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COMPTEUR D' IMPUTSIONS tIO2O

(Murrr - scArER )

Brève description: J conpteurs I20 MHz et I conpteur à présélection J IîIlz,
avec affichages individuers et base d.e temps, d.ans un boitier NrM.

Spécifications:

- EntÉes/sorties: niveauxf,NrM rapides et connecteurs LEMO.

- Compteurs ( , conpteurs de 9 décades chacun ):
vitesse de conptage 7 I0O MHz;

durée des inpulsions d.'attaque (garantie) 7z 5 nsi
dépassement de capacité indiqué par I'allunage drun point lumineux
à gauche de 1r affichag'e d^u compteur corresporra.rrt et l r allumage des
zéros non significatifs.

- Compteur à préséIection ( T aécaaes ):

vitesse de conptage

durée des impursions drattaque (garantie) en mode couNT 2.. 5 nsi
utirisabre avec base de temps interne ro Hz (roode Trl@);
présélection en temps ( L/lo seconde) ou en inpursions, d.e 1a

forme n. IOr (n=O à 9, r=f à 6), notée oEr ( de IEI à gE6 );
alarme acoustique en fin de comptage (interruptible par conmutateur D,I
ou supprinoable par interrupteur interne).

- Affichages:

I affichage par conpteur, nunérique, décinal; diodes érectro-
Iurninescentes rouges, ] segments, hauteur des chiffres Jrg mn;

nornarement, extinction des zéros non significatifs.
- ContrôIe Arrêt/Mar cne /n m ( srmr/srop/sor-nnsnr ) :

nanuel en mode MASTER;

compteurs utilisabLes en batterie en node SLAVE com.nand.és par I MASTER.

- Entrée PORTE (Cnfe) à haute impédance (Hf-Z) agissant sur les entrées
des 4 compteurs; normalement ouverte.

- Test des affichages (B partout) et des compteurs surbase de temps interne(ne s'applique qu'aux compteurs I, 2 et j).
- Mécanique: boîtier NIIL 3/I2

- Alimentations z +6V/t,2A; -6Y/o,4A;+IZv/6OnA;-IZV/tOmA; -2+V/tnt' total tlW.

{
) IO tûIz
>/ 5 I4rrz

sans présélection;
avec préséIection;

JFL ]0.IX.81
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Utilisation:

- Entrées cowTER' RESET: impédance 50a; admettent des impulsions négatives4tenFlltude supérieure à 0,5 V.

- Entrée GA1E: 2 corunecteurs en pararlèle pour permettre le chainage; inpédance10 kfl vers -!v; sans connexion extérieure, pàrte ouverte; une terminaisonde 50fl sur une des 2 entrées bloque la porte; en cas d'utilisation, chalnerles entrées et terniner la chalne 
-sur 

5Oï i-* ,ir"",, NIM rapide ( _o,6 Vou plus bas ) est al0rs nécessaire pour ouvrir ra porte.
- sorties GATE, REsEl' L frrz, lo Hz: niveaux NrM rapides (re xnA correspond.antà -O,B V dans une terninaison de 5Ot).--'-"
- Renise à zéro et présélection autonatiques à rrencrenchenent (mise sous tension).
- conmutateur TrME/Cow (t,positions avec brocage): conrnute lf entrée duconpteur à présérection soit sur la base de teÀps interne ro Hz ir"a"ïnoelsoit sur lfentrée extérieure pr (mode COUNT).

- connutateur slevE/set (z positions fixes et I position inférieure tenrporaire) etconnmtateur m/nesm (2 positions temporaires et t position médiane fixe):
position SLAVE: poussoir START/STOp inactif;

SET et RESET nanuelg impossibles;
présélection inactive ;
test des affichages (m) possible;
fonctionnement dépendant à'un tiroir TT.ASTER par 

'interné-diaire des entrées GATE et RESET;
voyant du poussoir sr.sRT/sr0p alternant entre 1e vertpernanent et Ie vert clignotant.

position I{ASIER :poussoir START/STOp actif ;
nonbre présérectionné chargé par sET simuttanénent ou nonavec la nise à zéro par PJSET d.es conpteurs I à 3; Sef etRI'ET sont retardés drenviron r seconàe et sont inactivéspendant le conptage (voyant SI,ART/STOP à l,Atat .r"rt); 

--
Ûr teste rtaffichage sans perturber re contenu des compteurset sert aussi à arrêter Iralarne acoustique de fin deconptage (présélection atteintu).

- Poussoir START/STOp (temporaire, avec voyant):
inactif en mode SLAVE;
en node MASTER, dftermine Ie début et la fin du comptage,tant que Ia présélection n'est pas atteinte.

- Voyant du poussoir START/STOp:

enclenchenent
START

STOP

SET

ou
SET + PJjSIJT

.J'a,.Qè
.Sa
'4i'v

ouverte
GATE

(porte extérieure)

fermée

peruanent

ve rt
SLAVE

routre

I

ITASTi.JR

clignotant



Câbfage drune batterie de conpteurs:

MASTER

SoIL

External Gating

START

sET/RESET

PréséIection

Al.arme acousti<1ue

SLAVE StA\Æ

SorL

oooo oo
R,ESET G ÀTEO|JI ovr

L roro

0+ o

INo

Llo2o

o

oooo
,N otlT

oo
l^l

Lto to

oo
Itl

o o

oooo
tôl
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LTSTE DES ABREV]ATIONS

N

R

DT

M/S

FP

}4USC

t.''1DD

CB

ALR
OL

DP

CT

LSD

Precn t

Front Pone I

Counter circuits
D i sp I oy Boord
Contro I Boord
l'lont isse'
Exposon t
Disploy Test

A I orm Reset
0ver Lood (over f I ow)
Decimol Point
CounLer Test,
Leost Significont Digi t
Pre-tounter (Sl 9ô+LSl 26)
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SX DECADE COUNTER/ DISPLAYDECODER

4932lOlZWlt 1e1.06i128 ll 2it

nqrræag

MK50395N / MK50396N/ MK50397N
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E
D
D
D

tr
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FEATURES
O Single power supply
El Schmitt-Trigger on the count-input
D Six decades of synchronous up/down

counting
Look-ahead carry or bsrrow
Loadable counter
Loadable compare-register with com-
parator output
Multiplexed BCD and seven-segment
outputs
lnternal scan oscillator
Direct LED segment drive
lnterfaces directly with CMOS logic
Leading zero blanking
MK 50396 programmed to count time:
99 hrs. 59 min. 59 sec.
MK 50397 programmed to count time:
59 min. 59 sec. 99/100 sec.

DESCRIPTION

The MK 50395 is an ionimplanted, Pchannel MOS
sixd ecade synch ro nous u p/d own-cou nter/d isp I ay
driver with compare-register and storage-latches.
The counter as well as the register can be loaded
digit-bydigit with BCD data. The counter has an
asynchronous-clear function.

The MK 50396 and MK 50397 operate identical-
ly 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 applica-
tions while the MK 50397 is best suited for stop
watch or real time computer clock applications.

PIN CONNECTION

S€G ME NTS

BCO

OUY

STOR€

co

couNrER c c

8CD rN C!

cl
CL€AR

uP/ oor\tN

ZERO

CARRY

couNl rNHr8tl

COUNT

R^

RÊ R€&SIÊR
6CO

Rc lN

Ro

LOAO COJNTER

LOAO REGISTEÂ

oe MSD
O5

o 4 orcrT

D J Strobes
ù2
orLSD

€QUAL

Voo

sclN

s€-Î

L2A

( canninq is controlled by the scan oscillator\ rnput wÏich is self-oscillating or can be driven
bi an external signal. The six-decade register
is constantly compared to the state ot the
six-decade cbunter'and when both the register
and the counter have the same content, an
EOUAL signal is generated. The con-tents of the
counter ca-n be trânsferred into the 6-digit latch
which is then multiplexed 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 dis-
abled "by an extern-al signal. This device is
intended to interface directly with the standard
CMOS logic families.

o

b

c

d

ô

I

9

A

I

c

o

..;:
.'

a

MK 50395
MK 50396
MK 50397



OPERATIONS:

SIX DECADE COUNTER, LATCH

The six decade counter is synchronously incremented
or decremented on the positive edqe-of the count
input siqnal. A Schmitt tiigger on this inp.ut provides
hysteresisfor protection against both a noisy environ-
ment and double triggering due to a slow rising edge
at the count input.

ïhe count inhibit can be chanqed in coincidence with
the positive transition oJ the ôount input; the count
input is inhibited when the count inhibit is'high.

The counter will increment when uo/down inout is
high (VSS) and will decrement wheri up/down'inÀut
is .low. The up/down input can be cËanged .ZS rcprior to the positive transition of the colnt inprit.

The clear input is asynchronous and will reset all
decades to zero wheÀ brouqht hiqh but does not
affect the six digit latch or the-scan c-ounter.

As long as store input is low, data is continuouslv
transferred from the counter to the disolav. Datâ
in the counter will be latched and displayéO wtreÀ
store input is high. Store can be chang'ed 'in coinci-
dence with the positive transition of thàcount input.

The counter is loaded digit by digit corresponding
to _ the digit strobe outputs. ' BCb thumË wheej
switches with four diodes per decade connected
between the digit strobe outpirts and the BCD inputi
is one method to supply BCD data for loading'the
counter decades.

The load counter pulse must be at V55 2 micro-
seconds prior to -the positive transition of the digit
strobe of the digit to be loaded. The load count-er
pulse may be removed after the positive transition
of. the digit s-lrobe 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 capable of
sou.rcing 

.1 
OmA average current p'er segment ôver one

digit cycle. Seqments are on 
-when 

ât Vcc. The
Carry, Fqual, Zèro, BCD and digit strobe îutputs
are push pull and _aIe o! when at V5s. All inputs
except Counter BCD, Register BCD, and SCAN
inputs are high impedance CMOS compâtible.

Three basic outputs originate from the counter:
zero output, equal output, and carry output. Each
output goes high on the positive (V55) going edge of
the count input under the following conditions: -

Zero output goes high for one count period when all
decades contain zero. Dur!ng a load counter opera-
tion the zero output is inhibitet.

Equal output goes high for one count period when
I the contents of the counter and comoare reoister
I are equal. .The. equ.al output is inhibited by a"load-t counter or load register operation, which lasts until

the next interdigit _blanking period following a
I negative transition of Load eounter or Load Èeg-I istËr.
!

'carrv occurs at 99 59 59 for the MK 50396 and s9 59 99 for rhe MK 50397

The carry output goes high wi!h_![e leading edge ofthe count anp-qt qt_ the count of 000000 whën côuni-
!1s uo..gr at 99999.9* when counting dowÀ ânà-gàL;
low with the negative going edge of the same côunt,
input.

lgg,rnt.frequency of 1 MHz can be achieved if the;
equal ogtput, zero output and carry output are notl;
usecl. I hese outputs do not respond at this frequencv
due to their output delay illtistrated on the timini;
dlagram.

SIX DECADE COMPARE REGISTER

The register is loaded identicatly to the load counter:
paragraph described previously.- The register may be
loaded. independently of the-counter, -however,' 

the
clear input_ will not remove the regïster contents.
Contents of the register are not displaled by the BCD
or seven segment outputs.

BCD & SEVEN SEGMENT OUTPUTS

BCD or seven segment outputs are avai
strobes are decoéed interdalty by a ,',f,'.5'rr{; 

t

Johnson counter. This countËr séans from MSD to
LqD. By bringing the SE-T input low, this counter
will be forced to the MSD decade count. Durino this
time the- segment outputs are blanked to prôtect
against display burn out.

