this signal is connected
directly to COUNT INHIBIT. Since no more count
inputs are accepted, the EQUAL value remains and
blocks the counting action. The operation of CLEAR,
LOAD REGISTER or LOAD COUNTER can be used
to start the system counting again.
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MORE APPLICATIONS
The following applications resulted from an ad
contest sponsored by Mostek. These applications
represent a cross section of uses for the M K 50395
family and are intended as a guide for applying the
counter circuit.
The type of display is left to the user to design into
his particular application. The MK 50395 series was
designed to allow direct drive of efficient display
systems. If the current requirements of a display
exceed the specifications of the MK 50395 series, external segment drive circuitry will be required.
Power supply voltage range, wattage, filtering, and
decoupling must be observed in all applications. The
MK 50395 series was designed to keep power supply
restrictions to a minimum.
100 MHz FREQUENCY COUNTER
In most counter applications, the problems associated
with prescaling result in a loss of resolution, or the
need for longer count sample times. This application allows the MK 50395 with some associated
circuitry to count at 100 MHz with a one-second
gate time achieving one-Hz resolution.
The MK 50395 counts the input frequency after a
divide-by-100 using an SN74S196 and an
SN74196. Frequency sample time is achieved by a
one MHz crystal in conjunction with the MK 5009
time base in the -;- 10 6 configuration, followed by a
divide-by-

two to give a one-second logic one level. This is
applied to the count/load input of the SN74S196
and SN74196 counters. The 10's-of-Hz and one'sof-Hz data is retained in these two counters for
later display. Actually, only a count of 99.9999
MHz may be displayed as the MK 50395 would
display all zeros and a carry would be generated
at the next higher cou nt.
At the end of the one-second sample time, a store
is generated and the count data is latched into the
display.
A clear counter pulse is generated to ready the M K
50395 for the next data cycle. If the MHz-Hz switch
is in the MHz position, the preceeding cycle will again
occur at the next gate sample time. Load counter is
also disabled in the MHz position.
With the MHz-Hz switch in the Hz position, the
first 'h SN7474 is enabled and is clocked at the
end of every pulse, which clears the MK 50395.
The second SN7474 also changes state, enabling the
SN74151 which controls the MK 50395 load counter input, and the Hz cycle begins.
At the end of every clear MK 50395 pulse, SET is
brought low to sync the MK 50395 with the rest of
the circuitry.
The MK 50395 loads digit Six with digit Four data
into the BCD counter.
The digit four data was
stored in the SN7475 latch at the previous digit
four time.
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The SN7490 is advanced one count at the digit six
time at the start of the sequence.

be a p.A 733. Timing diagrams for the MK 50395
and the associated circuitry are provided to further
describe the various functions.

Latch Digit Four Data,
Load Into Counter Digit Six

DARKROOM TIMER - A TYPICAL APPLICATION

Latch Digit Three Data,
Load Into Counter Digit Five
Latch Digit Two Data,
Load Into Counter Digit Four
Latch Digit One Data,
Load I nto Counter Digit Three
At this time, the output of the SN7490 is decoded to
select via the SN74153's first digit two data, then
digit one data is selected which at the end of sample
time was stored in the SN74196 and SN74S196. So
the sequence is continued.
Latch Digit Two Data
Load Into Counter Digit Two
Latch Digit One Data
Load Into Counter Digit One
At the beginning of the eight count of the SN7490
several things take place. The MK 50395 is furnished with a store pulse to display the shifted
aata. A clear is applied to the MK 50395 to ready
it for a new cycle.
The divide-by-two action of the first '12 SN7474
allows the second clear clock to have no effect at the
second clear pulse. The SN74S196 and SN74196
are cleared. The second Y, SN7474 is preset which
disables the load counter SN74151. The SN7490
is reset to zero.
To improve front end sensitivity, a suitable wideband amplifier may be used. A typical device would

A darkroom timer capable of being set for time
periods from 99 minutes and 59 seconds is illustrated.
The time interval to be set is entered into the BCD
thumbwheel switches.
Upon pressing the start
button, the time indicated on the thumbwheel
switches causes the counter to be loaded identically.
Diode CR 1 loads the register for a prewarning signal
(8 seconds in diagram) prior to the end of the time
interval so the operator can be alerted to the fact that
the time interval is about over.
Resistor network Rl, R2 lowers the 60Hz line
voltage so that the positive peak does not exceed
Vss. Otherwise. damage to the circuit could occur.
The counter input is driven directly from the 60 Hz
line frequency and the two LSD's are not monitored by the display since they perform a divide
function in this application. The LED display will
present the time remaining. since the counter is in
the count down mode. If an illegal entry is made.
such as binary 12. (11 DO), the display will show
"E" in the digits containing an illegal entry. The
counter will eventually "count out" the "E". but. of
course. the time interval will not be useful. Also. it
is possible to load illegal time such as 75 seconds.
This illegal time will result in an error in timing.
Sequence of Events
Assume a time interval of 1 minute. 45 seconds
has been selected and programmed into the
thumbwheel switches.
1. PreSSing the start button completes loading 1
minute 45 seconds into the counter. The register is
loaded with the eight-second prewarning signal.
The relay is activated. which allows the count
down sequence to begin. (The display will imme-
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diately show 1 :44, because the - 60 stage will be
counting down the 60Hz input.) The relay also
turns off the safety light and turns on the exposure
light.
2. When eight seconds to time-out occurs, the equal
output goes to VSS momentarily, tu rn ing on SC R 1
which lights an LED warning light that indicates the'
time interval is about over.
3. When the counter hits zero time, the zero output
inhibits any further count input. The zero output
also provides bias to turn on amplifier A1 to turn off
relay driver amplifier A2, so the safety light will come
on as the exposure light turns off.
4. The reset switch is used to turn off theSCR for
the next time sequence.
DIGITAL TUNING INDICATOR
The MK 50395 is used to count and display frequencies of the FM frequency bands.
The frequency being sampled is buffered to TTL
logic levels, then divided by 100 with anSN74S112
JK flip-flop, an SN74S196 and an SN7490. Transistor Q1 then shifts the TTL logic levels to MOS
logic levels.
The CMOS RC time base is adjusted to oscillate at
1 kHz and is then divided by two to produce the
necessary 500Hz time base.

UN SECONDS

SECONDS

and whether high,side or low-side injection is used
in the receiver.
In a typical FM receiver with High-side injection.a
dial setting of 88.7 MHz means the local oscillator
output would be 99.4MHz. To offset the 10.7MHz
(88.7 + 10.7). the counter would be preloaded to
999893 (000000 minus 107).
This effectively
subtracts the 10.7MHz thus displaying the dial
frequency. After each sample time, the MK 50395
counter IS reloaded, readying it for the next count
cycle. For low-side injection receivers. the preset
would be 107 (00000 plus 107). ThIS effectively
adds 10.7MHz to the count. The decimal point of
Digit two may be wired to +V through a resistor to
produce the decimal in thE! FM mode.
To calibrate the time' base, an oscilloscope or frequency counter may be used. However, careful adjustment at the low and high end of the counter display would be sufficient.
N PULSEfI
The N Pulser was designed to gate a specific number
of pulses. Its design uses a minimum of external
circuitry.

At the end of the count sample time, a store is
generated to latch the data into the display.

The number of pulses to be gated are entered into
the thumbwheel switches. This value is lo.aded into
the BCD Register with the LOAD button. When the
MK 50395 counter reaches this value. the MK 50395
EQUAL output goes high. The pulse string is then interrupted.

The placement of the diodes which determine the
value to be loaded in the MK 50395 counter is
dependent on the frequency of the local oscillator

To control frequencies above 500kHz, a suitable
prescaler could be used at the MK50395 count
input, and compensated by the value entered into
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CONTINUOUS RATE-INDICATING THERMOMETER
The MK50395 displays the result of a program of
eight periods (PO through P7) under control of a
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prog'ram counter (CD4022) which is driven by a
program oscillator having independent controls for
its frequency and its duty cycle. The output of the
program oscillator is differentiated to supply a clock
pulse to the program counter for each half cycle of
the program oscillator. The program counter has
eigl'lt decoded outputs which are used to time the
program periods PO through P7.
A voltage-controlled oscillator in conjunction with a
thermistor converts temperature into frequency.
After the initial calibration, it is desireable that the
VCO be stable to maintain accuracy of temperature
change indications, which occur during P4 and P6
times.
During PO, the PO output of the program counter
is high and the counter of the MK 50395 is reset.
During Pl, the MK 50395 counter is incremented
at the rate of the pulses furnished by the temperaturesensitive oscillator. When the counter reaches equal·
ity with the register, the counter is reset to zero
and continues counting until the end of Pl.
The length of the positive·going half·cycles of the
program oscillator (during Pl, P3, P5 and P7) is
selected so that durin~ the period Pl, the number of
cycles of the temperature-sensitive oscillator
(which are counted) changes with temperature at
the rate of one thousand cycles per degree (either F
or C). For example, if the frequency of the temperature-sensitive oscillator is 75kHz at 70°F and
changes at the rate of 1000 Hz per degree change
of temperature, the positive-going half-cycle of the
program oscillator is selected to equal 1.0 second

vary the count of the 50395 counter (at the end of
P1) by 1000 counts per degree. The register is preloaded with a quantity to calibrate temperature. In
the
above example, the register is preloaded with the
quantity 80,000 so that the counter stands at 70,000
(150,000-80,000) at the end of P 1 indicating a
temperature of 70°F. Only the three most significant
digits of the MK 50395 counter are displayed for
temperature, and the display indicates the tempera,
ture in degrees, 70, 71, etc. The leading zero is
blanked.
The three most significant digits of the counter
indication are set into the MK 50395 latch dUring
P2, but not before the three least significant digits
of the counter are loaded to a quantity equal to
that stored in the three least significant digits stored
in the latch. These counter digits are set by bring·
ing the load counter pin 31 high at the end of digit
4 thru digit 1 time and then bringing the store pin
15 low after the leading edge of 03, 02, and 01
with a delay. The four BCD output pins 11-14
are connected directly to the four counter inputs,
pins 16·19. In this way the three least significant
digits are retained in the latch and the three most
significant digits of the latch are set to the current
temperature. The three least significant digits in the
latch store the current rate of change of temperature
which is calculated during subsequent periods of the
program.
During P3, the MK 50395 counter is reset.
During P4, the MK 50395 counter is again ready to
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count the pulses produced by the temperaturesensing oscillator for an entire period, during which
the content of the register is ignored.
During P5, the sign flip·flop is reset so that the
MK 50395 counter counts down during the following period. During P6, the MK 50395 is again ready
to count up the temperature sensitive oscillator for
one half cycle, and count down from the state
arrived at at the end of P4. If the temperature has
not changed in the interval between P4 and P6,
the MK 50395 counter will stand at zero at the
end of P6. If the temperature has decreased since P4,
the counter will stand at some number which is
proportional to the rate of change in temperature.
If the temperature has increased between P4 and P6,
the MK 50395 counter is counted down to zero
before the end of P6. When this occurs the sign
flip-flop is set, and the level at pin 40 goes high,
changing the mode of counting from down to up.
At the end of P6, the MK 50395 counter stores
a quantity which is proportional to the rate of
change of temperature. If the sign flip·flop remains
reset after P6, it provides a signal to the negative
sign display associated with the rate display.
The durations of the periods of the negative-going
half-cycle of the program oscillator are chosen so
that the rate identifying contents of the MK 50395
counter are in units of degrees-per-hour. Since the
change of temperature is less than 1000 per hour,
only the lowest three digits of the counter contain
significant information, with the three higher orders
standing at zero. During P7, the current temperature
data from the three highest digits of the latch are
set into the couriter by bringing the load counter
pin 31 high from the leading edge of D1 thru D4.
The contents of the counter are then stored in the
latch by bringing pin 15 up after a delay. The
program counter is reset to zero at PO and the entire
program is repeated successively. Display of tem-

01

perature and rate of change is continuous, with the
negative sign blanked during P5 and P6.
The temperature calibration data is entered into the
register by operation of several manual switches. The
CD4043 latches allow the digits of the BCD Register
to be loaded individually and not alter the data in
other digits.
Switches CD and RC are provided for disabling
the program counter and for resetting the program
counter (and the program oscillator.)
To load the BCD register, close the reset counter
(CD) switch, select the desired BCD data with the
register ~data~-switches, then depress the desired digit
switch and the load data switch at the same time.
After all digits have been properly loaded, check
operation to assure the proper data has been loaded,
The period of the positive-going half-cycle of the
program oscillator is chosen to allow calibration of
the temperature. The period of the negative-going
half-cycle of the program oscillator (PO, P2, P4, and
P6) is chosen independently of the positive-going
half-cycle to allow calibration of the rate of change.
Where the period of the positive-going half-cycle is
P (in seconds), the period of the negative-going
half-cycle is chosen equal tOLor the frequency
3.6-P
of the program oscillator is chosen equal to 3.6-P
3.6 P
This allows calibration for both temperature and
rate of change without any restriction on the tern'
perature-sensitive oscillator.
The timing diagram above indicates the relative contents of the MK 50395 counter during the eight
program periods.
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SIX-DECADE COUNTER/DISPLAY DECODER

MK50398/9
FEATURES
0

Single power supply

0

Schmitt Trigger on the count-input

0

Six decades of synchronous up/down
counting

0

Look-ahead carry or borrow

0

Loadable counter

0

Multiplexed 7-segment outputs,
MK50398N

0

Multiplexed BCD outputs, MK50399N

0

I nternal scan oscillator

DESCRIPTION
The MK 50398/9 is an ion-implanted, P-channel MOS
six-decade synchronous up/down-counter / display
driver with storage latches. The counter can be loaded
digit-by-digit with BCD data and has an asynchronousclear function.

Scanning is controlled by the scan oscillator input
which is self-oscillating or can be driven by an external signal. The contents of the counter can be
transferred into the 6-digit latch which is then multiplexed from MSDto LSD in BCD or 7-segment
format to the output. These devices are intended
to interface directly with the standard CMOS logic
families.

PIN CONNECTIONS
FIGURE 1
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MK 50399N

DIGIT
STROBES

OPERATIONS:
SIX-DECADE COUNTER, LATCH
The six-decade counter is synchronously incremented or
decremented on the positive edge of the count input
signal. A Schmitt trigger on this input provides hysteresis
for protection against both a noisy environment and
double triggering due to a slow rising edge at the count
input.
The count inhibit can be changed in coincidence with the
positive transition of the count input. Count inhibit must
remain high while the count input is high to inhibit
counting.
The counter will increment when the up/down input is
high (VSS) and will decrement when the up/down input is
low. The up/down input can be changed 0.75 /-IS prior to
the positive transition of the count input.
The clear input is asynchronous and will reset all decades
to zero when brought high but does not affect the six-digit
latch or the scan counter.
As long as the store input is low, data is continuously
transferred from the counter to the display. Data in the
counter will be latched and displayed when the store
input is high. Store can be changed in coincidence with
the positive transition of the count input.
The counter is loaded digit-by-digit corresponding to the
digit strobe outputs. BCD thumb wheel switches with
four diodes per decade connected between the digit
strobe outputs and the BCD inputs is one method to
supply BCD data for loading the counter decades.
The load counter pulse must be at Vss 2 micro-seconds
prior to the positive transition of the digit strobe of the
digit to be loaded. The load counter pulse may be removed
after the positive transition of the digit strobe since the
chip internally latches this signal. The BCD data to be
loaded must be valid through the negative transition of
the digit strobe.

INPUTS, OUTPUTS
The seven segment outputs are open drain and capable of
sourcing 10mA average current per segment over one
digit cycle. Segments are on when at Vss. The Carry,
Equal, Zero, BCD and digit strobe outputs are push-pull
and are on when at VSS. All inputs except Counter BCD
and the SCAN input are high-impedance CMOS
compatible.
Two basic outputs originate from the counter: Zero
output, and Carry output. Each output goes high on the
positive- (VSS) going edge of the count input under the
following conditions:
The Zero output goes high for one count period when all
decades contain zero. During a load counter operation,
the Zero output is inhibited. The Zero output is on the MK
50399 only.

The Carry output goes high with the leading edge of the
count input at the count of 000000 when counting up or
at 999999 when counting down and goes low with the
negative going edge of the same count input. During a
load counter operation, the Carry output is inhibited.
A count frequency of 1.5MHz can be achieved if the Zero
output and Carry output are not used. These outputs do
not respond at this frequency due totheir output delay, as
illustrated on the timing diagram, Figure 3.

BCD & SEVEN-SEGMENT OUTPUTS
Figure 3
BCD or seven-segment outputs are available. Digit
strobes are decoded internally by a divide-by-six Johnson
counter. This counter scans from MSD to LSD. By
bringing the SET input low, this counter will be forced to
the MSD decade count. During this time, the segment
outputs are blanked to protect against display burn out.
BCD outputs are validfor MSD when SET is low. Applying
Vss to SET allows normal scan to resume. Digit 6 output
is active (VSS) until the next scan clock pulse brings up the
digit 5 output.
The segment outputs and digit strobes are blanked during
the interdigit blanking time. Typically, the interdigit
blanking time is 3 to 10 microseconds when using the
internal scan oscillator.
BCD output data changes at the beginning of the
interdigit blanking time. Therefore, the BCD output data
is valid when the positive transition of a digit output
occurs. BCD outputs are on the MK 50399 only.

SCAN OSCILLATOR
The counters have an internal scan oscillator. The
frequency of the scan oscillator is determined by an
external capacitor between Vss or Voo and the scan
input. The wave form present on the scan oscillator input
is triangular in the self-oscillate mode. An external
oscillator may also be used to drive the scan input.
In the external drive mode, the interdigit blanking time
will be the sum of the negative dwell period of the
external oscillator and the normal self-oscillate blanking
time (3 - 10 /-Isec). Display brightness can be controlled
by the duty cycle of the external scan oscillator.
Typically, the scan oscillator will oscillate atthe following
frequencies with these nominal capacitor values from
Vss to the Scan input:

820pF

1.4kHz

4.8kHz

470pF

2.0kHz

6.8kHz

120pF

7.0kHz

20kHz
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FUNCTIONAL DIAGRAM
FIGURE 2
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ABSOLUTE MAXIMUM RATINGS
Voltage on Any Terminal Relative to VSS .......................... +0.3V to -20V
Operating Temperature Range (Ambient) ..............................O'C to +70"(;
Storage Temperature Range (Ambient) ............................ -40'C to +100'C

MAXIMUM OPERATING CONDITIONS
PARAMETER

MIN

MAX

TA

Operating Temperature

0

70

UNITS
°C

NOTES

VSS

Supply Voltage (VDD = OV)

10

15

V

ISS

Supply Current

40

mA

BV

Break-Down Voltage
(Segment only @ 1a IlA)

VSS-26

V

MK 50398 only

PD

Power Dissipation

670

mW

2

UNITS

NOTES

1

ELECTRICAL CHARACTERISTICS

(VDD

=av, Vss =+ 1a.av to + 15.0V, ooC ~ TA ~

70°C)

STATIC OPERATING CONDITIONS
PARAMETER

MIN

VIL

Input Low Voltage, "0"

VDD

VIH

Input High Voltage "1"

VSS-1

VOL

Output Voltage "0" @ 30 pA

VOH

Output Voltage "1" @ 1.5mA

IOH

Output Current "1"
Digit strobes
Segment outputs

ISCAN

Scan Input Pullup Current@ OV

ISCAN

Scan Input Pulldown
Current @ 15V

ISET

SET Input Pullup Current @ OV

MAX
20% of Vss

V

VSS
20% of vss

80% of vss
3.0
10.0

V

3

V

4

V

4

mA
mA

5
6

5.5

mA

2

40

IlA

5

60

IlA

NOTES,
1
Iss with inputs and outputs open at O°C 2amA at 25°C and 25mA at 70 oe. This does not include segment current.
Total power per segment must be limited so as not to exceed power dissipation of package. (f-IJA lOQoe/Watt)
2.
All outputs loaded.
3.
MIN VIH from CA CB Cc Co inputs is Vss -3.5V. Those inputs have internal pulldown resistors to VOD.
4
This applies to the push-pull CMOS compatible outputs. Does not include digit strobes or segment outputs.
5
For VOUT vss -2.0 volts. Average value over one digit cycle.
6.
For VOUT -= Vss -3.0 volts. Average value over one digit cycle.

=

=
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DYNAMIC OPERATING CONDITIONS
SYM

PARAMETER

MIN

MAX

UNITS

NOTES

fCI

Count Input Frequency

0

1.5

MHz

7,8

151

Scan Input Frequency

0

20

kHz

tcpw

Count Pulse Width

325

ns

tspw

Store Pulse Width

2.0

J.ls

tss

Store Setup Time

0

J.ls

10

tCIS

Count Inhibit Setup Time

tUDS

Up/Down Setup Time

tcpw
tcs

9

0

J.ls

10

- 0.75

J.lS

10

Clear Pulse Width

2.0

J.ls

10

Clear Setup Time

-0.5

J.ls

10

tOA

Zero Access Time

3.0

J.lS

1050399 only

tOH

Zero Hold Time

1.5

J.lS

1050399 only

tCA

Carry Access Time

1.5

J.lS

10

tcH

Carry Hold Time

0.9

/J.S

11

tL

Load Time

1/6 fSI

NOTES:
7.
8.
9.
10.
11.
12.

Measured al 50% duty cycle.
If Carry or Zero outputs are used. the count frequency will be limited by their respective output times
The count pulse width must be greater than the carry access time when uSing the carry output.
The positive edge of Ihe count input is the t :: 0 reference.
Measured from negative edge of count input.
Time to load one digit.
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TIMING
FIGURE 3
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er input goes to a "0" unless that transition
occurs during interdigit blanking period at
least 2.0 JJ. sec prior to a positive transition
of a digit output.

r

4-DIGIT COUNTER / DISPLAY DECODER

MK5002/5/7
TRUTH TABLES

FUNCTIONAL DIAGRAM
7 SEGMENT OUTPUTS
G FED C 9 A

~
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The MK 5002/5/7 provides a means of counting up to 9999,
transferring the count into latches without interrupting the
counting operation, and supplying the latched information
to the outputs one decade at a time_ Scanning is controlled
by the Scan Input which increments a one-of-four counter
on its negative edge, thereby scanning the latches from MSD
(Most Significant Digit) to LSD (Least Significant Digit)_

r-- BCD ----,

e f 9

a

GENERAL DESCRIPTION
The MK 5002/517 is an ion-implanted, P-channel MOS fourdecade synchronous counter with latches, multiplexing circuits,
and a read-only memory programmed for seven-segment
outputs and BCD outputs_ In addition, many on-chip control
circuits provide flexibility of use with a minimum of external
components_

d

a

o

o
o
o

0

1 1

a
a
o

o

00000000

o

9

0 0 0

o

o

0

1

1

0

a

True/Complement = Logic 1

Low threshold voltages for input DTL/TTL compatibility are
achieved through Mostek's ion-implanation process_ Enhancement mode, as well as depletion-mode, devices are fabricated
on the chip, allowing it to operate from a single +5V power
supply_ Depletion-mode technology also allows the entire
circuit to operate on less than 25mW of power_

TRUTH TABLE, OTHER OUTPUTS

Output

The functional diagram shows all options available on the
MI< 5002 MOS/LSI. Other members of this family which
are different pin-outs of this same chip are the MK 5005
and MK 5007_ The MK 5005 is supplied in a 24-pin package
and does not include the BCD outputs_ The MK 5007 is
supplied in a 16-pin package_ (See the pin diagrams for these
members of the counter/display decoder family).

True
Logic
State

Overflow
Latch
Count
Extend
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Time of Occurence
Ono-of-four, following Scan Input rising
off whon Scan Input i: low.

Digit
Salcct
Outputs

odS.:!; <111

o

Occurs on the 10,OOOth Count Input
following a reset. Remains true until
an external reset is accomplished.
Occur. each time the counter state attains
9,999 count. Remains true only until the
next Count Input or Reset occurs {when
the counter returns to O,OOO}.

RECOMMENDED OPERATING CONDITIONS
TYP

UNITS

NOTES

PARAMETER

MIN

MAX

Operating Temperature Range

0

75

VSS

Supply Voltage

4.5

7.5

V

1,2

VGG

Supply Voltage

VOO

-13.2

V

1,2

NOTES

TA

°C

ELECTRICAL CHARACTERISTICS
(Vss = +5V ± 5%; VGG = VDO = OV; at <TA ~70'C unless otherwise noted)
MIN

PARAMETER
Input Voltage, logic 0 (Low)

VIL

MAX

TYP

UNITS

vOO+o.a

VOO

V

VIH

Input Voltage, Logic 1 (High)

VSS+O.3

VSS

V

ISS

Supply Current, VSS

5.0

2.5

mA

4. I nputs open

IGG

Supply Current, VGG

0.5

0.2

mA

VGG e_12V

i=
~
a:

Gin

Input Capacitance

10

3

pF

TA = 25°C; f = lMHz;
VIN = VSS

f-

IlL

Input Current, Logic 0, Count Input

mA
mA
/.I A
mA

5
5

en
u
w

u

U

ci

en

U

i=
~
a:
w

1.6
1.6
1.0
1.0

Scan Input

«
a:
«
I
u

VSS-l

Decimal Point Input

Other Logic Inputs
IOL

Output Current, Logic 0

0.5

rnA

6,VGG = -12V

IOH

Output Current, Logic 1

0.5

mA

6, VGG = -12V

VOL

Output Voltage, Logic 0

VOH

Output Voltage, Logic 1

VSS-O.2

lei

Count Input Frequency

lSI

Scan Input Frequency

tRD

Reset-la-Any Output Delay

tpw

Logic 0 Pulse Width,

Reset Input
Count Input
Scan Input
Transfer Input

1.0
1.0
10.0
2.5

/.IS
/.Is
/.Is
/.Is

tPH

Logic 1 Time

Count Input
Scan Input

3.0
10.0

/.Is
/.Is

tso

Scan-la-Output Disable Time

VOO+O.2

V

4

V

4

DC

250

kHz

DC

50

kHz

15

f-

u

«
«
I
a:

U

15
15

/.Is
/.Is

7
7

Scan-la-Output Enable Time
Digit Select Outputs
All Data OutpulS

15
15

/.Is
/.Is

S

tCE

Count Input-la-Count Extend Delay to 1 or 0

15

/.Is

9

tOF

Count Input-la-Overflow Deray (On)

15

/.Is

9

IROF

Reset Input-la-Overflow Delay (Off)

5

/.Is

:2

>0

!.IS

Digit Select Outputs
All Data Outputs

S2

«
2

3

tSE

NOTES;
1. VOD=OV
2. VSSIVGG differential no more than 25V.
3.