BCD outputs are valid for MSD when SET is low.
Applying V5s toSETallows normal scan to resume.
Digit 6 output is active (Vss) until the next scan
clock pulse bring up digit 5 output.

The segment outputs and digit strobes are blanked
9y rilg the 

- 
interdigit blanking time. Lead ing zero

blanking affects only the selment outputs.' This
option is disabled by biinging the tZB'input hiqh.
Typically the interdïgit blanking time is'5 to 25
microseconds when using the internal scan oscillator.

8CD output data changes_at the beginning of L .
interd.igit blanking time. Therefore the BCô outp-ut
data is valid when the positive transition of a d'igit
output occurs.

SCAN OSCILLATOR

The MK 50395 has an internal scan oscillator. The
frequency of the scan oscillator is determined by an
external_capacitor- between Vg5 or Vpp and lcan
input. The wave form present-on the séa-n oscillator
input is triangular in the self oscillate mode.

An external oscillator may also be used to drive the
sc_an input, ll elther case, external capacitors of
iS^Opf. each will be requiredfrom Vg5 io Counter
BCD inputs and register BCD inpu-tT. This will
allow asynchronous - loading of the BCD inputs.

ln the internal drive mode the interdigit blanking
time will be the sum of the negative dwàll perioO ôi
the external oscillator and thdnormal self oscillaie
blanking time. (5 + 25psec). Display brightness CaÀ
be .controlled by the duty cycle oï the exiernal scan
oscillator.

I



r
lf external capacitors on the BCD inputs are un-
desirable, it will be necessary to synchronize the
negative'going edge of the loa'd register and/or load
counter -commanil to coincide with the positive
going edge of the scan input signal. Also the Vsg
iangè shôuld be limited from '10.8 to 13.2 volts.

Tvoicallv. the scan oscillator will oscillate at the
followinô' frequencies with these nominal capacitor
valves frôm Vs5 to scan input.

820pF

47OpF

1 20pF

Min

1.4KHz

2.0KHz

7.0KHz

Max

4.8 KHz

6.8KHz

20KHz

FUNCTIONAL DIAGRAM
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ABSO LUTE MAXIMUM RATI NGS

Voltage on Any Terminal Relative to
Operating Temperature Range (Ambi

Vo.

Von

lo"

I r"o*

I a"o"

t_. 
SET

NOTES

V
ent

.. . +0.3V to -20V
OoC to +70'C

Storage Temperature Range {Ambient).

MAXIMUM OPERATING CONDITIONS

T

Vrr-

VrH

Vss

lss

BV

PD

ELECTRI CAL CHARACTE R ISTI CS
(Voo = 0V, Vss = + 10.0V to * 15.0, 0'c < TA < 70" c)

Static Operating Conditions

. -40"C to +100'C

NOTES

NOTES

1

2

3

i
4

5

5

6
7

1.

2.
With 150 pF capacitor to Vqç from counter BCD and register BCD inputs.
l5g with inputs and ortput."Ëpun at OoC. 28mA at 25t and 25mA at 7OoC. This does not include segment current.
Total power per segment must be limited not to exceed power dissipation of package. (O14 = 100 C/Wattl
All outputs loaded
MIN V1g from R4 Rg R6 R9 C4 Cg Cç Cg inputs is V5g -2.5V. Those inputs have internal pulldown reisitors to VDD
This applied to the push pull CMOS compatible outputs. Does not include digit strobes on segment outputs.
For Vggl = VSS -2.0 volts. Average value over one digit cvcle.
For VggT = VSS -3.O volts. Average value over one digit cycle.

I

,

i
ir

Ë

I

I
I

t

i

3.
4.
5.
6.
7.

PARAMETER MIN MAX UNITS

Operating Temperature 0 70 c

Supply Voltage (Vee = 0V) 10 15 V

Supply Current 30 MA

Break Down Voltaoe
(Segment onl'y @ lb sA) vss - 26 V

Power Dissipation 670 MW

P,ARAMETER MIN MAX UNITS

lôput Low Voltage, "0" Voo 0.2vss V

lnput High Voltage, "1" Vss-1 Vr.

Output Voltage "0" @ 30p A 0.2vss

Output Voltage "1" @ 1.5 mA 0.BVss

Output Current "1"
digit strobes
segment outputs

3.0
10.0

mA
mA

Scan lnput Pullup Current @ 0V 5.5 mA

Scan lnput Pulldown
Current @ 15V 2 40 pA.

SET lnput Pullup Current @ 0V 5 60 PA



I
Dynamiç Operat ing Conditions

fc,

fs'

t cpw

t spw

tss

t crs

t uos

t cpw

tcs

toa

toH

10

11

1',|

11

11

11

1',|

11

tcn 11

t ct-t 12

tea 11

tEH 11

t,-

NOTES:
8. Measured at 50% duty cycle.
9. ll carry, equal, or zero outpuls are used, the count frequency will be limited by their respective output times.

10' The count pulse width must be greater than the carry access; time when using the carry output.
1 1. The positive edge of the count input is the I = 0 reference.
12. Measured from negative edge of count input.

NOTES

8,9

PARAMETER MIN MAX UNITS

Count lnput Frequency 0 1.00 MHz

Scan lnput Frequency 0 20 KHz

Count Pulse Width 400 ns

Store Pulse Width 2.O gs

Store Setup Time 0 ps

Count lnhibit
Setup Time 0 ps

Up/Down Setup
Time -.75 gs

Clear Pulse Width 2.O ps

Clear Setup Time - 0.5 prs

Zero Access Time 3.0 ps

Zero Hold Time 1.5 ps

Carry Access Time 1.5 l.l s

Carry Hold Time 0.9 ps

Equal Access Time 2.O lls

Equal Hold Time 1.5 lrs

Load Tirne tfa t,

PACKAGE DESCRIPTION 40-pin Dual ln-Line Plastic

--t

6 2r !:oo25 -----.{l
-1_oro

o30w
-l_T

NOTE:

The true position pin spacing is O.1OO betwosn contar
lines. Êach pin centerline ls located withint OIOO ot
its true longitudinal position rolatlv6 to plns 1 and 4O.

Mostek reserves the right to make changes in specifications at any time and without notice. The information furnished by Mostek
in this publication is believed 10 be accurate and reliable. However, no responsibility is assumed by Mostek for its use; nor for any
infringements of patents or other rights of third parties resulting trom its use. No license isgrantedunderany patentsorpatent
rights of Mostek.
print.d tn c€rmany copyright 1976 by Mostek corporation

All rights reserved
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TIMING

COUNT

UPlOOWN

t* tro. l* tuor
I

tcl -1 Ft""
COUNT INHIEIT

t.t

STORE

trct *l tr., l*
CLEAR

J l* t",

COUNT

ZERO

5- to^
' 3ft

tor r-

-'1 tt^ tcx

CARRY

t.^ 1 -'1 t:" f-
EAUAL

SCAN

LOAO COUNTER

!g

(

tr
LOAO REGISTER

LOADING COUNTER, REGISTER (1 DIGIT)

tr-s .

LOAD COUNTER
OR REGISTER

l-t ou-'l
8CO oAlA INPUT

DIGIT OUTPUT 6

DIGIT OUTPUT 5 ETC

COUNT INPUT,CARRY
EAUAL. ZERO OUT PUT
INHIBITEO OURING THIS

TIM E

COUNT INPUT

tqs 2.Opscc mrn NOTEI REE'TO POSITIVE
TRANSI$TION OF DIGIT OUTPUTI

tsy 2.Oyrcc mrn NOTEI REF TO NEGATIVE

EOGE OF OIGIT OUTPUT

--a
I

5?
5t

(

ZERO OUTPUT

CARRY OUTPUT

t"^ 1 F{Fto*

t.^ I L Lcx

t.oJ tex

NOTE:

The inhibit function of the zero or equal
outputs does not end when the Load Count-
er input goes to a "0" unless that transition
occurs during interdigit blanking period at
least 2.O psec prior to a positive transition
of a digit output. This same timing re-
striction hold for Equal and Low Register.

l-- -t F
EOUAL OUTPUT
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02/318 5a37
TELEX 25 60I
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GERMANY

MOSTEK GMBH
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I IL rcM721 6A nfficlD

Universal Counter, Drives Common
Universal Counler, Drives Common
Frequency Cbuntér, Drives Commo
Frequency Counter, Drives Commo

LA S ER- & E le ctronic-E q u ipme n t

Anode LED,s i"',iî!ilt::l Bo53 z,jrich

CâmpAe f gô:" relot 55333o'retex52124

n Anode LED's
n Cathode LED's

J lcM7216CI rcruz216D

FEATURES
tcM7216A aruo;'.gj;
o Functlons as a Frequency Countôr, perlod Counler,

Unlt Counter,;freguency Ralio Counler or Time
lntervat Counler

. Four lnlernal Gate Tlmes:
0.01.sec, 0.1 sec, 1 rec, 10 sec ln Frequency
Counter Mode

tcM7216A
I CM7216B )

t

f
F

I

o 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles ln(. lerlod, Frequency Ratlo and Time lnterval Modes
o Measures Frequencies lrom DG lo 10 MHz
o Measures Perlod from 0.5p sec to 10 sec
ICM7216C AND D
r Funcllons as a Frequency Counler. Measures

Frequencles lrom DC to 10 MHz
. Deblmal Polnt and Leadlng Zero Blanklng May be

Exlemalty Setected

ALL VERSIONS:
. Elgh! Dlgtt'lf,tutilptexed LED Ourpurs
. Output Drivers will Directly Drive Both Digits and
. Segments ol Large LED Displays. Bolh Common

Anode and Common Cathode Verslons are
Avallable

GENERAL DESCRIPTION
The lCM72!6A and B are fulty integrated UniversatCounters ano teO disptay Jrii,eïi.-inàv;omti;;;
ftlO! fqeSuerncy.ogciilato r, a de.cape rimebase counrer,
an g cl€cade dataicounter and iatches. a 7 segmeni
de.coder, digit multiptexers and g,"jr"nt anO 6 oigit
drivers which can directty drive larle LED Oispùis.
The counter inputs nave â maximum- treqrencyïi'rô
MHz in frequencv and unit counter modes andZ'Mflzin
the other modes. Both inputs are digital inputs. tn
many applications. amplification and levelshiliing will
be required to obtain propr'r digitat signats for tîeie
inputs.