6.

IOL measured al Vo = VSS -0.75V. (Oirecl driving base
of PNP with emitter tied to +51.

IOHmeasured al Vo = VOO + 0.75. (Direct driving base

Internal pull-up resistors (approx 10k Ohm) are provided

at all inputs other than Count Input, Scan Input, and
4.
5.

a

of NPN with emiuer tied to VOOI.

Decimal Point Input.
VGG = -12V ± 10%. Outputs open.

Measurement made at VI = VOO + O.4V. This condition
is sufficient to represent a logic 0 and hold off or override
the internal oscillators. Maximum current at VI = +O.4V
is 1.6 rnA. 400 JlA source current at VSS -1.0 is sufficient
to represent a logic 1 and hold off or override the internal

oscillators.
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7. Delay measured from the negalive edge of Ihe Scan Inpul.
a. Delay measured from Ihe riSing edge of Ihe Scan Input.
9. Delay measured from the negative edge of the Count Input.

DESCRIPTION OF OPERATION
(Further information on the operation of Mostek's
family of 4-digit Counter/Decoders may be found
in the MK 5002 Application Report)_

.Iatched to a logic 0). It maintains this condition as
long as the logic 0 is present at the Reset I nput and
overrides all other associated inputs. As indicated
previously, the decade counters should not be reset
until a transfer has been terminated.

COUNTER LOGIC & TIMING
The Decade counters are synchronously incremented
on the negative edge of the Count Input_ The internal
oscillator on this input may be overridden by an external signal source or may be allowed to oscillate at
a frequency set by a single capacitor tied to this
input from the VSS or VDD sup.Ply- In systems with
considerable noise, better OSCillator stability exists
when the capacitor is tied to VSSSCAN CONTROL LOGIC & TIMING
The Digit-Select Counter is incremented by a negative
edge on the Scan Input. During the time the Scan
Input is at 0, the 7-segment and Digit-Select outputs
are forced off and the complement BCD outputs are
forced to logic 1. The off level of the 7-segment and
BCD outputs is determined by the state of the True/
Complement input. (See Truth Tables.) This remains
until the Scan Input returns to logic 1.
The Digit- Select Counter is a one-of-four counter,
scanning from MSD (Most Significant Digit) to LSD
(Least Significant Digit), enabling one quad latch
output at a time, and presenting a logic 1 to the
corresponding Digit-Select output.
The internal oscillator on this input may be overridden by an external signal source or may be allowed
to oscillate at a frequency set by a single capacitor
tied to this input from the VSS or VDD supply. In
systems with considerable noise, better oscillator
stability exists when the capacitor is tied to VSS.
TRANSFER LOGIC & TIMING
While the Transfer input is a logic 0, data in the
decade counters is transferred to the static storage
latches. This input may be left at 0 for a continuous
transfer-and-display mode, or may be pulsed periodically to store only on command.
Termination of a transfer command occurs internally
when the input is taken to a logic 1 and the next
Count Input negative edge occurs.
This allows
asynchronous Count and Transfer operation since
the transfer is terminated prior to incrementing the
counters. This means that a Count Input negative
edge must follow a Transfer command before a
Reset is applied to prevent transfer of invalid data.
An external Reset Command must be delayed at
least one Count Input negative edge following a
Transfer.
External transfer should terminate at
least 1 J.i-s prior to this Count negative edge and Reset
should occur no sooner than 1 J.i-S following that edge.

Since the Reset Input resets the Scan Counter to
MSD, the scan rate must be much faster than the
reset rate to allow the lesser significant digits to be
enabled. Therefore, FScan must be much greater
than four times FReset.
Ideally. the Reset pulse should also be made narrow
to prevent its duration from causing the MSD to be
ON much longer than the other digits and thus appear
to be brighter.
LEADING ZERO BLANKING
At the start of each MSD to LSD scan, blanking of
leading zeros occurs until the first non-zero number
occurs in the display or the Decimal POint Input is
clocked. Any number following will be displayed.
Leading zero blanking does not affect the BCD outputs or the LSD in the display which is displayed
even if zero. The LSD output resets the blanking
circuitry to begin blanking zeros in the next scan
cycle.
The Decimal Point Input pin should be brought to
logic 0 at the time the character is enabled that
contains the decimal pojnt.
The first non-zero
number or the Decimal Point Input signal in the scan
cycle puts the blanking circuitry in the unblanking
mode. If the Reset In (forces the Scan Counter to
the MSD) occurs when the circuit is in the unblanked
mode, the first complete MSD to LSD scan will be
done in the unblanked mode. This could result in
a dimly displayed leading zero. A simHle solution to
this problem would be to force the Banking Input
low during a reset and release it only after an LSD
has occurred.
Leading zero blanking may be inhibited by wiring
the Decimal Point Input to ground. The MK 5007
does not have a pin for Decimal Point Input and
therefore does not have leading zero blanking.
OTHER INPUTS
The Blanking Input at logic 0 forces the 7-segment
outputs to the off-state and the BCD to the equivalent of the number zero. This condition is maintained
on a DC basis as long as the Blanking Input IS O. The_
Digit-Select outputs continue to operate at the scan
rate as described.

RESET CONTROL

A True/Complement control inverts both BCD and
7-segment outputs when at logic O. De~ending upon
the display used, combinations of the Banking Input
and True/Complement Control can be chosen to give
a lamp test.

The decade counters are reset to 0000 when the
Reset Input is at logic O. The Reset Input at logic 0
also forces the Scan to the MSD outfut and resets
the Overflow Latch output to a logic (if previously

The Decimal Point Left or Ri!;lht control allows the
use of displays with the decimal point physically
located on the left or right of the numeral. Logic 1
is decimal-point-Ieft. In the right mode, even though
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the Decimal Point Input is clocked. unblanking is
delayed until the following digit is enabled.
OUTPUTS
All output buffers on the MK 5002 family are pushpull. A negative power supply terminal, VGG. is
provided to increase the drive capabilities of ttiese
output buffers. Since the VGG supply is connected
only to these output buffers, it has no effect on any
other device characteristics.

Output characteristics are covered in the MK 5002
Application Report which illustrates the effects of
VGG with current to be expected at various output
voltages.
The outputs are designed to drive directly to the base
of common-emitter transistors, so that output voltage
is clamped or maintained at a potential where the
MK 5002 is able to sink or source its greater amount
of current.

PIN CONNECTIONS
The MK 5002/5/7 is available in a 28-pin dual in-line
package, a 24-pin dual in-line package, and a 16-pin
dual in-line package. Only the 28-pin package contains all available functions.

MK5002P
MK5002N

MK 5005P
MK 5005N
24 Vss

28 Vss

'ii'ffiii'N
CDuNi"iNPui

REsEii'ii
CDuNi"iNPui

26 101 DIGIT SELECT OUTPUT
25 102 DIGIT SELECT OUTPUT

COUNT EXTEND

23 "A" SEG.

OVERfLOW LATCH

DECIMAL POINT IN
DECIMAL POINT
LEfT OR RIGHT
BLANKING INPUT
SCAN INPUT
TRUE/COMPLEMENT
~
BCD OUT. MSB

22 "B" SEG.

DECIMAL POINT IN
DECIMAL POINT
LEfT OR RIGHT
BlANKING INPUT

SEG.

20 "0" SEG.

9
10

7·SEGMENT
OUTPUTS

19 "E" SEG.

11
12

"c"

18
I

"r"

SEG.

17 "G" SEG.

BCD"Oui'2'i

130

16 Voo

Bc'D"iiUi"ii

14

15

22 101 DIGIT SELECT OUTPUT
21 102 DIGIT SELECT OUTPUT
20 103 DIGIT SElECT OUTPUT (MSD)

COUNT EXTEND

24 103 DIGIT SElECT OUTPUT (MSO)

OVERfLOW LATCH

21

23 100 DIGIT SELECT OUTPUT (LSD)

TRANSfER INPUT

27 l()1l DIGIT SELECT OUTPUT (LSD)

TRANSfER INPUT

19 "A" SEG.

6

1B "B" SEG
17 "C" SEG.
9

16 '0" SEG.

SCAN INPUT 10

15 'T" SEG

TRUE/COMPLEMENT> 11
CONTROL
Vou 12

13 "G" SEG.

bJi~~ANT

14 "f" SEG.

BcD"5il'i.TsB
MK 5007P
MK 5007N
103 DIGIT SELECT (MSO)

16

102 DIGIT SELECT
10 1 DIGIT SELECT

15
3

VGG
14 Vee (Ground)

100 DIGIT SELECT (LSD)

4

13

TRANSFER INPUT

5

12

20' 'Bc'Ii"Om' LSii

-;r mnmT

22m-miT

RESET INPUT

T1

COUNT INPUT

10

23'§C'1i"'Ou'r MSB

9

SCAN INPUT

COUNT EXTEND
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Application Note

USING THE MI(S002/
MI(S007 MOS 4-DIGIT
COUNTER CIRCUITS
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Using The MK 5002/MK 5007
MOS 4 Digit Counter Circuits
FUNCTIONAL DIAGRAM

INTRODUCTION
This Applications Note describes the functional features
of Mostek's MK 5002 and MK 5007 low-power
counter circuits. Interfacing to LED, Incandescent, and
gaS-discharge displays is described. Cascading of circuits to provide a display of eight or more digits, and
an annunciator application are als·o Included.
The MK 5002 P is an MOS counter circuit containing
internal synchronous, 4-decade counters, static storage
latches, BCD and 7-segment outputs, multiplex logic
and leading-zero blanking circuitry. The MK 5007 P
Is Identical to the MK 5002 P, except that the 7-segment
outputs, leading-zero blanking controls, and other connections have been omitted In order to provide a counter circuit In a 16-pln package. Complete functional
descriptions and speCifications for the MK 5002 and MK
5007 are Included In the data sheet for these products.

BCDOUIPUIS

IS£CM(NIOUTPUTS
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MK5002
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toMPUMlltt
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DESCRIPTION OF OPERATION
Negative-edge transitions at the Count Input Increment
the + 10,000 counter, This counter's state Is set In
the latches when the Transfer Input Is low (logic 0),
The Scan Input drives an Internal + 4 counter, routing
one decade count at a time to the output via .thll 7-segment decoder. The selected digit Is Indicated via the
Digit Select output.
The decoders are scanned from MSD (Most Significant
Digit) to LSD (Least Significant Digit). Leading zer08,
I.e., zeros which precede the non-zero numbers or the
decimal pOint, are automatically blanked on each MSD
to LSD scan, with the exception of the LSD, If selected
with the MK 5002. Leading zero blanking Is not available

BCD II!!TPUTS

lilhiillli

MK5007

,--------;:tpt;;;;;:;---i
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10'

with the MK 5007.

~
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~0-t::::::::~::::::::::~~~.~
INPUT
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MKS002P
PIN CONNECTIONS
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COUNT INPUT 4
COUNT EXTEND

28 Vn
27 Ill' DIGII SElECT OUT ILSD)
26 10' DIGIT SELECT OUT
25 10' DIGIT SELECT OUT

MK5007P
PIN CONNECTIONS

OVERFLOW lATCH
DECIMAl POINT IN
DECIMAL POINT
LEfT OR RIGHT
BlANKING INPUT 9
SCAN INPUT 10
TRUE/COM~~~~~~[ II
BCD OUT, MSB 12

iCoOUf."F 13

m~T

~

00iirii

TRANSfER INPUT 2 I.

COUNT Uf[NOouTPlJT

10' DIGIT SELECT (MSDI
10' DIGIT SELECT
10' DIGIT SELECT
10' DIGIT SELECT (LSDI
TRANSFER INPUT

I

2
3

4
5

iimfTriPlii &
COu1ifiNPiii 7

17 "G" SEG.
1& V..
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16 V"
15 v••
14 V.. (GNDI
13 2' BCD OUT LSB

12

foTcDiiUT

II foTcDiiUT
10 2' BCD OUT MSB
9 SCAN INPUT

FlO. 1: 4·DIGIT LED DISPLAY sysrEM

7·SEGMENT
OUTPUTS

STROBED OPERATION
When strobing LED's (Light-Emitting Diodes). only one
character in the display is Illuminated at anyone time.
However. a sufficiently fast strobe rate will' allow the
human eye to integrate the display. resulting in apparently
flicker-free characters.
Since LED's are diodes and therefore inherently unidirectional. the MK 5002 seven-segment lines may
be common to all four LED 7-segment inputs. The
Digit Select outputs provide the necessary control to
ensure that only one character is enabled at anyone
time. As a result, only one buffer/driver is required per
7-segment line. This buffer need only be capable of
handling the current for a single segment since it Is
never required to drive more than one segment at a
lime. The Digit Select buffer/driver, however, controls
one entire character and therefore must handle the
current required by up to seven separate segments plus
the decimal point. if used.
The apparent brightness of the display is approximately
proportional to the average current. To produce a given
brilliance in a 4-digit display equal to the brilliance In
a single. continuously-ON, digit would require four
times the peak current required for the single digit.
For example, if, for a single digit, maximum (peak)
current, I...... equals average current. IFiAVI ' at 5 mA per
segment, then in a 4-digit display IF.... of 20 mA per
segment will be required to produce I"AVI of 5 mA resulting in equal brilliance.

OUTPUT CHARACTERISTICS
The MK 5002/7 outputs were designed to drive common-emitter transistors. Output sink current is specified
with the output directly driving the base of a PNP transistor whose emitter is connected to the V's potential.
Output source current is specified with the output dlrectiy driving the base of an NPN transistor whose
emitter Is connected to VDD or ground. Therefore, in
both cases the voltage at the output is clamped by the
turned-on transistor. The MK 5002 provides a Truel
Complement input to select the desired logic state for a.
segment ON condition.
The curve shown in Fig. 2 reflects the guaranteed minimum sink/source available at the outputs at various
potentials of VGG (see Power Supply Considerations)
with the following conditions:
1. Sink current measured at Vo = Vss - 0.75 V (transistor clamp)
2. Source current measured at Vo = VDD
0.75 V
(transistor clamp)
3. VDD = ground
4. TA = 75°C (worst-case for measurement)

OPERATING CONSIDERATIONS

+

Operating Considerations
and Restrictions
The external Reset Input forces the scan control logic
to MSD (Most Significant Digit). This condition will be
maintained as long as the Resat is applied (Reset at
logic O. low state). The reset duration can then cause
a variation in brilliance of the MSD (as compared to
the other digits). This effect should be considered in
determining system timing.
It should also be noted that if the periodic reset is
applied at a rate faster than the scan rate, the less
significant dillits will never be allowed to turn on.
Therefore, F":" must be much greater than four times
F...... Ideal timing would combine narrow reset pulses
with the frequency of reset pulses low compared to the
frequency of the scan pulses.
Transfer Operations
Transfer of any counter state begins with the Transfer
Input low but does not terminate until after the Transfer
Input is taken back hig~, and the next Count Input
negative edge occurs. This feature allows the Count
Input and Transfer to be operated asychronously but
restricts the use of a reset pulse following a transfer
pulse. To prevent the possible transfer of invalid data.
an external Reset Command must be delayed at least
one Count Input pulse (negative transition) fol/owing a
transfer.

FIG. 2: OUTPUT CURRENT vs SUPPLY VOLTAGE, VGG
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INTERFACING WITH LED'S AND
OTHER NUMERIC DISPLAYS
NOTES:
(1) RL Is Ihe current-limiting resistor and should be approximately:
RL X 10' = Vss - V.., - Vo
4 (lOIAYI]
VII' = lotal for both transistors In segment lines lind
select lines
VF
LED diode forward voltage drop
IFIAVI
diode current (In milliamperes)
(2) See Power Supply Considerations
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fiG, 6: INTERfACING WITH COMMON-ANODE LED',
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FIG. 7: INTERFACING WITH COMMON CATHODE LEO's
(SUCH AS HEWl£n.PACKARO 5082.)200 SERIES. MONSANTO MAN·3)
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FIG. 8: INTERFACING WITH GAS DISCHARGE DISPLAYS
ISUCH AS SPERRY AND PANAPlEX II)
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ANODE 1

FIG. 9: INTERFACING WITH FIlAMENT DISPlAYS
(SUCH AS SHELLY 3015 CN, PINLITE 03-15, LUMINETICS SERIES 90)
BLOCKING DIO'OE IN914

SEGMENT
ENABLE
LINES

'------7·SEGMENT OUT----~

MK 5002

-12V
···AODITIONAL RESISTOR ENSURES
TOTAL SHUT·Off Of PNP
TRANSISTOR

POWER SUPPLY
Power Supply Considerations
All internal circuitry, including oscillators, of the MK
5002 operates from a Single power supply, using only
Vss and Voo' A provision is made, however, to bring in
a more negative supply, VGG , to Increase the drive capability of the output buffers.
For applications where a single supply is desired the
lack of drive In the output buffers must be compensated. In order to assure a rapid pull-down at the circuit
outputs it is recommended that 100Kn resistors be connected between the outputs and ground. In addition
several things can be done to compensate for the lack
of drive that the displays will experience. These include:
1, Increasing VSS' See output sink-source characteristics in Fig. 2 and Fig. 3.
2. Selecting high-gain transistor buffers. (Refer to TI
TIS 92 [NPN] and TIS 93 [PNP] transistors.)
3, Decreasing RL value and Increasing Scan Input
duty cycle to be on (high state) more than 80%
of the time.
4. Selecting red filter for GaAsP LED's to reduce
background illumination and Increase contrast.
See also Op'erating Considerations.

circuits. Since the Digit Select is a high-going signal
when true, this signal must be inverted prior to entry to
the Decimal Point Input (which requires a negative-going
"
signal).
Decimal Point Left or Right
This feature is provided on the MK 5002 so that the_
device will operate displays with the decimal· point

physically located on the left or right of the selected
digit. In the Decimal Point Right mode (Decimal Point
control tied to ground), even though the Decimai Point
input is triggered, unblanking will not commence until
the next digit is enabled.
FIG. 10: CLOCKING DECiMAL POINT INPUT FOR COMMON·ANODE LED's
r ______I',+5V
t

MSD

DIGIT

+5V

I

DRIVER

~==D~G~==:mi
~ _ ~~V~R__ I~

r------,
I

D~~IJR

E

22k"
Range
Seled

2N5449

DECIMAL POINT
SEGMENT

:tm;;;o
~

I

Decimal Point Control Blanking

,L..

As described previously, zeros preceding the decimal

paint are blanked (on the MK 5002 only). The negative
edge of the Decimal Point Input sets the blanking circuit
to 1he unblank condition. Therefore an input is required
for each MSD to LSD scan cycle since the blanking circuit is reset to the blanking condition at each MSD occurrence. A convertient method of providing this clock
input at the selected position Is to use the Digit Select
character enable lines, as illustrated in the following
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FIG. 11: CLOCKING DECIMAL PDINT INPUT
FDR CDMMDN.cATHDDE LED'.

FIG. 13: TYPICAL COUNT INPUT OSCILLATOR FREQUENCY ,. CAPACITANCE
(AI To = 25 C and Vss = +5V)
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MPSAI3 (4)-=
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INTERNAL OSCILLATORS

0001

.001

0.1

.01

CAPACITANCE (mlClOfarad.i

1.0

Counl Oscillalor
An Internal Count Oscillator is provided for use where
a constant Input rate Is desired (or it may be overridden
by operating the Count Input directly from TTl/DTl
levels). This feature provides a fixed time base for a
count of 0 to 10,000, for use in such applications as
DVM's (Digital Volt Meters) and A-D converters. A single capacitor on the Input as shown In Fig, 12 may be
used to control the oscillator frequency.
A reSistor, shown as RI' is not required, but may be
used when desired to trim the frequency to a more
exact setting. Typically, R, should be in the range of 30
k Ohms to 150 k Ohms. A vaiue below about 30 k Ohms
may prevent oscillation while resistances above 150 k
Ohms have liltle effect.

FIG. 14: CAPACITOR
ON SCAN INPUT

.ic

F-f~~T

t,

Scan Osclllalor
An Internal Scan Oscillator is provided for use where a
constant scanning or multiplexing rate Is desired (or It
may be overridden by operating the Scan Input directly
from TTl/OTl levels). This feature provides an asynchronous scan rate requiring only a timing capacitor, as
shown in Fig, 14, eliminating extra clocking circuits,
A trimming resistor may also be used, similar to that
shown In Fig. 12, If desired. A trim pot tied to ground,
shown here as R" may be used instead to control the
duty cycle of the Scan Input. The lower the value .of
the less time the Scan Input Is at high and the selected
digit is ON. (Note that R, or R, may be used but not
both.)
Without reSistors, the duty cycle of any given digit Is
about twenty-four per cent.
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FIG. 15: TYPICAL SCAN INPUT OSCILLATOR FREOUENCY vs. CAPACITANCE
(al To-15 C and Vss=+5V)
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FIGURE 16: CASCADINC TWO 11K 5002
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CASCADING THE MK 5002
Two or more MK 5002 circuits can be conveniently
cascaded when a display of more than four digits is
required. Fig. 16 illustrates cascading with two MK 5002
circuits for an 8-digit display. Each segment output from the two circuits is buffered with a single-ended
transistor buffer. This allows both circuits to be wiredORed to the one set of seven segment lines from the
8-<1iglt display. Each of the digit select outputs should
be buffered to drive the corresponding display digit.
Complement Scan Inputs are applied to the circuits.
When the Scan Input is Iowan one device, the 7-segment outputs are high, the Digit Select outputs are low,
and the corresponding display is unaffected by that device. The other device meanwhile displays one of its digIts because its Scan Input is high. By making the Scan
Input a square wave of greater than 500 Hz In frequency,
each digit will be displayed an equal length of time.
Additional logic is shown between the two 5002 circuits
to retain leading zero blanking for the full eight digits.
Until circuit (1) reaches a count of 10,000, circuit (2)
has its blanking input held low, forcing all its segment
lines high and preventing the least significant digit
(zero) from being displayed by this circuit. After circuit
(1) reaches a count of 10,000, its overflow latch output
raises the blanking input on (2) and maintains this state
until a reset condition occurs. The overflow latch output
on (1) also forces the decimal input on (1) low so that
leading zeros on this display will not be blanked. Without this provision the number 10,000 would be displayed
as BBB 1 BBBO resulting in a readout of 1 - - -a,
[circuits (2) and (1), respectively, Bo=BlankJ. With this
feedback the correct number is displayed, BBBl 0000,
or a readout of - - _1 0000.

USING THE MK 5002/5007 P IN
ANNUNCIATORS/CONTROLLERS
In some applications where the MK 500217 is used as
a totalizer Or event counter it is desirable to select a
predetermined count to halt or start an operation, or to
set off an alarm. Fig. 17 shows one method of comparing the count of the MK 500217 with a preset BCD
code. This code could be hard-wired or supplied by a
BCD-encoded switch.
It should be noted that the digit strobes and complementary BCD data supplied by the MK 500217 will have
to be buffered to drive the TIL loads. The frequency
should also be greater than or equal to four times the
Count frequency. This will prevent the count in the MK
5002/7 from changing before a complete cycle of all
four digits can be made.

FIC. 17: USING THE 11K 500217 WITH THUIIBWHEEL PRESETS FOR
CONTROL FUNCTIONS 01 ANNUNCIATORS.
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COUNTER TIME-BASE CIRCUIT

MK5009
FEATURES

o
o

lon-implanted for full TTLlDTL compatibility

o
o

Operates

Internal clock operates from:
External signal
External RC network
External crystal
DC to

above

2MHz

Binary-encoded for frequency selection

DESCRIPTION
The MK 5009 is a highly-versatile MOS oscillator and divider chain
manufactured by Mostek using its depletion-load ion-implantation
process and P-channel technology. The 16-pin DIP package provides
frequency division ranges from 1 to 36 X 108 • The circuit will
operate from any of three frequency sources: the internal oscillator
with an external RC combination; the internal oscillator with an
external crystal; or with an externally..applied TTL signal. Control
inputs provide additional versatility and allow the circuit to be used
in a variety of applications including instruments, timers, and clocks.