The lCM7216A and B can function as a frequency
counter, period counter, f requency ratio tfnlf a r

counter. time interval counter or âs a totali2ing
counter. The counter uses either a 10 MHz or 1 MHiquartz crystal timebase. An external timebase input is
also.provided. For period and time interval, the tôUXz
timebase gives a 0.1 psec resolution. ln period 

"u"of"and time interval average. the resolution can be in tÉe
nanosecond range. ln the frequency mode, the user
can select accumulation tirne of 0.01 sec, 0.1 sec, 1 secand 10 sec. With a 10 sec accumulation time. iÀ" I
freq.uency can be disptayed to an accuru"v oiô.i H; ;; ;the least significant Oigii. There is 0.2 secohds between *
measurements in all ranges. 1
The lMC7216C and D function as frequency counters !only, as described above. .r;. Sinele Nominal 5V Supply Required

l. St-"-bl" Hlgh Frequency Osclilator, Uses Elther-,. 'MHz or 10 MHz Cryitat

J tnternally Generated Multiplex Timing with
I Jnlerdlgit Blanking, Leadlng Zero Blanking

and Overllow lndication

J Decimal Point and LeadingZero Blanking
I Controlled Directty by the Chip

-' 
Dlsplay Off Mode Turns Off Display and puts

I Chip into Low power Mode
rr Hold and HGî tnputs tor Additional Ftexibitity

i 
Test Speedup Function tnctuded

I All Terminats protected Against Static Discharge

RDERING INFORMATION
niversal Counter for use with Common Anode LED Display:
niversal Counter for use with Common Cathode LED Oispiay

All versions of the lCM72l6 incorporate leading zero
b_llnking. Frequency is disptayed in KHz. É tne
lCM7216A and B. time is disptayed in ssec. Tne Oispiayis multiplexed at 50OHz re,ith a 12.5% Outy cycle lor
each digit. The |CM7216A and C are desighed for
common anode display with typical peak legment
currents of 25mA. The lCM72l68 and D are deslgnedfor common cathode àisptays with typicat É;;isegment currents of l2mA. tn the disptây off mode.
both digit drivers and segment drivers are turned offenabling the display to be used for other functions.

o
Ià{
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o
>
tr
o
o

r
ot
!
o
{
o

o
-
o
an

requency Counter for use with Common Anode LED Display:
requency Counter lor use with Common Cathode LED Display
valuation Kit:

tcM7226 EV/Kir
ITERSIL, INC., IOTIO N. TANTAU AVE., CUPERTINO. CA 950I4

tcM 72't6 A
lcM 7216 I
lcM 7216 C
lcM 7216 D

tJt
tPt
tJl
tPt

I 
L 

"..r.n" 
rSæ Outlrnc Onwingr

L T.mp.rrturc Rengc -?O'C to +70'C

I
Typr

14081 996-5OOO TWX: 9tG33B-Ot7l
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rcM7216-
PIN CONFIGURATIONS

Inffiru
,t:il

,: f:.

J,J

;1

coiTnot titPlrt
lrfi.,r t

ruÎ{clro( tr'Ut
occls^t l9till (trTart

t€c c oulrut
t€c o outtlrl
t€o A oulrut

'v'
l€O D qrrrur
3€O I OutruT
3€C C OUttrrI
a€o F (xrlruY

FÉIETrt*ur
iATGÉ IT'PUÎ

cotttTRoL D|PUl
--fFC?EAn-r i-ri Ffr G n iS

O€CIMAL IOINT OUTPUT

SfG E odrPUT

S€G G OUTPUi

3€G A OUTPUT

v-
SfG O OUTPUT

S€G 8 OUTPUT

s€G c outPiJt
SCG F OUTPUT

mSËï rNPUr

EX. O.P. INPUT

FAT'G€ INPUT

tâl?rrl A

HOtO Utrrl
cEqrtrrrr
olc ritt l
:xtGclrl't
orclt 0 qrTx,rt
orcrt r oulruÎ
orcrr t q.rrru1

DIGIT'OUTru'
otcrTa oulrut

oa(itlt
ù'

It Gtta ouÎru1
txcrt 5 oulxrr
D.Grta ouTrul
orcrlt outrut

FËlFfnrur
i^xcc rirlrl

ct{Tf,ot ltaPUT

iiËEFT-fËF' iE 
'FæEESOIGIT O q,IPIJT

olctT 2 0J1?r'1
DsGIT T OUT'UT

otcrT t oulPul
v-

otclt a oor?1.,T

CI{GIT 5 OUTPUT

otcll6 ouT"uT
DTGIT 

' 
OUTPTJ'

FFFi rNPrJr

Éx- ot trçuT
RANGE IT?IJÏ

lprrrA
xoLo nfirÎ

orrfÊrt
@trtuT
cxr @ rrlPrrt

o€cn at r9|rtr ounvT
s€c G ourÊil
3EC C qrrtirl
t€o a outrul
sEC O OUlruÎ
v.
5€G I OUrruT

t€G c ourPul
stc r qrrrut

orTrctF'gt
. l?r.tTl

^rgt|oraoKlrloouDul
(xotrlouTrut
orcrtt oulruT

OIGIY 
' 

OUTruI
orcrla (IrÎruÎ
olctl t ourntT

FIPUT 
^xoLo rI./PUT

irsc ounur
osc tr.rpur

€XT æ IIVPUT

OIGIT O OUTPUY

otctT t orJr"ur
OIGIT 2 OUTPUT

OIGIT 3 OU'PUT

OIGIT 
' 

OUÎFUT

INPUT A

xoto rfir'uT

OSC OUTPUÏ

INPUT

OIGTÏ 
' 

OUTPUT

OIGIT 6 OUTruT

otcrï t our"ul

EXt OSC rr{Pur

OECIMAL POINT OUTPUT

SEG G OUÎPUT

SEG € O{JTPUÏ

S€G A OUTPUT

S€G O OUTFUÏ

S€G t OUYrul

S€G C OUTPUI

S€G F OiJTPUI (

EVALUATION KIT
The lCM7226 Universal Counter System has all of the
features of the lCM7216 plus a number of additional
features. The lCM7226 Evaluation Kit consists ol the
lCM7226AlDL (Common Anode LED Disptay). a 1O
MHz quartz crystal. 8 each 7 segment .3" LED's, P.C.
board, resistors, capacitors, diodes. switches. socket:
-verything needed to quickly assemble a functioning
- rÂ7226 Universal Counter System.
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ABSOLUTE MAXIMUM RATINGS
Maximum Supply Votta9e 1[' - V- I ..... 6.5 VottsMaxirnum Digit Ou tput Cu rrenl 40OmA

60mA
Maximum seg ment Output Current
Voltage On Any lnput or
Output Terminatlrl \y' + .gv ro V--.bV

Noter:

Maximum Power Dissipr on at70"c .

Maximum operarins r",noSrl,Trltts 
(lcM72168 a ôi

Range

Maximum Storage Temperature . -. .Range _SS"C to *125oC

ONffiru
NOTE: Slrestôt rboy. thosc listed under .Absolulo 

MaxamumRellngr" m.y cru3c p€rmanenl dovice iaalure, Theso arertress ratingr onty_and luncrionat 
"p;; ";,L;;ï:iÛrctc or rny othcr conditionr 

"Uo"" 
,ior.opor!tion rections ol rhir spGciricarion 

indicated in..rho

Exporura to abcoru-ra 
';;.;::'i-i:-1 

't n9f 
.implied.

cxrcndcd 0",.;,iIJ""Jï,iï["î:;i]r",:"";,,o"i"i"i 
]

'' Iiili::l:i::,îï:ïî:',ï:,""1*"îJifiT,ïffi':î'ïJ::i1î::i:l...,p,iedb,'o'c,hcpore'upp,yi,app,iedori,

(

ELECTRICAL CHARACTERISTICS
TEST CONDTTTONS: V+ _ V- = 5.0V, Test Circuit, T1 = l5o6 , unless otherwise specified.

I

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNITS

y Cunenl

tcv7216,./A
Operating Suppt loo Oisplay Off. Unused lnputs to V- 2 5 mASupply Vollago Range -20. c TA +7Q. c. nput A.

n Bput UEFreq atncy Fvex 4.75 6.0 VoltsMarimum Frequency
lnput A. Pin 28

Fr uex '20"C<Te<+70.C
r.7S < V+-V-< 6.0V, Figure t.
Functiron = Frequency. Ratio. Unit
Countcr
Funclion = period. Time lnterval

10
2.s ,MTu

MHzMaximum Frequenry
lnput B, Pin 2

Feilex -20'C<Te<+70"C
il.75v<rr+so.ov

2
2.5 MHz

-2O'C<Tr<70.C
il.75v<Vr<6.0V
Figuro 3

250 nSec

Minimum Separation
lnput A to lnput B
ïimo lnlerval Function

Mrximum Osc. Freq. and Ext.
Osc. Frequency 

:

-20'C<Te<*70oC
,a.75<v+-v- <6.0V l0 MHzMinlm um E oxt. 3C. Freq.

r00 KHzOscillator Transcond uctance 9m 75V.v V- 1 +TA 70. c 400
FsMultiplex Freque ncy f-rr forc = l0MHz

500 HzT lmo nBetwee eM feasu lsmen foac = l0MHt
200 rns€clnput Voltages:

Pins 2.13.25.27.28
lnput Low Voltage
Input High Votr a9e

Vn-

Vrx

-20'C<Te<*70.C

3.5
1.0 Volt!

Voltilnput Resistancc to Vr
Pins 13.24

R

l00K 100K ohmslnput Leakrgc
Pin 2l lg

t0 yA

30F t6



PARAMETEF SYTSOL coHotTroN ITIN. wP. uAx. UNIT9

rcM7216A
Oigit Orlwc
Pin! I 5. I 0. 1 7 ,rg.n,21,22.23
Hlgh Output Curront
Low Output Current

ûofl
loL

vour-v+- eov
Votr - l.OV

-'t70 -200
-0.3

mA
mA

Scgrncnt Driver
Pinr 4.5.6.7.9.10.1 l.t 2
Low Output Current
High Output Currsnt

lot
lox

Vosl-V- +f.sv
vour-v+- zsv

I 35
too

mÂ
yA

Multiplcx lnputs:
Pinr 1.3.14
lnput Low Voltagc .

Input High Voltegc
lnput Resirtancô to V-

Vrr
Vrx
R Vx-V-+1.0V

v- + 2.0
100 200

0.E Vottr
Voltt
KN

lcM72168 '

Digit Driven
Pins 4.5.6.7.9, 10.1 1.1 2
Low Output Current
High Output Current

lol
lox

Vour=V-+1.0v
vow-v+- z.sv

50 75
r00

mA
pA

Segment Oriver:
Pins 1 5.'l 6,1 7,19,æ,21,22,23
High Oulput Current
Leakage Current

loa
lL

vour = v+- 2.ov
vourovt- 2.5v

10

10
mA
pA

Multiplex lnputs:
Pins 1.3,14
lnput Low Voltago
lnput High Voltage
lnput Resistance to V+

VtL
Vrx
R v+ - t.ov

v+ - o.g
2æ 360

rF - z.o Volt!
Volts
KN

s-\

tcM72l6
ELECTRICAL CHARACTERISTICS (Contlnued)

TYPICAL OPERATING CHARACTERISTICS
TEST CONDITIONS: V+ - V- - 5.0V. Test Circuit, Tn = 25oC, unless otherwise specified.

Multiplex Frequency

ne Botweon Mea3urement3

lnput Voltrges:
Pins 12.27.28
lnput Low Voltage
lnput High Vottâge

lnput Resislanc€ lo V+
Pins 12.24

.1f. .., .t, 1

INffiru

(

(

PARAMETER SYMEOL coNotTroN ulN. TYP. MAL UNITS

rcM7216C/O
Operating Supply Current loo Display Off. Unused lnputs to V- 2 5 mA

Supply Voltage Range -20'C < Te < +70"C. lnput A
Frequency at'Fuex .t.75 6.0 Volts

Maximum Frequency
lnput A. Pin 28

Fuex -20'C<Te<{70'C
4.75 < V+ - V - < 6.0V. Figure 1 10 MHz

Mâximum Osc. Freq and Exl.
Osc. Frequency

-20'C<Te<+70'C
4.75 < V+ - V - < 6.OV 10 MHz

Minimum Ext. Osc. Freq. 100 KHt
Oscillator Transconductance 9m V+- V- =,t.75V, Te = +70'C 400 ,rmho3

f .r" forc = lOMHr 500 Hz

lorc = lOMHI 2æ m30c

Vt
Vrx

-2(FCcTr<+70'C 3-5
r.0

Volts
Volt!

R r00 400 KN

lnput Lcrkagc
Pin 27 ll r0 pA

lnpui Currcnl
Pin 2

lol voL-V-+.aV 0.36 mA

lox Vqx = V+- .8V 26s pA



PARAUETER sYUBOL coHOtTtON utN. TYP MAIL UNITS

tcM7216C
Digit Orlvcc
Pins 15. t 6.1 7,19,æ.21,22,fJ
High Outpul Currcnt
Low Outpul Cu.rent

lorx
lor

Vour-v+- 2.ov
vour - l.OV

-t70 2@
.{r3

mA
mA

Segmcnl Driwc
Pinr 3.4,5,6.8,9,10.t I
Low Outpul Currcnt
Hlgh Output Currcnt

loL
lox

Vour-V-+1.5v
-vour-v+- 2.5v

25 æ
r(n

mA
rA

Multiplcx lnputt:
Pinr l.l3.1l
lnput Low Voltagc
lnpul High Voltagc
lnpul Resistance lo V-

Vn
Vrx
R VH=V- *t.OV

v- + 2.O

1fit 200

0.8 Volts
Volts
KN

tcM7216D
.'rgit Driver:
.'ins 3,4,5,6,8,9. t0,t 1

Low Output Current
High Oulput Current

loL
lor

vour=V- +2.0v
vour=v+- 2.5v

50 75

100
mA
yA

Segment Orivec
Pins I 5. 1 6, 1 7. 19,20,21,22,23
High Output Current
Leakage Current

lon
lg

Vour=v+- z.ov
vour=v+- z.sv

10 r5
10

yA
yA

Mulliplex lnputs:
Pins 1.13.14
lnput Low Voltage
lnput High Voltage
lnpul Resistance to Vt

Vrc
Vrx

v.-V*- t.ov
v+ - 0.8

200 360

v+ - 2.0 Volts
Volts
kn

}CM7216
TYPICAL OPERATINc CHARACTERTSTTCS (Conrinued)

Inm0L

I

IrFt T A
a5v

o.5v

50 d lllN

ç'rt'lo lç
60 É I4lN

IflPUT A

FIGURE 1. Wavelorm lor Guaranteod Mlnlmum FAMAX
Functlon = Frequency. Frequency Railo, Unlt Counter.

25{t 6 MIN 23O nr MIN
lr$ruÎ I

FUflCrlO.{ . ç 'lt' lo ôÊTIMI ITVT€RVAL

FIGURE 3. Weveform tor Mlnlmum Ttme Belwcen
Tranrltlonr ol lnpul A end lnput B.

Channel A going negative starts the time interval
counter. Channel B stops the counter. Channel A must
then go negative after B goes negative to complete the
measurement cycle. On repetitious signals. this occurs
automatically. On "one-shot" time interval measure_
ments. external provisions must be made to accorn_
modate the above described procedure.

25O d
INruI A

OR
llrtut r

a.5v

o.5v

MIN

230 d
utt{ ç 'lt' lo G

FIGURE 2. Wavelorm lor Guaranleed Mlnlmum Fsuex
rnd Fexex lor Funcllon = perlod rnd Tlme lnlerval.

50F 16
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ltFt,Y A v.
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TEST CIRCUIT

OVERFLOW WILL BE INDICATED ON THE DECIMAL
POINT OUTPUT OF DTGIT 7.

LED OVERFLOW INDICATOR CONNECTIONS

CATHODE ANODE

v'r v' txTocc ÎÊal
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lcM721.6
APPLICATIONS NOTES

GENERAL

lnpub A rnd B
lnputr A and B are digital inputs with a typical switchlng
throshold of 2.0V at V+= 5.0V. For optimum perlormance tho
poak-to-peak lnput signal should bo at least 50% ot the
rupply voltâgo and centerod about the swilching voltage.
When these inputr are belng driven from TaL logic, il is
desirablq to us6 a ilullup ioslstor. The circuit counts high to
low transitions at bolh inputs.

Notc: The amplituda ol the input should not exceed the
oupply, otharwise, tho circuit may be damaged.

MulUplcred lnputr
The lunction. range, control and external decimal point
inputs are time multiplexeô to select the input lunction
desired.This is achieved by connecting the appropriate digit
driver output to the inputs. The input lunction. range and
control inputs must be stable during the last half of each digit
gutput. (typically 12Spsec). The multiplex inputs are active
high for lhe common anode lCM7216A and C and active low
lor the common cathode lCM72168 and D.

Noise on the multiplex inputs can cause improper operation.
This is particularly true when the unit counter mode of
operation is selected, since changes in voltage on the digit
drivers can be capacitively coupled through the LED diodes
to the multiplex inputs. For max_imurp noise immunity, a 10K
resistor should be ptaced in serTËs vlith the multiplex iii'puts
as shown in the application notes.

I ;m: 
shows the f unctions setecteô by each disit for these

Control lnpul Functlonr .

a. Display Test - All segments are enabled continuously,
giving a display of all 8's with decimal points. Tho display
will be blanked il Display Off is selected at the same time.

b. Oisplay Ott - To enabte the Disptay Off mode it is
necessary to input D3 to the control input and have the
HOLD input at V'. The chip wilt remain in the Display Off
mode until HOLD is switched back to V-. White in the
Oisplay Oll mode, the seg ment and digit driver outputs are
open. During Display Off the dscillator continues to run
with a typical supply current of 1.SmA with a lO MHz
crystal and no measurements are made. ln addition.
inputs to the multiplexed inputs will have no etfect. A new
measurement is initiated when the HOLO input is
swltched to V-.

-. 1 MHz Select - Thà t tr4Hz select mode altows use of I .t

MHz crystal with the same digit multiplex rate and time' between measurements as with a l0 MHz crystal. The
decimal point is also shifted ono digit to the right in period
and Time lnterval, since the least signif icant digit will be in
,ssocond increments ralher than 0.1 ssec increments.

d. External Oscillalor Enablo - ln this mode the external
oscillator inpul is used instead ol the on-chip oscillator for
Timebase input ancl Main Counter input in Period and
Time interval modes. The on-chip oscrllator will continue -
lo f unction when lhe external oscillator rs selected. Thc
external oscillator inpul lrequency must be greater than
lO0 KHr or tho chip will resel itsetf to enabte the on-chip
oscilla tor.

0nffiil1
TAELE 1

.01 secll Cyclo

.1 sec/10 Cycles

1 s€c/100 Cyctes

l0 aecll K Cycles

External Range
lnput Enabled

e. Externat Decimal Point Enable - When external Oecim(
point is enabled a decimal point wiil be displayed
whenever the digit driver connected to the external
decimal point is active. Leading Zero Blanking.wjll- be
disabled for all digits following the decimal point.

f. Test Mode - ln the test mode the main counter is split into
groups of two digits each and ths groups are clocked in
parallel. The refere0ce counter is split such that the ctock
lnto the relerence counl goes directly to the clock of the
third decade counter (10 sec/l K cycle range t. Tho count
in the main counter is continuously output.

Range lnput - The range input selects whelher the measure-
ment is made for 1. 10, 100. 1000 counts of the relerence
counter. ln all functional modes except Unit Counter a
changs in the range input will stop the measurement in
progress without updating the display and then initiate a new
measuremenl. This prevenls an erroneous f irst reading altor
the Range lnput is changod.

Function lnput - The six lunctions lhat can be selected are:
Frequency, Period, Time lnterval, Unil Counter. Frequency
Ratio and Oscillalor Frequency. This lnput is available on tho
lCM7216A and B only.

Do4
Dr6
Dz5
DrV
Dri

FUNCTION DIGIT
'Functlon lnput;

Pin 3
(rcM7216A & B
Only!

Frequency

Period

Frequoncy Ratio

Time lnterval

i!ïn countcr
Osclllator
Froquency

Do

Dl
Dr

Ot
pa't.:i

D2

Rango lnput

Pin 14

Control lnput

Pin 1

Oisplay F Dl and Hold

Dt
Dr

Do

'.'..4,{,'' '.^.- ., j

Displair TdSt'"
1 MHz Select

External Oscillator
Enable
'External 

Decimal
Point Enàbl-e

- I L.r-*-. i
Test

Dz

External Decimal
Point lnput

Pin 13, lCM7216C
& O Only

Decimal point is output for same
digit that is connected to this
input
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J:3:::, :,"", which sis nar is counted into rhe M ain
Counter and which signal is counted by the relerence

tru:"; ;:" i i;î", ï,i: :lî,: 
"' 
:,'iil :,' ï :lï nlt ; 

i 

i i I
1 transition ol lnput B. The oscillator is gated into th; Main

_,Counter lrom,the time lnput A toggles the llip flop unlit lnpul
I gates the flip flop. A change in the tunction input wiil siopIthe measurernent in progress without updating lhe display

and then initiate a new measurement. This prevents aà

lerroneous 

lirst reading after the Function tnput is changed.

TABLE 2

fxternal Decimal Point lnput - When the external decimal
]oint is selected this input is active. Any of the digits, except

Dr. can be connected to this poinl. D7 should not be used
.f iî:. it will override the overflow output and teading zeros
Jill.remain unblanked after the decimal point. This input isrlvailable on the lCM7216C and D only.
Hold lnput - When the Hold lnput is at V1 any measurement

fr pr^^ress is stopped, the main counter is reset and the chip
F ll, ready to initiale a new measurement. The latches
which hold the main counter dala are not updated so the last
jo:tllete measurement is disptayed. When Hold is changed.
J v . a new measurement is iniliated.
!eset lnput - The FEEi tnput is the same as a Hold lnput.
except the latches for the Main Counte( are enabled,

fsulting 
in an output of all zeros.