FUNCTIONAL DIAGRAM
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With an input frequency of 1 MHz, the MK 5009 provides the basic
time periods necessary for most frequency-measuring instruments.
Le.,l lIS through 100 seconds. One minute, ten'minute, and one·hour
periods are also available using a lMHz input. Using a 1/1.2MHz
input, the MK 5009 can also provide a SO/60Hz output for accurate
generation of line frequencies in portable instruments or clocks.
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The time-base output (TIME OUT) is a square wave, its frequency
determined by the selected counter division and by the oscillator
frequency or external input. The falling edge of the output square
wave should be used to control external gating circuitry.
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+108
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TIME OUT
ADDRESS INPUTS

WITHOUT RESET
Rt.4AX

=0

2'

2'

2'

2'

Ro

=0

0
0
0
0
0
0
0
0
1
1
1
1

0
0
0
0
1
1
1
1
0
0
0
0

0
0
1
1
0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1
0
1
0
1

+ 10'
+ 10'
+ 1(j.
10'
10'
lOS
10'
10'
10'
6 X 10'
+ 36 X 10'
.... 6 X 10'

1
1

1
1

1
1

0
1

2 X 10'
Ext. In.

+
+
+
+
+
+

RESET
Reset Max.
Reset Min.
RMAX = 1
Rt.4AX = 0
Ro =1
Ro =0
+ 10'

+ 10'

Resets

Resets

counters

counters

to their

to their

highest

lowest

states

states

-

Rt.4AX

Ro
+
+
+
+
+
+
+
+
+

10'
10'
10'
10'
10'
10'
10'
10'
10'
.... 6 X 10'
+ 36 X 10'
6 X 10'

-

Ext. In.

Ext. In.

BYPASS MODES (see page 3) ,
Mode 2
Mode 3
AMAx = 0
RMAX = Vss
= VGS
Ro = VGG
Ro = VGS
=0

Mode 1

2 X 10'
Ext.lnt.

+ 10'
",,10'
+ 10'
+ 10'
+ 10'
+ 10'
+ 10'
+ 10'
+ 10'
6 X 10'
+ 36 X 10'
6 X 10'

-

2 X 10'
Ext.lnt.

+
+
+
+
+
+
+
+
+

10'
10'
10'
10'
10'
10'
10'
10'
10'
6 X 10'
+36Xl0'
6 X 10'

2 X 10'
Ext. int.

"Addresses 1100 and 1101 result In Logic 0 at the output regardless of the state 01 the Reset Max. and Reset 0 inputs.
Logic 1 = High = V"
Logic 0 = Low = Voc
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ABSOLUTE MAXIMUM RATINGS
Voltage on Any Terminal Relative to Vss ......................... + O.3V to - 20V
Operating Temperature Range (Ambient) ............................. O°C to + 70°C
Storage Temperature Range (Ambient) ........................... - 55'C to + 150°C
RECOMMENDED OPERATING CONDITIONS

(oce .;;; T A .;;; 70°C)
PARAMETER

Vss
VDD
VGG
fXTAL

fRe
fEX!

tpc

TYP

MIN

,
1:

-----~----------

Logic 0 Pulse Width. CLAMP
Ext. Input

tpH

0.1
DC
DC

5.5
0.0
- 14.4

200

I

I

2.0
200
2.0

I

NOTES

~

+

0.0
- 9.6

Crystal Frequency
RC Frequency
External Frequency

UNITS

MAX

+ 4.5

Supply Voltage
Supply Voltage
Supply Voltage

I

I

v

I
!

I

MHz
kHz
MHz

I

-+-1---Ir---~I--~'-----I
I
I
I
Note 5
I
I
i nsec I
I
I nsec i

Logic 1 Pulse Width. Ext. Input
200
Reset Max
~ l/lsec
10.0
Reset
0 _ _ _ _ _ _ _~--10-.0-+_-_ - 1_ _ _ _ _ _ _ _ _
__
-+~/l_se_c~----R

Feedback Resistance

2.5----L_M-'~n_t_-Fi-"g-.1
_ __

.01

Input Voltage. Logic O. Reset Inputs
Reset (Bypass Mode)
All Other Logic Inputs
Input Voltage. Logic 1. All Logic Inputs

0.0
VGG

0.8 I
V
VGG +1.01
V
0.8
V
Vss + 0.3
V_ _
_ _L -_ _

I

Vss-1.0

I

Note 2

I

I _ _ _ _ _ _ _ ____

~

ELECTRICAL CHARACTERISTICS
(VSS=+5V± 10%;VDD=OV;VGG=-12.0V ±20%;OOC';;; TA ';;;70°C)

---

PARAMETER

Iss
IGG

Supply Current. V,,
Supply Current. VGG

III

Input Current. Logic 0

VOL
VOH

Output Voltage. Logic 0
Output Voltage. Logic 1

fSlA

t••

MIN

TYpt

MAX

6.0
6.0

11.0
11.0
-

1.6
0.4

2.4

Frequency Stability wi Volt. Change. RC Mode
I Temp. Change. RC Mode
Crystal Mode

:!:

Jitter. Edge-to-Edge Variation

<15

3.0
- 0.2

UNITS

I

mA
mA

NOTES

I Note 1
.

t--------t-----------

I
!

mA

I Note 2:

V,
V
V

= O.4V

10L = 1.6mA·
10H "' - 40 JJA'

%/V
%/oC

Note 3

nsec

Temp. &Supply Voltage
Constant

-

Note 4

t Typical values at VSS '" + 5V. Voo "" OV. VGG '" - 12V. and T A::: 25°C
1. Logic inputs at VSS. output-open circuited. Each logic input (see Note 2) contributes an additional 1.6mA (max) to ISS when at logic O.
2. Logic inputs are: Reset Max; Reset 0; Address inputs; Ext. Input; Extllnt Select; and clamp.
3. Frequency variations due to power supply

changes onlv.

4. Crystal mode stability is dependent upon crystal.
5. Minimum logic 0 tlme .. t CTaili'Pinput is 50% of oscillator period.
·VOHr VOL apply only to Time Out.
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DESCRIPTION OF OPERATION
The MK 5009 consists basically of a series of counters,
selectable via an internal multiplexer. The+ 101counter output is used to generate an internal clock signal
for the 10 2 through 36 x 10 8 counter stages, which
are fully synchronous with each other.

EXT liNT tied to VOO

t;

f-®

~5K"

Cl

9 FEEDBACK 1

voce-;

9 FEEDBACK 1

.L

C'15pF

Operation in the RC oscillator mode is achieved as
shown in Figure 1. Frequency, f, is approximately
O.B/RC. The clamp circuit can be used in the RC
mode to provide one·shot or accurate start·up operations. When Clamp goes to a logic 0, the internal
circuitry is held at a reference level so that upon reo
lease of the Clamp (return to logic 1), the oscillator's
first cycle will be a full cycle.

V"

0SC. OUT

RZIOK"

OSCILLATOR CONTROLS

EXT liNT tied to VOO

CJ

v"
18M"

FEEDBACK 1

V"

Figure 1
Figure 2

The crystal oscillator mode is shown in Figure 2. It
operates in the parallel resonant mode. The crystal
used should operate properly with a 5mW drive level
and should have a loading capacitance (CLl of 32pF.
Values for the resistors are chosen to bias the internal
circuitry for optimum performance. The two capacitors are chosen to provide the loading capacitance
(CU specified for the selected crystal. It is recom·
mended that Cl =C2 =Y2 CL'

PIN CONNECTIONS

RESET/BYPASS CONTROL

TIME OUT

The MK 5009 provides two different reset conditions.
A positive-going pulse of 10 J.LS or longer on Reset 0
will reset counters to their lowest state, while a
positive·going pulse at Reset Max will reset counters
to their highest state. The Reset Max control enables
the user to set up the counters to provide a falling
edge at the next oscillator cycle or negative·going
external input, regardless of which divider chain is
selected.

VOD 2

EXT INPUT 3
RESET 0 4
EXT/INT 5
RESET MAX 6
CLAMP 7

In addition, taking one or both Reset Inputs to the
most negative voltage, VGG, allows bypassing portions of the divider chain for testing or other purposes (see table on page 1).

FEEDBACK 1 8

EXTERNAL/INTERNAL
FREQUENCY SOURCE
When using an external signal source to operate the
MK 5009. that signal should be applied at the
External Input (Pin 3). and the External/Internal"
Select (Pin 5) should be brought to logic 1.
For operation with an internal signal, the Externall
Internal Select shOUld be at logic O.

OSCILLATOR OUTPUT
The oscillator output, provided at Pin 10, is not a
true logic output, but may be used to drive a high
impedance device such as a junction FET or other
MOS circuitry.
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16
15
14
13
12
11
10

VGG
Vss

2"
2'
2'
2'
OSC. OUT
9 FEEDBACK 2

APPLICATION-10MHz Frequency Counier
The circuit shown below is a frequency counter
capable of counting input rates ~p to 10MHz,
selected in four ranges. The MK 5009 provides the
time base intervals while the Mostek MK 5002
counter circuit provides counting, storage, and
display functions. Two decades of. prescaling using
TTL are employed. TTL one-shots provide proper
timing for the 5002.

To replace the functions of the MK 5009, an active
device and Schmitt trigger for the crystal oscillator
would be needed, plus six 7490's to achieve the
correct time out. Replacing the functions of the
MK 5002 would require four 7490's, and four BCDto-seven-segment decoders.
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MK5009 COUNTER

Application Note

USING MOSTEI(S
MI(S009 COUNTER
TIME-BASE CIRCUIT
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Using Mostek's MK 5009
Counter Time-Base Circuit
DIGITAL FREQUENCY METER
The 100 kHz frequency meter which can be battery
operated is illustrated schematically in Figure 1.
The +5.4V power required is supplied by four C
cells and a series diode. Since most of the 200 mA
required is used in the LED display, it is advantageous
to employ a "push-to-read" function on the meter.
This is easily accomplished by using either a
MOSTEK MK 5002 or MK 5005 as the counting
device and display driver. If an unconditional reset
is applied to the U-6 flip-flop, to be released only
when the display is to be read, the display normally
will be blanked.

The timing diagram in Figure 1 also shows the interface timing between the MK 5009 and MK 5002.
Basic C/MOS one-shots are used to conserve power;
but if battery operation is not required, standard
TTL one-shots can be used. The four one-shots
generate the following times; transfer pulse width
(at the end of a measurement period); time delay
between the transfer pulse and count negative edge;
count negative edge; and reset pulse width. To obtain
an accurate time-out interval on the MK 5009, a flipflop is used to count two consecutive negative edges
of the Time-Out output.

The circuit's input responds to a +5V signal. A
more general purpose front end, if desired, could be
added to the NAND gate U3. The range of the
meter could also be expanded by using decade
prescalers at the input.

This simple circuitry gives a 4-digit frequency meter
with crystal-controlled accuracy, typically requiring
8 mA from the positive supply and 5 mA from the
negative supply, excluding display power.
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U4-SCL4001
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PULSE GENERATOR

ternal trigger source. This trigger source should be
connected to the first control D-type latch in lieu of
the output from the 5009 (1). The frequency range
may even be extended to 1.0 MHz with time delays
reduced to 1/ols, although some loss in RC stability
would occur since the recommended data sheet
frequency has been exceeded.

An extremely versatile pulse generator requiring few
components is easily built using the MK 5009.
Three MK 5009 circuits are used, as shown in
Figure 2, to provide the three essential pulse generator elements: (1) a frequency source to determine
pulse repetition rate; (2) a vanable time delay; and
(3) a pulse width generator.
This circuit provides repetition rates from 0.1 Hz to
100 kHz with delay times and pulse widths from
10/ol to 10 seconds. Range selection is obtai ned by
selecting the appropriate dividers, so that only three
RC circuits are required. This eliminates the requirement for a different RC combination for each decade,
commonly found in commercial instruments. Decade
selection is accomplished by a binary code at the
inputs to each MK 5009, which could be provided
by a coded rotary or thumbwheel switch. The vernier
control is a 500k potentiometer. A 100k potentiometer is used as a trimmer for initial calibration.
External TTL control 109iC is used to capture the
accurately-controlled negative edges as they
emerge from each MK 5009. The Reset and Clamp:
Inputs allow synchronization and first-cycle
accuracy from the time-base circuits.

DIGITALLY-PROGRAMMABLE ONE-SHOT
Using the MK 5009 in the circuit shown in Figure 3
results in a very accurate one-shot which is digitally
programmable. Four decades of thumbwheel switches
allow pUlse-width selection from 0.1 to 999.9 seconds, or 0.1 to 999.9 milliseconds, depending on the
range selected. To indicate how the circuit functions,
a general description of a typical one-shot application
is used.
The user determines the required one-shot pulse
width, for example 800.7 seconds. He must also
de~e desired output pulse polarity, i.e., (OUT
or OUT). The time is entered In the thumbwheel
switch, the range switch is put in "Seconds", the
mode select switch is put at "Monostable" and
"Reset/Halt" is depressed momentarily.

Other features can be added to the basic circuitry
shown in Figure 2. For example, the output amplitude can be made adjustable by using high-voltage,
open-collector TTL circuitry with potentiometer
control for amplitude. An extra position can be
used on the frequency selection switch for an exVI-7

To start the cycle, the "Start" button is depressed.
This gates in the 1 MHz clock from the MK 5009
throullh the C/MOS-to-TTL buffer. The first clock
pulse IS used to strobe the MSD into the variablemodulo counter (74192). (Actually the nine's complement is supplied tothe counter through the BCD
switch multiplex circuitry.) The + N counter divides

DIGITALLY-PROGRAMMABLE ONE-SHOT
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the 1 MHz Clock by the integer value of the MSD.
The states of flip·flops FFA and FFB determine
which digit (or decade range) is being processed.

is ample time (500 ns) to load a new digit integer
code before the load command is taken away. This is
true for either timing range, seconds or milliseconds.

When the Time Out output from the MK 5009
completes its time cycle, it advances the state
counter, selects the next digit to be processed,
and then changes the variable modulo counter to
correspond to tliis new digit. If the next digit happens
to be a zero, the flip-flops (FFA and FFB) are toggled
at the 1 MHz rate until a non-zero digit is found.
In the example given (800.7 seconds) after timing of
the 800 seconds is complete, the flip-flops would
toggle through the second and third digits to ".7",
the first non-zero digit, and count the remaining
7/10 second.

FURTHER DESIGN APPLICATIONS
This basic design can be extended to accomplish
a programmable sequence timer. Any kind of ROM
(programmable, fixed mask, or diode matrix) can
be used to contain all the times (BCD) codes for the
required steps. A state counter of sufficient capacity
can be used to control the addressing of the ROM.

However, the one-shot may also be operated in an
"astable" mode which results in a sguare-wave
output with a period equal to twice the dial setting.
Once the circuitry is started it will free-run until
either the mode is changed or the Reset button is
depressed.

USE WITH 2.0 MHz CRYSTAL

Because of the synchronous nature of the MK 5009
counters, there should be no timing errors associated
with the decade selection switching. The synchronous
nature of the MK 5009 counters and processin~ the
digits from MSD to LSD enables the cirCUit to
operate without being reset and therefore does not
introduce an additional time delay.
Further, the potential problem of timing errors
at the beginning of a cycle is eliminated, since there

Numerous applications for systems of this kind exist
wherever a timed sequence of events is required, such
as a photographic processing, process control, test
sequences, and innumerable industrial applications.

In some af)plications a different crystal frequency
(such as 2.0 MHz) may be more readily available,
although the actual requirements on the output
might be decade divisions of 1.0 MHz. Figure 4
shows one way to accomplish this.
A 2.0 MHz crystal is used in the recommended
circuit and the frequency at the Oscillator Output
pin is divided by 2 by the flip-flop. The 1.0 MHz
IS then fed back into the chip at the External Input
pin. The interface is constructed with CIMOS circuitry since it presents a very high input impedance
which does not load down the oscillator output.
VI-B

Use of C/MOS-to-TTL type inverters allows direct
drive of the External input on the 5009 with its
internal pull-up resistor.

which causes the RC voltage waveform to change
polarity. The nominal upper and lower trip points
for the Schmitt trigger are -1.5V and -7.0V
respectively.

This circuitry also provides a buffered 1.0 MHz (or
2.0 MHz) signal which can be used as a self-check
input for a frequency meter without excessively
loading the Oscillator Output.

In the crystal oscillator mode, Figure 5 (c), 01 is
used as the active device. A resistor, nominally
25kn. is placed from Feedback 2 to VGG, serving
as the load element for 01. In practice the resistor
should not have a value lower than 15kn. The
RC product of this load resistor and the crystal
loading capacitance should be smaller than 1/fxTAL,
or the RC combination will affect the oscillator
frequency. An inductance, or other external load
network, can also be substituted for the load resistor.
The device, 01, has a width/length ratio of about
20 and a nominal gm of 60 Jtmhos.

USE WITH 2.0 MHz CRYSTAL
, . . . . . - - - - - _ 2.0MHz

:IOpF

INTERNAL CONFIGURATION OF THE
MK 5009 OSCILLATOR CIRCUIT
25kll
1.0MHz

T':"

C2

2.0MHz_

Vss

MK5009

Vss

18MU

FEEDBACK 2

+---+--l

FB'

FEEDBACK 1

Figure 5 (a)

TIME
OUT

12Ma

INVERTERS .. SCL4009
FLIP· fLoP
'" SCL4013

ase OUT

Figure 4

FEEDBACK 2

FEEDBACK 1

~

e .. 25"
L----....,....__-i~VSS

INTERNAL CONFIGURATION OF THE
MK 5009 OSCILLATOR CIRCUIT
Figure 5 Ib)

As can be seen in Fi9ure 5 (a). the basic oscillator
section of the MK 5009 is fairly simple. It consists
of two parts: an active device, 01, for gain in the
crystal mode of operation; and a Schmitt trigger and
inverting buffer for wave-shaping the waveform
.
at Feedback 2.
In the RC oscillator mode, Figure 5 (b), Feedback 1
is tied to VSS. This keeps 01 off and effectively
removes it from the circuit. One end of the timing
capacitor and one end of the timing resistor are
tied to Feedback 2. Osc. Out is connected to the
other end of the resistor. The input at Feedback 2 is
"squared-up", inverted, and used to drive Osc. Out.

FEEDBACK 2

FEEDBACK 1

·~It-_V_SS__
te,
1 e2
18_M_"_..
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Figure 5 Ie)
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8-BIT A/D CONVERTER/8-CHANNEL ANALOG MULTIPLEXER

MK50808
FEATURES
o Single 6-Volt Supply (± 6%)
o Low Power Dissipation - 6.826mW(max) at 640kHz
o Total Unadjusted Error

< ± Y2 LSB

o Linerarity Error <

LSB

± Y2

The pin configuration of the MK60808 is shown in
Figure 1.
PIN CONNECTIONS
Figure 1

o No Missing Codes
o Guaranteed Monotonicity

IN3_1
IN4_2
IN5_3
IN6_4

28_IN2

IN7_5

24_AOOB
23_AOOC

START-S
EOC_7
03_8
THREE.STATE_ 9

o No Zero Adjust Required
o No Full-Scale Adjust Required

CONTROL

o 1081£s Conversion Time (Typically)

CLOCK-10
Vcc ......11
REF(+) ......12
GNO ......13
01 __14

o Easy Microprocessor Interface
o Latched TIL-Compatible Three-State Output with
True Bus-Driving Capability

27_IN1
2S_INO
25_AOOA

22-ALE
21_07
20-06
19-05
18_04
17_00
16-REFH
15_02

o 8-channel Analog Multiplexer
o Latched Address Input
o Fixed Reference or Ratiometric Conversion
o Continuous or Controlled Conversion
o On-Chip Chopper-Stabilized Comparator
o Low Reference-Voltage Current Drain

DESCRIPTION
The MK60808 is a monolithic CMOS device with an 8bit successive approximation AID converter, an 8channel analog multiplexer and microprocessorcompatible control logic. The 8-channel multiplexer can
directly access anyone of 8 single-ended analog
channels. The 8-bit AID converter consists of 266
series resistors with an analog switch array, a chopperstabilized comparator and a successive approximation
register. The series resistor approach guarantees

monotonicity and no missing coaes as well as allOWing
both ratiometric and fixed-reference measurements.
The need for external zero and full-scale adjustments
has been eliminated and an absolute accuracy of ~ 1
LSB, including quantizing error, is provided. A block
diagram of the MK60808 is shown in Figure 2:
All digital outputs are TIL-compatible, all digital inputs
are TIL-compatible with a pull-up resistor, and all
digital inputs and outputs are CMOS-compatible; this
makes it easy to interface with most microprocessors.
The output latch is three-state and provides true busdriving capability (300ns from Three-State Control to Q
Logic State with 200pF load). A Start signal initiates the
conversion process, and, upon completion, an End-OfConversion Signal is generated. Continuous conversion
is possible by tying the Start-Convert pin to the End-ofConversion pin.
.
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The MK50808 features low power. high accuracy.
minimal temperature dependence. and excellent longterm accuracy and repeatability. These characteristics
make this device ideally suited to machine and

industrial controls.
A block diagram of a microprocessor control system
using the MK50808 is shown in Figure 3.

MK50808 BLOCK DIAGRAM
Figure 2
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for
a Block Diagram)
ADDRESS, Pins 23-25
The address decoder allows the 8-input analog
multiplexer to select anyone of 8 single-ended analog
input channels. Table 1 shows the required address
inputs to select any analog input channel.

resistors in the ladder. They are chosen so that the
output characteristic will be symmetrical about its fullscale and zero points. The first output transition occurs
when the analog signal reaches +V2 LSB and
succeeding transitions occur every 1 LSB until the
output reaches full scale.
ANALOG INPUTS, Pins 1-5, 26-28
These inputs are multiplexing analog switches which
accept analog inputs from OV to VCC.

ADDRESS LATCH ENABLE, Pin 22
A positive transition applied to the Address Latch
Enable (ALE) input latches a 3-bit address into the
address decoder. ALE can be tied to Start with
parameter tD being satisfied.
CLOCK INPUT, Pin 10
This Clock Input will accept an external clock input from
100kHz to 1.2MHz
POSITIVE AND NEGATIVE REFERENCE
VOLTAGES [REF (+) and REF (-II, Pins 12 and 16
These inputs supply voltage references for the analogto-digital converter. Internal voltage references are
derived from REF (+) and REF (-) by a 256-R ladder
network, Figure 4.

The comparator is the most important section of the
AID converter because this section determines the
ultimate accuracy of the entire converter. It is the DC
drift of the comparator which determines the repeatability of the device. A chopper-stabilized comparator
was chosen because it best satisfies all the converter
requirements.
The chopper-stabilized comparator converts the DC
input signal into anAC signal. This signal is amplified by
a high-gain AC amplifier and the DC level is restored.
This technique limits the drift component of the
comparator because the drift is a DC component which
is not passed by the AC amplifier.
Since drift is virtually eliminated, the entire AID
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

This approach was chosen because of its inherent
monotonicity, which is extremely important in closedloop feedback control systems. A non-monotonic
transfer characteristic can cause catastrophic oscillations within a system.

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

The top and bottom resistors of the ladder network in
Fi!lure 4 are not the same value as the rest of the
REFt+1

ANALOG CHANNEL SELECTION
Table 1

SELECTED
ANALOG CHANNEL

ADDRESS LINE
C

B

A

INO

L

L

L

INl

L

L

H

IN2

L

H

L

IN3

L

H

H

IN4

H

L

L

INS

H

L

H

INS

H

H

L

IN7

H

H

H

·

250R:

·

REF(·)
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TO
COMPARATOR
INPUT

•

START. Pin 6

8-BIT DIGITAL OUTPUT. Pins 8.14.16.17-21

The AID converter's successive approximation register
(SAR) is reset by the positive edge of the Start pulse,
Conversion begins on the falling edge olthe Start pulse.

These pins supply the binary digital output code which
corresponds to the analog input voltage, DO is the least
significant bit (LSB) and 07 is the most significant bit
(MSB). This output is stored in a TTL-compatible threestate output latch which can drive a 2DOpF bus from
high impedance to either logic state in 300ns. Each pin
can drive one standard TTL load.

A conversion in progress will be interrupted if a new
Start pulse is received and a new conversion will begin,
END OF CONVERSION. Pin 7

THREE-STATE CONTROL. Pin 9
The End-Of-Conversion (EOC) output goes high when
the conversion process has been completed. The
positive edge of the EOC output indicates a valid digital
output. Continuous conversion can be accomplished by
tying the EOC output to the Start input. If the AID
converter is used in this mode. an external Start
pulse should be applied after power up, End of
Conversion will go low within 2 clock periods after the
positive edge of Start.

The Three-State Control allows the converter to be
connected to an 8-bit data bus. A low level applied to
this input causes the digital output to go to a high
impedance state and a high level causes the output to go
to a a logic state.

ABSOLUTE MAXIMUM RATINGS' (Note 1)
Absolute Maximum VCC ............... , ...... , ... , ... , ....... , .... ,., ..... , ...... ,.,., .............. 6.5V
Operating Temperature Range, .. ,., ........ ,',., .................. , ............... MK50808 O°C to +70°C
MK50808-1 -40° to +85°C
Storage Temperature Range.,., .. , ........... , ... , .. , .......... , .. , ...... , .............. ,. -65° to +150°C
Power Dissipation at 25°C ...................................... ,', ................... " " , ...... 500mW
Voltage at any Pin except Digital Inputs ............... , ....... , .. , . , .. , ... , ... , ......... -0,3 to VCC + 0.3V
Voltage at Digital Inputs ... ,.,., .. , .............. , ... , ................................ ".,.,. -0.3 to +15V
'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to Ihe deVice. Tills IS a stress rallng only and funcl!onal operation of
the deVice at these or any other conultlon above thost! Indicated In the operational sections of this specificstion IS not unpiled. Exposure 10 absolute maximum ratmg
conditions for extended periods may affect deVice reliability.