DISPLAY CONSIDERATIONS

f ne Oisptay is mutriptexed at a 500 Hz rate with a digit time of
14.1 gsec. An inlerdigit blanking time of 6 gsec is used toprevent ghosting between digits. The decimal point and
l:ading zero blanking have been implemented for right hand
l9ctmal point displays. Any zeros lollowing rhe decimal point
wrll not be blanked. Also, the leading zero blanking will be
disabled in the Main Counter overllows.

ln" rClr.rZZr6A and C are designed to drive common anode
fED displays at peak current of 25nrA./segment. using
Jisplays rvith Vr = I B V at 25mA. The average DC current rviii
l€ over 3mA under these conditions. The lCMZ2l6B and D

Jc desrgncd to drive cornnton catllode <Jisolays at pcak
turrcnl of 15mA/segment using displays with Vr = l.gV al
iSmA. Resis(ors can be acided in series wilh thc segment
f ivers to linrit the drsplay crrrrent tn very ef licient displays. if
I

INreÛL
required. Figures 4,5.6 and.7 show tho digit and segmentcurrents as a funclion ol oufput voltage.
To get additional brighlness out ol the displays. V+ may beincreased up to 6.0v. However. care shourà oe tut"n to's"ethat maximum power and current ratings are not exceeded.
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20
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0
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FIGURE 4. lCM7216A & C Typtcat tp,6 vs. V* _ Vorr,
4.5V<V+-V- <6.0V

vt- vor, {voLrsl

vour - v- lvoLlsl
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DESCRIPTION MAIN COUNTER REFERENCE
COUNTER

Frequency (F1)

P( d (rr)
Ratio (Fr,/Fe)

Time lnierval
(A-81
Unit Counter
(Counl A)
Osc. Freq.
( Fosc i

Oscillator

lnput A

Osco(Time
lnterval FFI

lnput A

lnput A

Oscillator

10O Hz (Oscillator
+ lO6 or lol).
lnput A
lnput B

Time lnterval FF

Not Appticable

10O Hz (Oscillator
+ lO5 or 1O4)

v'- v- - s-sv

.4
/;tr'

/

/

vt- v- - a.sv

-æc

r?5C

a7O c

1

FIGURE 5
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50

20
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ttr

t50

'c

t'2

,f v'- v- . r.nr

Inffi[L
ACCURACY

ln a Unlversal Counter crystal drilt and quantlzation errors
cauro srrors. ln Frequency. period and Tlme lnt€rval moOes.a signal derived from the osclllator is used ln eilher lhe
Relerence Counter or Maln Counter. Therefore, ln these
modes an orror in lho oscillator lrequency ùill cause anidentical error ln lhe measuremoni. For instanco, an
oscillator temperature coefficient or 2oggWroc wiil causo a
measuremenl erro( ol 2OpgM/.C.
ln addition, lhere is a quantization error inherent in any
digital measurement or tr count. crearry this error is reduced
by displaying mor€ digits. ln the Fiequency mode the
maximum accuracy is obtained with high frequency inputs
and in Period mode maxirnum accuracy is oblained wiÛr low
frequency inputs. As can be seen in Figure g. the least
accuracy will be obtained at 10 KHz. ln Time lnterval
measurements lhere can be an etror of I count per inlervaZ
As a resull there is the sarne inherent accuracy in all range\
as shown in Figure 9. ln Frequency Ratio measurement can
be more accuratety obtained by averaging over more cycles
of lnput B as shown in Figure .l0.
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0
o

I

2

(b) vour-v- (voLtsl

FIGURE 6. lCM72l68 & D Typtcal lo,o,, vs. Vour _V -
6

t0t
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tos tot

FIGURE 8. Marlmum Accuracy ol Frequency and perlod
Measuremenls Due to Llmltallong ol

. Ouantlzallon Erroru

x,
to

(

FIGURE 7. lCMl2t6B & O Typlcat ls66 vs. V+ _Veu1,
r 4.5V < V+ _v- < 6.0V

Jn".*-"nt and otglr outputs i" ,""rrrU,, are not direcily
compatiblo with either TTL or CMOS logic. Therefore, level

thilting with discrete transistors may be required to use these

J(rtputs 
as loqic sionals. !
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[Âffi01
CIRCUIT APPLICATIONS

Ths lCM7216 has boen Oesigned lor use in a wlde range ol
Universal and Frequency counlers. ln many cases,
prescalors will be required to reduce the input lrequencies to
under l0 MHz. Because lnput A and lnput El are digital inputs,
addilional circuitry olten will be required lor input bulfering,
amplificalion. hysterisis, and level shilting to obtain a good
digital signal. The cost and complexity for doing this can vary
widely depending on the sensitivity and maximum frequency
required.

The lCM7216A or B can be used as a minimum component
complete Universal Counter as shown in Figure 11. This
circuit can use inpul frequencies up to 10 MHz at lnput A and
2 MHz at lnput B.

For input frequencies up to 40 MHz the circuit shown in
Figure 12 can be used to implement a lrequency counler. To
obtain the correct measured value, it is necessary to divide
the oscillalor frequency by lour as well as the input
frequency. ln doing this the time between measurements is
also lengthened to 800 msec and the display multiplex rate is
decreased to 125 Hz.
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FIGURE 12. 40MHr Frequency Counler
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lf the input frequency is prescaled by ten. then the oscillalor
can remain at 10 or 1 GHz. but the decimal point must be
moved onc digit to the right. Figure 13 shorvs a frequenc!
counler implemented with a +10 prescaler and an
lCM7216C. Since there is no external decimal point with the
lCMT?l6A or B. the decimal point must be implemented rvith
additional drivers as shown in Figure .l4. Note that there can
be one zero to the lelt of lhe decimal point since the internal
leading zero blanking cannot be changed. ln Figure 15i'litional logic has been added lo counl the input direcily in

:node f or maximum accuracy. On both Figures l3 and
14, lnput A comes f rom Qc ol the prescaler rather than Qr to
obtain an input duty cycle of 4004. ll the signal at lnput A has a
very low duty cycle then it may be necessary to use a74121
monostable multivibrator or similar circuit to stretch the
input pulse width to guarantee 50 nsec minimum pulse width.
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T ^e oscillator has been implemented as a high gain
5,: rrplementary FET inverler. An externalresistorof iOt,ln o,
J2M n should be connected betrveen the oscillator input and'ïutput to provide biasing. The oscillator is designed to work
,-with a I0 MHz crystal with a series resistance of 35O and
Itatic capacitance of ZZpF. As can be seem in the typical
l:haracteristics, this oscillator is very stable.

SCILLATOR CONSIDERATIONS

- - a specif ic cryslal and load capacitance. the required gm
ee calculated as follows:

Ttle required gm should exceed the gm specified for the
lCM72l6 by at least 50% to insure reliable startup. TÉe
oscillator input and output pins each conlribute about spf to
Ctn and Corr. For maximum stability of frequency, Cin and
Cour should be approximately twice the specitied crystal
static capacitance.
ln cases where non decade prescalers are used it may be
desirable to use a crystal which is neither 10 MHz or I MHz. lnthat case both the multiplex rate and time between
rneasurements will be different. The multiplex rate is fmax =

7s for 10 MHz mode and tmax = ;rï, for rhe I MHz

mode. The time between measuremenr, i, 2llot 
in the

lo MHz n.odo 
"nd 

3ttot 
rocc

r.*- in the 1 MHz mode.

The crystal and oscillalor components should be located as
close lo the chip as practiçal to minimize pickup lrom other
signals. Coupling lrom tho Exlernal oscillator input to tho
oscillator output or inpul can causo undesirable shilts in
oscillator frequency.

Co = Crystal Static Capacitance
Rs = Crystal Series Resistancs
Crn = lnput Capacilance
Cour = Output Capacilanco
u=2nl
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I
MK
MK

5009
5009

P
N

D lon-implanted for fuil TTLIDTL compatibility
D lnternal clock operates from:

External signal
External RC network
External crystal

D Operates DC to above 1 MHz
D Binary-encoded for frequency selection
DESCRIPTION

Ihe MK 5009 p is a highty ver-
satile MOS oscillator-and di-
vider chain manufactured by
Moste.k using its depletion'-
load, ion-implantation process
gld P.- channel technology.
The 16-pin Dlp package pro-vtdes frequency division
ranges from 1 to 36x10r. The
circuit will operate from anyol three frequency sources:
the internal oscillaior with an
external FIC combination; the
internal oscillator with an ex-
ternal crystal; or with an ex_
ternally-.applied TTL signal.
Control inputs p?ovide ;ddi-
lional versatility and allow the
crrcuat to be used in a varietyoï applications including in'-
struments. limers, and clocks.
With an input frequency of 1

MHz. the MK 5009 p provides
the basic time periodi neces-
sa.ry for most frequency meas-
urrng instruments, i.e., 1 rsthrough 100 seconds. One-
minute, ten-minute, and one-
hour periods are also avail-
Lble using a 1 MHz input.
9-t1nS " 1/1.2 MHz input,'thà
MK 5009 P can also piovide a
50/60 Hz output for accurate
generation of line frequenciesin portable instrumènts or
clocks.
The_ time-base output (TIME
OUT) is a square wavè, its
frequency determined by the
selected counler division, and
by .the o.sc.illator frequency or
externaJ i.nput. Tne tatiing
edge of the output square
wave should be used to con_
trol external gating circuitry.

TIME OUT
ADDRESS INPUTS WITHOUT R€SET

R.u =0
Ro =0

RESET
Reset Max. Reset Min.
Rvax=1 R.u:0
Ro =0 Ro =12t 22 2t 20

B
Mode 1

Rrax = Vee
Ro :0

YPASS M ee page 3)
Mode 2

Rvex = 0
Ro = Vee

Mode 3
Rvax = Vee
Ro = Vee

Ext. ln.
Addresses l100 and 1101 result in Logic o at lhe output regardless of rhe state of the Resel Max. and Resel 0 inpuls.Logict=High=V13
Logic0=Low=Væ

MOS Counter Time-Base Circuit m0sTEil

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Vollage onany Terminal Relative to Vr, ,

Operating Temperature Range (Ambie;t)
Slorage Temperature Range-(Ambient)

. - 0.3V to - 20V. 0'C to -:-70.C
- 55 C to + 150"C

RECOMMENDED OPERATING CONDITIONS
(0'c <r. <70'c)

ELECTRICAL CHARACTERISTICS
(vss +5V - l0%o: voo _ 0v: veo .-. _ll.ov 2AVo:0CST^570C)

jycsâl value3 at Vtt -: - 5V. Vor -: OV. Vcs = - t2V. and Te ZS"C
I Lc9,c 'npuls at VI. outpul open Crrcurtaal €ach togrc iôOUt (tee Notc 2) conlftbùtcs aô actctrt,oôrt? LcA,6 laps15..e Reset M!r: Aes€t O: Add.ess lnDutr: Ext tnput; Ert Int Setect:.no ô#o- 

-
J F'efuenCy vâ/râtron3 C,ue to Oow.r rupDty ChaôgCs OnlyI C'ystar Eode strbrlrty rs dercndent upo^ Cryrltl
5 V,n,num logrc O t,me 

"t -e-p rnout rs 5O.,,ô ot olcrilato, pcfiod.
'Vo* Vo. àpoty onty l0 Trme Out.

PARAMETER MIN TYP MAX UNITS NOTES
Vts

Voo

Vee

Supply Voltage
Supply Voltage
Supply Voltage

+ 4.5

0.0

- 9.6

+ 5.5

0.0

- 14.4

V

V

V

fxr^r

f.c

l,tt

Cryslal Frequency
RC Frequency

External Frequency

0.1

oc
oc

2.0

200

2.O

MHz

kHz

MHz

tà Logic 0 Pulse Width. CLAMP

Ext. lnput

Logic 1 Pulse Width. Ext. lnput
Reset Max
Reset 0

lPH

200

200

10.0

10.0

nsec

nsec

/rSeC

!rSeC

Note 5

R Feedback Resistance .01 2.5 M!! Fig. 1

V,x

lnput Voltage, Logic 0. Reset lnputs
Reset (Bypass Mode)
All Other Logic lnputs

lnput Voltage, Logic 1. Ail Logic lnputs

0.0
Vne

vsr-1.0 Vrt

0.8
V.n + 1.0

0.8
Vr, + 0.3

Note 2

PARAMETER MIN wPr MAX UNITS NOTES
lsr

Inn
Supply Current, Vr3
Supply Current, V..