ELECTRICAL OPERATING CHARACTERISTICS
MK50808. MK50808-1 (Note 1 )
SYM

PARAMETER

CONDITIONS

MIN

TVP

MAX

VCC

Power Supply
Voltage

Measured at
VCC Pin

4.75

5.00

5.25

V

VLADDER Voltage Across
Ladder

From REF(+)
to REF(-)

0.512

5.12

5,25

V

Voltage at Top
of Ladder

Measured at
REF(+)

VCC

VCC+O.l

V

~

Voltage at Center
of Ladder

Measured at
RLADDERI2

~

VCC+ 0.1

V

VREFH

Voltage at Bottom
of Ladder

Measured at
REF(-)

VREF(+)

(VREF(+)+)

~-0.1

2
-0.1
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0

UNITS NOTES

2"
V

2

DC CHARACTERISTICS
All parameters are 100% tested at 25°C. Device parameters are characterized at high and low temperature
iimits to assure conformance with the specification.
MK50808. MKS0808-1
4.75 ~VCC~ 5.25V. -40 ~TA ~ +85°C unless otherwise noted
SYMBOL PARAMETER
VINHIGH
V1NLOW

VOUTHIGH

VOUTLOW
IINHIGH

hNLOW

CONDITIONS

UNITS

Logic Input
Low Voltage

Vee = 5V

Logic Output
High Voltage

lou-r = -360}'A

Logic Output
Low Voltage

lOUT = 1.6mA

0.4

V

Logic Input
High Current

VIN = 15V

1.0

},A

Logic Input
Low Current

VIN = OV

Iocr

Three-State
Output Current

3.5

-1.0

JJA
300

1000
1300

JJA
JJA

3

}'A
JJA

MAX

UNITS

-3

~

V
V

VCC-O.4

Vour = VCC
Vour = OV

NOTES

V
1.5

Clk. Freq=500kHz
Clk. Freq=640kHz

DC CHARACTERISTICS
MK50808-1. -40 ~ TA ~ +85°C; MK50808. 0°

RlADIlER

MAX

Vee = 5V

Supply Current

PSR

TYP

Logic In~ut
High Vo tage

Icc

S YMBOL

MIN

TA ~ + 70°C

PARAMETER

CONDITIONS

Power Supply
Rejection

4.75 ~ Vee = VREc{+)

Ladder Resistance

From REF(+) to
REF (-)

MIN

~5.25V;VREF(-)=GN[

TYP
0.05

0.15

%/V

NOTES
10

k!l

3.8

7

CONDITIONS

MIN

TYP

MAX

UNITS

NOTES

fe '" 640:tHz
During Convers'ion

-2

±.05

+2

JJA

11

10

200

nA

ANALOG MULTIPLEXER
MKS0808. MKS0808-1
-40° ~ TA~ +85°C unless otherwise noted
SYMBOL PARAMETER
ION

10F../+)
10FF(-)

On-Channel Input
Current
Off - Channel.
Leakage Current

Vce=5V. VIN=5V.
TA=25°C

Off ,- Channel
Leakage Current

Vcc=5V. VIN=OV.
TA = 25°C

-200
VII-6

-10

nA

CONVERTER SECTION
Vee = VREF(+) = 5V. VREi=l-) =GND. VIN = VeOMPARATOR IN. fe
MK50808-1. -40::;TA ~ +85°e unless otherwise noted
PARAMETER

CONDITIONS

=640kHz

TYP

MAX
8

Bits

Non-Linearity Error

±%

±V2

LSB

3

Zero Error

±%

± Y2

LSB

5

Full-Scale Error

± '.4

± Y2

LSB

6

±%
±%

± Y2
±%

LSB
LSB

7

±V2

LSB

8

±%
±%

±1
±1%

LSB
LSB

9

TYP

MAX

UNITS

NOTES

8

Bits

MIN

Resolution

Total Unadjusted
Error

TA = 25°e

Quantizing Error
Absolute Accuracy

TA = 25°C

UNITS

NOTES

MK50808. 0° ::; TA ::; + 70 0 e
MIN

PARAMETER
Resolution
Non-Linearity Error

±V2

± 1

LSB

3

Zero Error

±%

± Y2

LSB

5

Full-Scale Error

±%

± Y2

LSB

6

Total Unadjusted Error

±V2

± 1

LSB

7

±V2

LSB

8

± lY2

LSB

9

Quantizing Error
Absolute Accuracy

± 1

FULL-SCALE. QUANTIZING AND ZERO ERROR

NON-LINEARITY ERROR

Figure 5

Figure 6

OUTPUT
COO.
INFINITE RESOLUTION
PEllfECT CONVERTER

'"

010

DO'

...
LSB
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AC CHARACTERISTICS (Figure 7)
MK50808. MK50808-1.TA = 25°C.VCC =VREF(+) = 5V or 5.12V,VREF(-) = GND
SYMBOL PARAMETER

CONDITIONS

MIN

TYP

MAX

UNITS

tws

Start Pulse Width

200

ns

tWALE

Minimum ALE
Pulse Width

200

ns

Address Set-Up
Time

50

ns

tH

Address Hold Time

50

ns

to

Analog MUX Delay RS+RON<;;; 5kO
Time from ALE

tHI. tHO

Three-State Control CL = 50pF
to Q Logic State
CL = 200pF

tlH. toH

Three-State Control CL = 10pF.
to Hi-Z
RL = 10kO

ts

tc

Conversion Time

fC= 640kHz

fc

External Clock Freq.

hoc

EOC Delay Time

CIN

Input Capacitance

COUT

Three-State Output At Three-State
Outputs
Capacitance

1

2.5

}loS

125

250
300

ns
ns

125

250

ns

106

108

110

}los

100

640

1200

kHz

2

Clock
Periods

10
5

15
7.5

pF
pF

5

7.5

pF

0
At Logic Inputs
At MUX Inputs
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NOTES

12

4

TIMING DIAGRAM
Figure 7

ALE

50°,1"

\50%

~ ~STABLE

!

I+tWALE

ADDRESS

50%.

ADDRESS

!

I50%

\

tS""!- ~~tH
~

INPUT

MUX
OUTPUT

!- f - - - - - - - -·-STABLE

--

~

_

START

I

I

/+-$1/2 LSB

tD _ _

50% I r - - 50%
~tWS-I>

THREE-STATE
CONTROL
EOC

; - - - . } 50%
I---tEDC
OUTPUTS
(SOpF Load)

50%

50'1\.

--t~-----_

HIGH IMPEDANCE

.1

I
50%/

"

tH1. t Hij=.

I

1
tH1=:
~

1](90%
10%
~tHO

~I1H.tOH
go,};,

.x

10%

~

OUTPUTS
HIGH IMPEDANCE
24:-lY--V-(200pF LoadJ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _----i!!~!--------------- ~~Q-4-V---J-'

NOTES:
1.
2.

All voltages are measured with respect to GND.
The minimum value for VLADOER will give 2mV resolution. However, the
guaranteed accuracy is only that which is specified under "DC
Characteristics"
3. Non-linearity error is the maximum deviation from a straight line through
the end points of the AID transfer characteristics, Figure 6.
4. When EOe is tied to START, EOe delay is 1 clock period.
5. Zero Error is the difference between the actual input voltage and the
design input voltage which produces a zero output code, Figure 5.
6. Full-Scale Error is the difference between the actual input voltage and the
design input voltage which produces a full-scale output code, Figure 5.
7. Total Unadjusted Error is the true measure of accuracy the converter can
provide less any quantizing effects.

8.
9.

10.

11.

12.

VII-8

Quantizing Error is the ±Y2 LSB uncertainty caused by the converter's
finite resolution, Figure 5.
Absolute Accuracy is the difference between the actual input voltage and
the full-scale weighted equivalent of the binary output code. This includes
quantizing and all other errors.
Power Supply Rejection is the ability of an ADC to maintain accuracy as
the power supply voltage varies. The power supply and VREF(+) are varied
together and the change in accuracy is measured with respect to
full-scale.
Input Current is the time average current into or out of the chopperstabilized comparator. This current varies directly with clock frequency
and has little temperature dependence.
This is the time required for the output of the analog multiplexer to settle
within ±Y2 LSB of the selected analog input signal.

MOSTEI(.

8-BIT AID CONVERTER/16-CHANNEL ANALOG MULTIPLEXER

MK50816
FEATURES

The pin configuration of the MK50816 is shown in
Figure 1 below:

o Single 5 Volt Supply (e!: 5%)

o

Low Power Dissipation - 6.825mW(max) at 640kHz

o Total Unadjusted Error
o Linerarity Error

< ± Y2

< ± Y2

PIN CONNECTIONS
Figure 1

LSB

LSB

40..e----IN2

o No Missing Codes

39 __ INl

o Guaranteed Monotonicity

3B+-INO

37 . . - ~~~~~~~N

o No Zero Adjust Required

36+-AOD A

o No Full-Scale Adjust Required

3S.--ADD B

o 108/-1s Conversion Time (Typically)

34..-AOD C

DEasy Microprocessor Interface

33...-ADD 0

o Latched TTL Compatible Three-State Output with
True Bus-Driving Capability

MK50alS

o Expandable 16-channel Analog Multiplexer
o Latched Address Input
U

Fixed Reference or Ratiometric Conversion

o Continuous or Controlled Conversion
o On-Chip or External Clock
o On-Chip Chopper-Stabilized Comparator
o Low Reference-Voltage Current Drain

COMPAAAT?~-'18

REFj+' ...... 19

OND ··.... 20

23 .......... REF H

22.-CLOCK

214- ~~~~~'5~ATE

DESCRIPTION
The MK50816 is a monolithic CMOS device with an 8bit successive approximation AID converter, a 16channel analog multiplexer and microprocessorcomp~tible control logic. The 16-channel multiplexer
can directly access anyone of 16 single-ended analog
channels and provides logic for additional channel
expansion. The 8-bit AID converter consists of 256
seri~~ resistors with an analog switch array, a chopperstabilized comparator and a successive approximation
register. The series resistor approach guarantees
monotonicity and no missing codes as well as allowing
both ratiometric and fixed-reference measurements.
The need for zero and full-scale adjustments has been
eliminated and an absolute accuracy of :;;; 1 LSB
including quantizing error, is provided.
'

All digital outputs are TTL-compatible, all digital inputs
are TTL-compatible with a. pull-Up resistor, and all
digital inputs and outputs are CMOS-compatible; this
makes it easy to interface with most microprocessors.
The output latch is three-state and provides true busdriving capability (300ns from Three-State Control to Q
Logic State with 200pF load). A Start Convert signal
initiates the conversion process, and, upon completion,
an End Of Conversion signal is generated. Continuous
conversion is possible by tying the Start-Convert pin to
the End-of-Conversion pin. The clock pin may be
connected to an external oscillator or tied to ground to
enable an on-chip oscillator.

VII-9

The MK50816 features low power, high accuracy,
minimal temperature dependence, and excellent longterm accuracy and repeatability. These characteristics
make this device ideally suited to machine and
industrial controls.

MK50816 BLOCK DIAGRAM
Figure 2

COMPAR~~ORQ-

A block diagram of a microprocessor control system
using the MK50816 is shown in Figure 3.

__________--,

COMMONQ----------,
START CLOCK

Ir-t.Jr~~~~----------~ENDOF
CONVE RSION

16CHANNEL

16 ANALOG
INPUTS

ANALOG
MULTI·

PlEXER

THREE·

STATE

SOSIT

OUTPUT

~--·-vl LATCHI

}

OUTPUT

BUFFER

4·BIT

ADDRESS

{
ADDRESS

ADDRESS
LATCH
ENABLE

DECODER

EXPANSION

CONTROL

11

Vee GND REF~+)

REFH THREE·STATE
CONTROL

TYPICAL MICROPROCESSOR CONTROL SYSTEM
Figure 3
DISPLAY

- -,

MK50816
PHYSICAL
VARIABLE
TEMPERATURE
PRESSURE

MUX

WEIGHT
FLOW
LIGHT
HUMIDITY
pH
etc.

!-,P

AID

OTHER
{
CHANNELS
CONTROLLER

PWR
AMPL

DAC
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for
a Block Diagram)
ADDRESS, Pins 33-36
The address decoder allows the 16-input analog
multiplexer to select anyone of 16 single-ended analog
input channels. Table 1 shows the required address and
expansion control inputs to select any analog input
channel.

CLOCK INPUT, Pin 22
The Clock Input will accept an external clock input from
100kHz to 1.2MHz. A minimum duty cycle of 20% is
required for the Clock Input to detect the presence of an
external clock signal.
If the Clock pin is grounded, the conversion process will
be controlled by an on-chip oscillator.

ADDRESS LATCH ENABLE, Pin 32

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES [REF (+) and REF (-IJ, Pins 19 and 23

A positive transition applied to the Address Latch
Enable (ALE) input latches a 4-bit address into the
address decoder. ALE can be tied to Start with
parameter til being satisfied.

These inputs supply voltage references for the analogto-digital converter. Internal voltage references are
derived from REF (+) and REF (-) by a 256-R ladder
network, Figure 4.