6.0
6.0

11.0
11.0

mA
mA

Note'l

It lnput Current, Logic 0 1.6 mA Note 2:
v, -- 0.4v

Vo.
Vo"

Output Voltage, Logic 0
Output Voltage, Logic 1 2.4

0.4 lor. = 1.6mA'
lo" = - 40"A

fsr^ Frequency Stabitity w,' Volt. Change, RC Mode
i Temp. Change. RC Mode

Crystal Mode

- 3.0

- 0.2
"/" /V
"/o/ C

Note 3

Note 4
t Jitter, Edge-to-Edge Variation <15 nsec Temp. & Sup-

ply Voltage
Conslanl

112
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DESCRIPTION OF OPERATION

Il"_yt( SOO9 p consists basicaily of a series ofcounlers. setectabte via an inteinat Àrîiprerer.
I-fe *.10' counrer àurpurl; ;;;;'i; nËiËi!," 

"^1.:1131 clock signat ror the 10, rhroùgh 36x 1Olcounter stages, which are trrri sinc-niàno"us witneach olher.

1-@osc our

I ,.,0*,

f-6uro*^,
*r.t*,

f-ou,o*,,
vtt

flc. I

vrH

^12
vç.

25|(q

vof
rttD&À0( 2

2)
a

l8ilq
ct

VrH rttDErct( I

ô1 lZllu

vDo

nc. 2

o

OSCILLATOR CONTROLS
Operation in the RC oscillalor mode is achievedas shown in Fioure 

1.. Êr"îùà"";-i 'Ë 
approxi_mately 0.8 RC. irre ctamp'"ir"rii caî Oe ,seOin the RC mode lo

; :i;1ft m, 
" 
r,n, iw li{ ":ffi ru; :fff l:i Iso that upon reteasé. or ir,e-b.ËËË''il"rrrn totogic 1), rhe osciuaror's-iirsiiv-ciË'fitr,'Àe 

" rrttcycle.

The crystal oscillator mode is shown in Figure 2.V_atues.for rhe resistors.àie;;;-J; iâ 'uias 
tneinternal circuitry for. optimum p"ifïr.""^"e. Thetwo capacitors are cho.iel to piouiJé'iÀ'e"roaoing

ff :îiir?:"%L.;1";3""î'ffi l,'3iiF"î;,:;i.'s:",v::

RESET/BYPASS CONTROLS

Ilg VX 5OOg P provides two different reset con_dilions. A posilive_ooing pulse of f O .,,s'àî'tong"r,on 
. 
Reset 0 wil réset'"bunràri ,; il";' toweststa1e. while a positive_going puise-ai'h"eset trtaxwirt reser counrers ro"their -h,;;";i 

,,ï1. rnuReset Max control enables,.rhe ,'r;;i; ËL"r"up tnecounters ro provide a failing Ààg"'lt"iÀ" n"rtoscittator cycle or negative_g"oint'JrtËrnai' inprt,resardress of which oi.vioer ËÀàiË i-r"rËrËËi"0.
ln addition, taking one or both Reset lnputs lot he m os r n es a I i ve- vo I t a g è. vl."a i r o"i,!' uvËa s s i n gpo rrions ot r he d ivide, é nâ i n"io iieïi"n g",#' o t ne rpurposes (see table on page 1).

PIN CONNECNONS

TIME OUT I

Voo 2

EXT INPUT 3

RtsFr 0 4

Eff,/lNI 5

RESFT MAX 6

cmF l
FETDSACK I 8

PACKAGE
'l 6-pin ceramic dual-in-line

l6

l5

l4

l3

t2

ll

V..
V3s

?
2t

2'

2t

0sc. ouT

FEEDBACK 2

l0

9

EXTERNAL/INTERNAL FREQUENCY SOUBCE
yvhe.n.ysjl'S an external signal source to operate
ll''" !x s00e p, that sisnli sI";iJ'Ë à"pJrl"o 

"tthe Exrernat tnput (piÀ àt,àù iË" eii"ilït')nrc,-nar select (pin s) lnourâ Ë" b;;r;Â,iiâ'iJgic r.
For operation with an internal signal, the Ex-ternat tnrernat Setecr shoulà o" 

"li"ôit 
'ô.'

OSCILLATOR OUTPUT
The oscillalor output, provided at pin 10, is not
3 tfug logic output, but may be used to'drive ahigh .impedance device such as 

" lùn.tiù refor other MOS circuitry.

'--r-

Suffix P

PACKAGE
I Gpin plastic dual-in-line

Suffix N
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Rhythmusgenerator
flir elektronische Orgeln

Der in p-Kanal-Depletion-Load-Technik
ausgefûhrle MOS-Baustein SM 7SO er_
zeugt fûr 6 Rhvlh.q,ten die lmpulsmuster
zum tnggern von S Begleitinstrumenten.
Der SM 75O ist vorwiegend fûr den Ein-
satz in einfachen elektronischen Orgeln
und anderen Musikinstrumenten konzi-
piert.

Besondere Merkmale
O Frei wâhlbare programmierung von

6 Rhythmen
o 5 Triggerausgânge fûr Begleitinstru-

mente
o lntegrierter Tempo-Oszillator
O Zàhlzyklus mit max. 32 Elementar-

zeiten
o Die Zàhlzyklusdauer (Iaktzahl pro

Minute) ândert sich beim Rhythmus-
wechsel entsprechend dem rhyth-
musspezifischem Tempo

o Variabel gestallete Begleitung durch
wahlweises Aufteilen der 32Elemen-
tarzeiten auf 2 oder 4 Rhythmustakte

. Atlg 0 ab)dhmer1_sQq_:lgllelqel
_ad_drelg?r

o Einfacher Aufbau der Begleitinstru-
mente durch auf 9,4 ms verkûrzte
Triggerimpulse

o Down Beat Ausgang zum Anzeigen
des Taktbeginns ûber eine direkt ân-
schlieBbare LED

O Definierter Spielbeginn durch Rûck-
setzeingang môglich

O Variation des Tempos in einem Be-
reich von einem Drittel bis zum Vier-
fachen der maskenprogrammierten
Zàhlzyklusdauer

o Wahtweise €ss!:p_rril-_.odef. .gp-e!
Drain Ausgangsituten fitr die frig!ei-
ausgânge

Funktionsbeschreibung anhand des
Blockschaltbildes

Die im internen Tempo Oszillator er-
zeugte Frequenz wird in einem 7-Bit
Taktfrequen zzâhler geteilt. Aus diesem
Zâhler wird im Dekoder entsprechend
dem gewâhlten Rhythmus ein rhythmus-
spezifischer Takt RCF abgeteitet. lm
gleichen Block wird ein Signalzum Ver-
kûrzen der Triggerimpulse auf g,4 ms
bei Standardtempo (entspricht einer
Oszillatorfrequenz von 1,5 kHz) erzeugt,
das auf die Ausgangslogik einwirkt.

Aus den rhythmusspezifischen Takt RCF
werden in einem weiteren Teiler die in-
ternen Steuertakte TUM und TUS fûr
den S-Bit Zâhter erzeugt. Der S-Bit Zâh-
ler steuert iiber einen Dekoder in max.
32 Elementarzeitschritten die Zeilen
eines 96O-Bit ROM an. Sâmiliche 30
Spalteninformationen laufen ûber einen
Multiplexer, wo nur die dem gewâhlten
Rhythmus zugehôrigen S Spalteninfor-
mationen weiter an die Ausgangslogik
durchgeschaltet werden. Die Trigger-
impulse fûr die Begleitinstrumente wer-
den ûber die Ausgangslogik auf g,4 ms
verkûrzt. Dieser Wert gilt fùr das mas-
kenprogrammierte Standardtempo des
jeweiligen Rhythmus und er ândert sich
entsprechend, wenn von diesem Tempo
abgewichen wird.

Der eingegebene Rhythmus wird auf
T< oder a/q Takt selektiert. Bei einem
% Takt Rhythmus wird der S-Bit Zâhter
bereits nach 24 Elementarzeitschritten
ûber die interne Heset Logik zurûckge-
setzt.

Werden mehrere Rhythmen zueinander
addiert, so bestimmt der Rhythmus mit
dem langsamsten Standardtempo bzw.
der % Takt Rhythmus die Frequenz des
rhythmusspezif ischen Taktes RCF.

Kunststotf-Steckgehàuse
1 6 Anschlûsse
20 A 1E DtN 41 866
Gewicht etwa 1,2 g

I 7,6:o;

o.(s'qt

2,5\
1,61mr

16
*?6'

I
2o.c:
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Variationsrnôglichkeiten des SM 250
Neben der ROM-Belegung kônnen bei
der Maskenprogrammierung noch fol-
gende Wûnsche der Anwender berûck-
sichtigt werden:
Die 32 Elementarzeiten sind wahlweise
mit zwei oder vier Rhythmustakten be-
legbar. Entsprechend ist der Beginn des
Down Beat Signal wahlweise zur Ele-
mentarzeit 1,I (7), 1Z (13) und 25 (19)
môglich. Die Zahlen in Klammern gelten
fûr %-Takt-Rhythmen. Die Lânge des
Down Beat Signals ist ebenfalls wâhl-
bar. ZweckmâBigerweise wird es bei
einer Zwei-Takt-Belegung zwei Elemen-
tarzeiten und bei einer Vier-Takt-Bele-
gung eine Elementarzeit lang sein.
Das rhythmusspezifische Tempo wird
bei der Maskenprogrammierung eben-
falls berilcksichtigt. Als Grundlage dient
der Rhythmus mit dem langsamsten
Tempo. Seine Taktzahl/Minute ftillt den
7-Bil Zâhler (128 Stufen) voil aus. Die
restlichen 5 Rhythmen mil schnellerem
ïempo werden dann so auskodiert, daB
in keinem Fall die Soll-Taktzahl um mehr
als einem halben TakUMinute abweicht.
Die Ausgangsstufen der Trigger-Aus-
gânge fûr die Begleitinstrumente wer-
den in der Regel als open drain Stufen
mit positivem Trigger lmpuls (H-Signal)
ausgefûhrt. Davon abweichend sind
auch negative Trigger lmpulse (L-signal)
bzw. Push-pull Stufen môglich. ln der
nachfolgenden Leertabelle fûr die pro-
grammierung des SM 750 steht unter
der Rubrik Ausgangsart

OD fûr open drain,
PP fûr Push-putt.
+ fùr H-Triggersignal und
- fùr L-Triggersignal.

Programmierung des SM 750
Auf Seite B befindet sich eine Leer-
tabelle, in die alle lnformationen, die
SIEMENS zum Anfertigen einer kunden-
spezifischen Maske benôtigt, eingetra-
gen werden kônnen.

Vor Erstellen einer kundenspezifischen
Maske wird ein Auftrag ûber eine zu ver-
einbarende Mindestabnahmemenge
(GrôBenordnung 10.0o0 Stck) vorausge-
setzt.

Beschreibung der Ein- und Ausgânge
Reset: Durch kurzzeitiges Offenlassen
(Taster) dieses Eingangs wird er intern
ùber einen pull up-Widerstand an Upe
gelegt. Dabei werden alle Zâhlerstufen
in die Ausgangsstellung (= Elementar-
zeit 1) zurûckgesetzt. Gleichzeitig wird
ein Down-Beat-Signal erzeugt. Anson-
sten ist der Reset Eingang mit Urs zu
verbinden.

Tempokontrolle ist der Eingang des inte-
grierlen Tempo-Oszillators, der mit ei-
nem RC-Glied zu beschalten ist. Durch
Variieren des Widerstands kann die
Oszillatorfrequenz in einem Bereich von
5O0 Hz bis 5,5 kHz verândert werden.
Siehe Anwendungsschaltung auf Seite3.

Rhythmus-Eingânge 1 bis 6: Durch Ver-
binden mit U.5 wird der jeweilige Rhyth-
mus gewâhlt. Gleichzeitig kônnen auch
mehrere Eingânge an U5s gelegtwerden.
Die zugehôrigen Rhythmen werden
dann zueinander addiert. Die Eingânge
der niôht gewâhlten Rhythmen wérOén
nicht beschaltet. lst kein Rhythmus ge-
wâhlt, so steht der SM 750 in Rûcksetz-
stellung (= Elementarzeit 1, Down Beat
LED leuchtet).

Triggerausgânge fûrlnstrumentel bis 5:
An diesen Ausgângen erscheinen in zeit-
licher Auf einanderfolge die lmpuls-
muster zum Aktivieren der jeweils ange-
schlossenen Begleitinstrumente.

Down-Beat Ausgang dient zur Anzeige
des Tempos mittels einer LED. Zu Be-
ginn eines jedenZâhlzyklus oder Taktes
erscheint ein H-Signal.
Uoo, Uss sind die Anschlûsse fùr die
Speisespannung

AnschluBbelegung

AnschluB Nr, AnschluBbezeichnung

1

2
3
4
5
6
7
I
9

10
11

12
13
14
15
16

Reset
Tempo Kontrolle
Down Beat Ausgang
Uoo
Uss
Rhythmus 1

Rhythmus 2
Rhythmus 3
Trigger - Ausgang 1

Trigger - Ausgang 2
Trigger - Ausgang 3
Trigger - Ausgang 4
Trigger - Ausgang 5
Rhythmus 6
Rhythmus 5
Rhythmus 4



Standardbelegung
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Rhythmus Bezeichnung Tokte /
Minute

thmus l: Sombo 23

Begleitinstrument Bezeichnung
Ausgonçort

gQlPPl - | -
35 X Xthmus 2: Rock

thmus l: Bossq Novo 37
_4qrçong 1: Boss

Ausgong 7z Akkocd X X
I.3 Ausgong 3: Boss Trommel X XRh thmus /,: Swin

Rh us 5: Stow-Rock /.0 Ausgong l*: Kleine Trommet / Holz w Nt) X X
Rh mus 6: Wqlzer 59 Ausgong 5; Becken X X
Elementorzeit Nr 1 9 (7t 17 ('ll) 25 ( 19)

Down Beot Si nol ( Eeginn ) X X
Douer des Down-Beot Signols
in Elementurzeiten: 2

Rhyihmus 1 Rhythmus Z Rhythmus 3 Rhythmus 4 Rhythmus 5 Rhythmus 6Elementqr -
Zeit Nr.

( Zôhlerstond )

Ausgong Nr.

llZl3l/. ls
Au sgong Nr.

1lZl3l/.15
Ausgong Nr.
ll2llllls

Ausgonq Nr.
'rl213l/.15

Ausgong Nr.

r l2l3l/.15
Ausgong Nn

1l2l3l1ls
I X X X X X X X X X X X X X X X X X X X X X X
2

3 X X X X X X X
L X X X
5 X X X X X X X X X X X X
6 X
7 X X X X X X X X X X X X X X X
I
9 X X X X X X X X X X X X X X

'10 X X X
'll X X X X X X X X
12 X X
1l X X X X X X X X X X X X X X X X X
1(

X X X X X X X X X15

16 X X X X
17 X X X X X X X X X X X X X X X
'r8

X X
r9 X X X X X X X X X X X X X
20

21 X X X X X X X X X X
27 X X X
73 X X X X X X X X X X X X
z1 (
75 X X IX X X X X X X
?6

77 X X X X X X X
28 X
z9 X X X X X
l0

X X X Xlr
i2 X

X

J,_
1

I
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'creiiidaten
(Alle SpannÛngen sind auf Us, = 0V bezogen)

.::
Eingangsspannung
Speisespannung
Ausgangsstrom fûr Down Beat
(Anschlu8 3)
Ausgangsstrom f ûr lnstrumentenausgânge
Umgebungstemperatur
Lagertemperatur
G esamtverlustleistun g
Verlustleistung je Ausgang

Kenndaten (Iu = 0... TOoC)
(Alle Spannungen sind auf Us, = OV bezogen)
Speisespannung
Speisestrom

Tempo Oszillatorfrequenz
Max. Tempo-Verânderung
Max. Tempo-Verânderung

Reset-Eingang
H-Eingangsspannung
L-Eingangsspannung
H-lmpulsbreite
H-L Ûbergangszeit
L-H Ûbergangszeit

Rhythmus-Eingânge l-6
H-Eingangsspannung
L-Eingangsspannung

Ausgânge 1-5
usfûhrung

H-Ausga ngsspannung
L-Ausgangsspannung
Widerstand nach Usg
(Ausgang im H-Zustand)
Ausgangsleckstrom

Push Pull Ausfûhrung
H-Ausgangsspannung
L-Ausgangsspannung
Widerstand nach Ur.
(Ausgang im H-Zustand)
Ausgangsleckstrom

Down Beat-Ausgang
Open Drain mit Hilfslastelement
H-Ausgangsspannung
L-Ausgangsspannung
Widerstand nach U6e

Widerstand nach Usg

Einheit

-18
-18

+0,3
+0,3
20

V
V
mA

-55

3
70
125
100
10

Prûfbedingung

Uoo = -'18 V
/e (AnschluB 3) = O

Siehe Prûfschaltung 1

Uoo von -10 V auf -1g V
T von 25oC auf 70eC
R = Kohleschichtwiderstand
C = Styroflexkondensator

Siehe Prùfschaltung 2
Siehe Prûfschaltung 2
Rr = 10 kQ nach Uop

Uol = Uoo

Siehe Pri.ifschaltung 3
Siehe Prùfschaltung 4
/ox = -1 mA
Ua = Uox
Uor- = Uoo

Siehe Prijfschaltung 5
Siehe Prtifschaltung 6
Uo=U5r-SV
Uoo = -10 V
Ua = Uss -0,S V

untere obere
Grenze B typ. Grenze A Einheit

-18 -'t0
5

V

unlere
Grenze
B

obere
Grenze
A

Ut*
Uoo

I^

I^
Tu

T,

P,t
Po

mA

"c

mW
mw

0

Uoo
/oo

mA

Tempo Kontroll-Eingang
Prozentuelle VerândËruig des max. Tempos in Abhângigkeit von der speisespannungs- und remperaturânderung

l"'l"l
55,

5
5

kHz
o,
lo

ot
10

U,,
Utt

lwn
trxl
tnx

un
ur

UoH

Uor-

Ro"

/or

UoH

Uor

Rrru

-0,8
UoD

5

U..
-4,1

gs

FS

trs

-0,8
Uoo

0,5
o,7

lur.- lvl-+,r lv

Uss

uoo +3,5
250

Urt
uoD +1
300

-0,3
Uoo

-o,6

V
V
a

-o,3
Uoo

-10

Uss

uoo +3,5
500

-10

pA

pA

a

/o,-

UoH

Uo,-

R'" l
U

ka

aR,* 
"

oo

500



I
r
I
I
I
r
t
I
t
t
I
I
I
I
I
I
I
I

I
I

I

Pr[ifschaltungen

Prûfschaltung 2:

intern

Prùfschaltung 4:

intern

Priitschaltung 6:

Pt = 10kQ

Tri ggerousgong

extern

Triggerousgong

uN

u^

200 uo,

f. = 200oF

uss

uoo

prr

uts

Uoo

extern

Dovn Beot Ausgonq

C. = 700 oF uo,

extern

R

(

U,,

intern

uoo

Ternpo -
Kontroll€

Prûfschaltung l:
0,024SR1,02(M0)
C = 680O pF
0,5StSS.S(kHz)

cl^, = 2oo PF

Prùfschaltung 3

extern

uo,

uss
intern

- -=--- Uoo

Triggerousgong

/0n.., = -0,5mA

fi.", = 2oo Pr

Prùfschaltung 5:

Rr> 10kQ

0ovn Seot Ausgong

uox

inlern

uoo

u..
e xiern urs

inlern



Leertabelle
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Rhyihmus Bezeichnunq Tokte /
Hinute

usl
Begleitinstrument Bezeichnung

PP +

Ausgo

Rhylhmus 2: I
thmus J:R Ausgo 7'
thrnus l.: Ausgonq 3:

Rh hmus 5: Au on I
hmus 6:R Ausgong 5:

Elementorzeit Nr: I 9 t7l l7 (13) 25{19}

IDown Beot Signol (Be
Douer des Down-Beqt Signots
in Elemenfqrzeiten:

mus 1 Rh thmus 2 hmus 3 Rhyfhmus 4 Rhythmus 5 Rhythmus 6
Elementor -
zeit Nr.
( Zôhlerstsnd l 2 53 I

Ausgong Nr.

5L3

Ausgong Nr.

z 53 I
Ausgong Nr,

53 t

Ausgong Nr.

z 53 I,

Ausgong Nr:

53 t,

Ausgong Nr.

1

?

l
L

5

6

7

B

9

10

ll
12

rl
14

l5
l6

17

18

l9
20

21

2Z

?)

21

25

26

z7

28

29

l0
ll
l2

Fi rmo: Unterschrift
Dotum'
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xR-2242
Long.Range Timer
GENERAL DESCRIFTION

The XR'2242 is a monolithic Timer/Controller capable of producing uttra-long time delays from micro-seconds to days. Two timing
circuits can be cascaded to generate time delays or timing intervals up to one year. The circuit is comprised of an internal time-base
oscillator, an 8-bit binary counter and a control flip-flop. For a given external R-C network connected to the timing terminal, the cir-
cuit produces an output timing pulse of 128 RC. If two circuits are cascaded, a total time delay of (128)2 or 16,384 RC is obtained.

The timing cycle for the XR-2242 is initiated by applying a positive-going trigger pulse to pin 6. The trigger input actuates the time-
base oscillator, enables the counter section, and sets the output to "low" state, The time-base oscillator generates timing pulses with its
period, T, equal to I RC. These clock pulses are counted by the binary counter section. The timing cycle is completed when a positive-
going reset pulse is applied to pin 5.

ln monostable timer applications, the output terminal (pin 3) is connected back to the reset tcrminal. In this manner, after 128 clock
pulses are applied to the circuit, this output goes to "high" state and resets the circuit thus completing the timing cycle. Thus, subse-
quent to triggering, the output at pin 3 will produce a total timing pulse of 128 RC before the circuit resets itself to complete the
timing cycle. During the timing interval, the secondary output at pin 2 produces a square-wave output with the period of 2 RC.

If the output at pin 3 is not connected back to the reset terminal, the circuit continues to operate in an astable mode, subsequent to a
trigger input.

FEATURES

Timing from micro-seconds to days
Wide supply range: 4.5V to l5V
TTL and DTL compatible outputs
High accuracy: 0.5%
Excellent Supply Rejcction: 0.2%lV
Monostable and Astable Operation

APPLICATIONS

Long Delay Ceneration
Sequential Timing
Precision Timing
Ultra-Low Frequency Oscillator

ABSOLUTE MAXIMUM RATINGS
Power Supply
Power Dissipation (package limitation)

Ceramic package
Plastic Package
Derate above +25"C

Temperature Range
Operating

xR-z242M
xR-2242C

Storage

AVAILABLE TYPES

l8 volts

385 mW
300 mW

2.5 mW/'c

-55oc to +l25oc
ooc to +zsoc

-65oc to +l5ooc

Operating Temperature

-55oCto+ l25oC
ooc to +75oc
o"c to +?5"c

Part Number

xR-2242M
xR-2242CN
xR-2242CP

Package

Ceramic
Ceramic
Plastic

SIMPLIFIED SCHEMATIC DIAGRAM
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ELECTRICAL CHARACTERISTICS
Test Conditions: See Figure 3, Vr = 5V, TA = 25oC, R = t0 kO, C = 0.t gF,unlcss otherwise noted.

GENERAL CHARACTERISTICS

TIME BASE SECTION

TRIGGER/RESET CONTROLS

COUNTER SECTION

'Timing error solely introduced by XR-2241, meesured as Zo o+'Propagation deley from application of triggcr (or reset) input

CONDITIONS

V+- 5V, V1p = 0, Vp5 = 5y
V+ = l5V, V1p = 0, V RS=5V
See Figure 3

VRS = 0, V1p = 5Y
v+=5V o"c<T<z5oc
V+ = l5V
V+) 8 volts
R=lkQ,C=0.007gF
See Figure 5

Low-Leakage Capacitor Required

Measured at Pin 6, VRS = 0

VRS = 0, VtR = ZV

Measured at Pin 5, VtR = O

VtR = 0, Vpg = 2Y

See Figure 4, V+ = 5V

VRS = 0, V1p = 5Y

Measured at Pins 2 and,3
RL = 3K{-), CL = I0 pf'

vol ( o.+v
voH ( tsv

f ideal timebase period of T = 1.00 RC.
to corresponding state change in first stage counter output at pin 2.

JTTTJL
æ(

T

?
vq5 I:

T
co{l cot I

t
I

xR-2242 xR-2242CPARAMETERS
MIN TYP MAX MIN TYP MAX

UNIT

Supply Voltage
Supply Current

Total Circuit

4

3.5
t2

l5
6

l6

4

4

t3

l5
7

l8

v
mA
mA

Timing Accuracy *

Temperature Drift

Supply Drift
Max Frequency
Recommended Range
of Timing Components

Timing Resistor, R
Timing Capacitor, C

t00

0.00 t

.00?

0.5
t50
80

0.05
t30

0.2

t0
I 000

2.O

300

0.00 t

0.01

0.5
200

80
0.08
r30

5

0.3

5

I 000

%
ppm/oc
ppm/oc
%lv
kHz

MO
gF

Trigger
Trigger Threshold
Trigger Current
Impedance
Response Time *.

Reset

Reset Threshold
Reset Current
Impedance
Response Time r r

1.4

8

25
I

t.4
6

25
0.8

2.0

2.0

1.4

t0
25

I

1.4
l0
25

0.8

2.0

2.0

gA
KQ
gsec

UA
KQ
gsec

Max. Toggle Rate
Input:

Impedance
Threshold

Output:
Rise Time
Fall Time
Sink Current
Leakage Current

0.5

1.0

3

1.0

20
t.4

t80
r80

5

0.0 I 8

1.0

2

t.0

20
l-4

180
t80

0.01 l5

MHz

ko

nsec.
nsec.
mA
sA

Iæ( t'

'l

t
t

6

2 :?

l 6

2?
3d

o

5
xR.22a2

as

:?
iË
a6

Figure 3. Generalized Test Circuit
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Figure 4. Test for Counter Section
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RESET AND TRIGGER INPUTS (PINS s AND 6)
The circuit is resct or-triggcr_ed- with positivcaoing controlpuls.es.applied to pins s. 

"1a e. frrc t'hr.cii;i; tevet for thesccontrots is approximatety two diod.-l;;;;'(-o t.+v) .uo""ground.

Minimum pulse widths ïor reset and trigger inputs, minimumtrigger delay time and mlnlltu.m rc-trigger delay time are shownin Figures 9 and 10. once.triggerea,îrr" 
"ii"iil is immunc toadditional rrigger inputs until iii, 

"nï àJiËii.ing 
"v.r..

Iiq." S; Recommended Range of
r lmrng Component Values

Drift of

DESCRIPTION OF CIRCUIT CONTROLS
couNTER OUTPUTS (PrNS 2 AND 3)
The binary counter ou tPuts are buffered ,.open -collector" typestages, as shown in Figrrre I . Each output is capable of sinking= 5 mA of load cu rrent. At reset condition, all the coun ter orrt-puts are at h ieh or non-conducting state. Su bsèquent to atrigger input, the outputs ch ange state in accordance with thetiming diagram of Figure 7

Figure 7. Timing Diagram of Output Waveforms

Figure 6. Tempcrature
Time-Base Period, T

Note: In noisy operating environment.
ground are recommended from reset anâ

Figure 9. Minimum Trigger and Re-
set Pulse Widths at pins 5 and 6

0.01 gF capacitors to
trigger terminals.

Figure_I0. Trigger and Retriggcr
Dclay Time

(A) Minimum Trigger Delay Timc
Jubsequent tô Application of power
(B) Minimum Re-trigger Time,
ùuDsequent to a Reset Input

tËïï:."iïr,r,""::Ë',î jî1,î:i'iiïffi',:l'iftï:,ï,,'ff ;',it6, the timing output at pin 3 go., to ï-:io*u,,state and wilt stavlow for a total rime duiarion f" = flA Rô,;;;"î-;;Ë;;:t :i"ï, ïilLilï: * ï l',: Hï il l."iT J."',r,y.T,'j:: il ;every T6 interval 
-of 

time, and tf,e 
"ir"uit "."1j;;;;;;1":;;"astabre" mode. If ttre switctr si'-it iËtàa, the circuit wilr resetf ;mïi lîË:T:";,iliî:,ï#::"'* ;,1.1;i*#,;il',1'"1k,

L.n_lg*..r is applied-.with no 
-trigger or reset inputs, the cir-cult reverts to ..reset" 

state.. Onô triggeieà, the circuit isimmune to additional trigger inputs, unII the'timing cycle iscompleted or a reset inputl; .pfti"a. iiïotii'ii. reset and thetrigger controls are actùat.a ,iÂuf trn.o"rù, iirr., overridesrese t.

TIMING TERMINAL (PIN 7)
The. time-base period r is determined,by the external R{ net-work connected to this.pin. Wfren-th.ii_r_i*. is triggered,

i: 
'îâ"i3:' 

at pin 7 i; '; ;;;;;;';';;; wiÛr aËrioî

TrME-BASE OUTPUT (PrN 8)
-Time-base output is an o_p-en<ollector type stage, as shown in
feure I and requires 

"- 
âg ro p;ù-il'fi;;;l; pil-i iîijlor proper operation 

.ol .!h. circuit. Ât i.r.i state, the time-base output is at ..high" ,1,rt.. t"Ur.l".ri ," triggering, itproduces a negative-going pulse train wiih , pe.ioA T = RC, asshown in the diagram of Éigure
Time-base output is internally connected to the binary countcrsection and also serves :ut theinput fo.;h.';*ï;_al clock signrlwhen the circuit is operated with an 

"*i..-nïîl^"-u.r".The counter input triggers o.n the negativeaoing edgc of thctiming or clock pulses appearing at pinï. The"i.igg", thresholdfor the counter section is È +-l .5'""1À. d; 
".untcr scction

:il b: disabled by clamping th. ";ii;"'iJvcl at pin 8 toground.
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APPLICATIONS INFORMATION

Note: Under certain operoting conditions such as high supply
vohages (V+ > 7V) and smal! values of timing 

"opocità,(C < 0.1 UF) the pulse-width ol the time-base output at pin g
may be too narrow to trigger the counter section. This can be
conected by connecting a 500 pF capacitor from pin g to
ground.

PR-ECISION TIMING (Monosrable Operation)
In prccision timing applications, the XR-2242 is used in its
monostable or "self-resetting" mode. The circuit connection
for this application is shown in Figure 8, with switch S1 closed.

ASTABLE OPERATION

Thc XR-2242 can be operated in its astable or free-runnin!
modc by disconnecting the resct terminal (pin 5) from the
countcr output (pin 3). Two typical circuit connections for
this mode of operation arc shown in Figures I I and 12. In the
circuit conncction of Figure I l, the circuit operates in its free-
running modc, with cxternal trigger and reset signals. It will
start counting and timing subsequent to a trigger input until an
cxtcrnal rcsct pulse is applied. Upon application of a positive-
going reset signal to pin 5, the circuit reverts back to its rest
state. The circuit of Figure I I is essentially the same as that of
Fi3ure 8, with the feedback switch 51 open.

The circuit of Figure I 2 is designed for continuous operation.
The circuit selftriggering automatically when the powersupply
is turned on, and continues to operate in its free-running mode
indcfinitely.

its
1JLTLT

ot

-tt-'L_r1

i

rl

Figure I l. Astable Operalion with
External Trigger and Reæt Con-
trols.

Figure 12. Free-running Operation
Self-Triggercd When Power Supply
is Turned ON.

OPERATION WITTI EXTERNAL CLOCK

The XR-2242 can be operated with an cxternal clock or time-
bese, by disabting thc internal time-base osci-llator and applying
thc external clock input to pin 8. The internal time-base can
bc de-activatcd by connecting a I KO rcsistor from pin ? to
ground. Thc countcrs are triggered on the ncgative-going edges
of thc cxternal clock pulse. For proper operation, a minimum
clock pulsc amplitude of 3 volts is rcquired. Minimum externa.l
clock pulsc width must bc 2 I pS.

5tx

tô nt !il2?lRc atqo Rc

Figure 13. Cascaded Operation of Two XR-2242 Timer Circuits.

Ultra-long time delays, up to one-year duration, can be gener-
ated by cascading two XR-2242 timers as shown in Figure 13.
In this configuration, the counter section of Unit 2 is cascaded
with the counter output of Unit l, to provide a total count of
32,640 clock cycles before the output (pin 3 of Unit 2) changes
state. In the application circuit of Figure 13, the output (pin 3)
of Unit I is directly connected to the time-base output (pin 8)
of Unit 2, through a common pull-up resistor. In this manner,
the counter section of Unit 2 is triggered every time the output
of Unit I makes a positive-going transition. The time-base sec-
tion of Unit 2 is disabled by connecting pin 7 of Unit 2 to
ground through a I KQ resistor. The reset and triggerterminals
of both units are connected together for common controls.
If an additional XR-2242 were cascsded with Unit 2 of Figure
13,^the total available time delay can be extended to (1.065)
(l0e) RC. With an external RC = 0. lsec, this would corre-
spond to a time delay of 3.4 years.

b) Sequential Timing:

CASCADED OPERATION:

r) Ultra-Long Delay Generation
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Figure 14. Sequential Timing Using Two XR-2242 Timer Circuits.

Two XR-2242 timers can be cascaded to produce sequential
or delayed-timing pulses as shown in Figure 14. In this config-
uration, the second timer is triggered by the fint timer, subse-
quent to the completion of its timing cycle. Thus, the triggering
of Unit 2 is delayed by a time interval, Tr (= 128 R1C1 )cor-
responding to the timing cycle of Unit l.
The output of Unit 2, which is normally at "high" state will
stay high for a duration of T1 = 128 Rr C1 , subsequent to the
application of a triggcr pulse; then go to a low state for a dura-
tion of Tr = 128 R2 C2 corresponding to the timing interva.l of
Unit 2;and finally revert back to its rest statc aftcr the comple-
of the cntire timing scqucnce.
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