COMMON OUTPUT, Pin 15

EXPANSION CONTROL, Pin 37

This approach was chosen because of its inherent
monotonicity, which is extremely important in closedloop feedback control systems. A non-monotonic
transfer characteristic can cause catastrophic
oscillations within a system.

Additional single-ended analog Signals can be
multiplexed to the AID converter by holding the
Expansion Control low, disabling the multiplexer. These
additional externally-multiplexed signals are to be
connected to the Comparator Input and the device
ground. Additional signal conditioning such as sampleand-hold or Instrumentation amplification can be added
between the analog signal and the Comparator Input.

The top and bottom resistors of the ladder network in
Figure 4 are not the same value as the rest of the
resistors in the ladder. They are chosen so that the
output characteristic will be symmetrical about its fullscale and zero points. The first output transition occurs
when the analog Signal reaches +Y2 LSB and
succeeding transitions occur every 1 LSB until the
output reaches full scale.

ANALOG CHANNEL SELECTION
Table 1

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

This is the output of the 16-channel analog multiplexer.
The maximum ON resistance is 3kll.

SELECTlD

ANALOG CHANNEL

..

ADPAESSLINE

EXPANSION
CONTROL

CONTROLS FROM IAR
~

REF(+I

,

'N'

.

260R:

IN15

AA Channell OFF

REFI·I
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TO
COMPARATOR

.---+.

INPUT

•

ANALOG INPUTS. PINS 1-12.14. 3S-40

start conversion pulse is received and a new conversion
will begin.

These inputs are multiplexing analog switches which
accept analog inputs from OV to VCC'

END OF CONVERSION. Pin 13

COMPARATOR INPUT. Pin 18
The comparator is the most important section of the
AID converter because this section determines the
ultimate accuracy of the entire converter. It is the DC
drift of the comparator which determines the
repeatability of the device. A chopper-stabilized
comparator was chosen because it best satisfies all the
converter requirements.
The chopper-stabilized comparator converts the DC
input signal into an AC signal. This signal is amplified by
a high-gain AC amplifier and the DC level is restored.
This technique limits the drift component of the
comparator because the drift is a DC component which
is not passed by the AC amplifier.
Since drift is virtually eliminated, the entire AID
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

The End Of Conversion (EOe) output goes high when
the conversion process has been completed. The
positive edge of the EOC output indicates a valid digital
output. Continuous conversion can be accomplished by
tying the EOC output to the Start input. If the AID
converter is used in this mode. an external start
conversion pulse should be applied after power up. End
of Conversion will go low within 2 clock periods after the
positive edge of Star_to
S-SIT DIGITAL OUTPUT. Pins 24-31
These pins supply the digital output code which
corresponds to the analog input voltage. DO is the least
significant bit (LSB) and D7 is the most significant bit
(MSB). This output is stored in a TTL-compatible threestate output latch which can drive a 200pF bus from
high impedance to either logic state in 300ns. Each pin
can drive one standard TTL load.
THREE-STATE CONTROL. Pin 21

START. Pin 16
The AID converter's successive approximation register
(SAR) is reset by the positive edge of the Start pulse.
Conversion begins on the falling ~dge of the Start pulse.
A conversion in progress will be interrupted if a new

The Three-State Control allows the converter to be
connected to an 8-bit data bus. A low level applied to
this input causes the digital output to go to a high
impedance state and a high level causes the outputtogo
to a Q logic state.

ABSOLUTE MAXIMUM RATINGS· (Note 1)
Absolute Maximum VCC , •...••......•.....•........•...........•........••.•........•...•.•.•.••••• 6.5V
Operating Temperature Range ....................................................... MK50S16 0° to +70°C
MK50816-1 -40°C to +S5°C
Storage Temperature Range ......•••...•....•.•.........•....••.•.••..•......•.••••....•. -65°C to +150°C
Power Dissipation at 25°C ••.....••..••......•.......•...........•..•...•.......••............•... 500mW
Voltage at any Pin except Digital Inputs .................................................. -0.3 to VCC + 0.3V
Voltage at Digital Inputs •............ _.................................. _..................... -0.3 to +15V
·Str8sSBs above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation of
the device al these or any other condition above those indicated In the operational sections of this specification is not implied, Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.
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ELECTRICAL OPERATING CHARACTERISTICS
MK60816. MK60816-1 (Note 1)
SYM

PARAMETER

CONDITIONS

MIN

TYP

VCC

Power Supply Voltage

Measured at VCC Pin

4.75
0.512

VLADDER Voltage Across Ladder From REF(+) to REF H
VREF(+)

Voltage at Top of
Ladder

(

VREF(+I+) Voltage at Center of
Ladder
VREF(-)
2
VREF(-)

Voltage at Bottom of
Ladder

Measured at REF (+)
Measured at
RLADDERI2

VCC _ 0.1

UNITS

5.00

5.25

V

5.12

5.25

V

VCC

VCC+O.l

V

VCC

VCC+ o 1

V

2

2

Measured at REFH

MAX

-0.1

2

NOTES

2

.

V

0

DC CHARACTERISTICS
All parameters are 100% tested at 25°C. Device parameters are characterized at low and high temperature limits to
assure conformance with the specification.
MK60816. MK60816-1
4.75 :5 VCC :5 5.25V, -40 :5 TA :5 +85°C unless otherwise noted
SYM

PARAMETER

CONDITIONS

MIN

VINHIGH

Logic Input
High Voltage

VCC = 5V

3.5

VINLOW

Logic Input
Low Voltage

VCC = 5V

TYP

MAX

UNITS
V

1.5

V

VOUTHIGH Logic Output
High Voltage

lOUT = -360~A

VOUTLOW Logic Output
Low Voltage

lour = 1.6mA

0.4

V

1.0

~A

IINHIGH

Logic Input
High Current

VIN = 15V

IINLOW

Logic Input
Low Current

VIN = OV

ICC

Supply Current

Clk Freq=500kHz
Clk Freq=640kHz

lOUT

Three-State
Output Current

VOUT=VCC
VOUT=OV

NOTES

V

VCC -0.4

~

-1.0
1000
1300

~A
~A

3

~A
~A

TYP

MAX

UNITS

NOTES

0.05

0.15

%/V

10

2

~A

11

300

-3

DC CHARACTERISTICS
MK50816-1-40:5TA:5+85°C, MK50816 O°:5TA:5 +70°C
SYM

PARAMETER

RpS

Power Supply
Rejection

CONDITIONS

MIN

4.75:5 VCC:5 5.25
VREF (+) = VCC
VREF(-l = GND

ICOMP IN Comparator Input
Current

fC = 640kHz
During Convs.

-2

±0.5

RLADDER Ladder Resistance

From REF(+) to REF H

3.8

7
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kfl

ANALOG MULTIPLEXER
MK60816. MK60816-1
. -40·:5 TA :5 +8S·C unless otherwise noted
TYP

MAX

UNITS

(Any Selected Channel)
TA = 2S·C. RL = 10k

1.S

3

kO

Do ON Resistance
Between Any 2
Channels

(Any Selected Channel)
RL = 10k

7S

IOFF(+)

OFF Channel
Leakage Current

VCC=SV, VIN=SV,
TA=2S·C

10

IOFFH

OFF Channel
Leakage Current

VCC=SV, VIN=OV,
TA=2S·C

SYM

PARAMETER

CONDITIONS

RON

Analog Multiplexer
ON Resistance

DoRON

MIN

-200

NOTES

n

200

nA
nA

-10

CONVERTER SECTION
VCC = VREF(+) = SV, VREi=l-) = GND, VIN = VCOMPARATOR IN,
fC = 640kHz
MKS0816-1 -40:5 TA:5 +8S·C unless otherwise noted
PARAMETER

CONDITIONS

MIN

TYP

Resolution

MAX

UNITS

8

Bits

NOTES

Non-Linearity Error

±1A

±'h

LSB

3

Zero Error

±1A

±V2

LSB

S

Fuli-Scale Error

±1A

±'h

LSB

6

TA = 2S·C

±1A
±1A

±'h
±3A

LSB
LSB

7

±'h

LSB

8

TA = 2S·C

±3A

LSB
LSB

9

±3A

±1
±11A

TYP

MAX

UNITS

NOTES

8

Bits

Total Unadjusted Error
Quantizing Error
Absolute Accuracy

MKS0816 0·:5 TA:5 +70·C
PARAMETER

CONDITIONS

MIN

Resolution
Non-Linearity Error

±'h

±1

LSB

3

Zero Error

±'A

±'h

LSB

6

Full-Scale Error

±'A

±'h

LSB

6

Total Unadjusted Error

±'h

±1

LSB

7

±'h

LSB

8

±1

±1'h

LSB

9

Quantizing Error
Absolute Accuracy
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AC CHARACTERISTICS (Figure 7)
MK50S16. MK50S16-1 TA =25°C. VCC

=VREF(+) =5Vor 5.12V. VREF(-) = GND
MIN

PARAMETER

tws

Start Pulse Width

200

ns

twALE

Minimum ALE
Pulse Width

200

ns

ts

Address Set-Up Time

50

ns

tH

Address Hold Time

50

ns

tD

Analog MUX Delay
Time from ALE

Common Tied to
Comparator In.
RS + RON :5 5kO.
CL = 10pF

tH1. tHO

Three-State Control
to Q Logic State

t1 H. toH

CONDITIONS

TVP

MAX

SYM

UNITS

NOTES

1

2.5

p's

CL = 50pF
CL =200pF

125
300

250

ns
ns

Three-State Control
to Hi-Z

CL = 10pF.
RL = 10kO

125

250

ns

tc

Conversion Time

fC
fC

106

10S
150

110

p.s
p.s

fC

External Clock Freq

100

640

1200

kHz

13

tEOC

EOC Delay Time

2

Clock
Periods

4

CIN

Input Capacitance

At Logic Inputs
At MUX Inputs

10
5

15
7.5

pF
pF

COUT

Three-State Output
Capacitance

At Three-State
Outputs

5

7.5

pF

=640kHz
=flNTERNAL CLOCK

0

FULL SCALE. QUANTIZING AND ZERO ERROR
Figure 5
OUTPUT
CODE

12

NON-LINEARITY ERROR
Figure 6
OUTPUT

CODE
INfiNITE RESOLUTION

111

F.B. ENDPOINT

"4- INFINITE RESOLUTION

PERFECT CONVERTER

CONVERTER

"0
'01

'00

I

011

I
-~

I

~

1----

OUANnZING ERROR

010
001

,

000 ia....I-,.-""T"--r--.-----.-""T'-.--V'N
0
2
4
7

000 L-L.:T-""T'--r--'---"-""T"--r-- VIN

o

LS8
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TIMING DIAGRAM
Figure 7

CLOCK

ALE

50%

\50%

--+- ~tWALE

!

~ tifSTABLE ADDRESS

ADDRESS

ts_

INPUT

MUX
OUTPUT

50%

\

1--1-- t-tH
STABLE

--

"
I

I

+--~1/2 LSB

A
I--

START

!

1.

50~

to_

50%r-- 50%

r-- tWS'"
t~ _________

EOC

r---OUTPUTS

/5OpF Loadl

;.~

\ 50%
tEOC

-1
HIGH IMPEDANCE

----1

!
l

tHl.IH[i=.

,

1X
l:

90%

9O %

10%

l

I+--tHO

t1H.

to H

.

I~

-----------------H-,G-H--IM-P-E-D-A-N-C-E------««~-------------------~-2.-4~~
'HI ::::::

OUTPUTS

50'1.

50"1"

THREE·STATE
CONTROL

/200pF LO.dl _________________________________~UI!--------------------------t_~

NOTES:
1. All voltages are measured with respect to GNO.
2. The minimum value for VLADDER will give 2mV resolution. However. the
guaranteed accuracy is only that which is specified under "DC
Characteristics",
3. Non~linearity error is the maximum deviation from a straight line through
the end points of the AID transfer characteristic. Figure 6.
4. When EOC is tied to START, EOC delay is 1 clock period.
5. Zero Error is the difference between the actual input voltage and the
design input voltage which produces a zero output code, Figure 5.
6. Full-Scale Error is the difference between the actual input voltage and the
design input voltage which produces a full-scale output code, Figure 6.
7. Total Unadjusted Error is the true measure of accuracy the converter can
provide less any quantizing effects.

8.
9.

10.

11.

12.
13.

VII-16

Quantizing Error is the ± % LSB uncertainty caused by the converter's
finite resolution. Figure 5.
Absolute Accuracy is the difference between the actual input voltage and
the full-scale weighted equivalent of the binary output code. This includes
quantizing and all other errors.
Power Supply Rejection is the ability of an ADC to maintain accuracy as
the power supply voltage varies. The power supply and VREF(+) are varied
together and the change in accuracy is measured with respect to
full-scale.
Comparator Input Current is the time average current into or out of the
chopper-stabilized comparator. This current varies directly with clock
frequency and has little temperature dependence.
This is the time required for the output of the analog mUltiplexer to settle
within ± % LSB of the selected analog input signal.
A minimum duty cycle of 20% is required at the clock input.

