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COMPTEUR D'IMPULSIONS L 1020

(MULTI = SCALER )

Bréve description: 3 compteurs 120 MHz et 1 compteur a présélection 5 MHz,

avec affichages individuels et base de temps, dans un boitier NIM.

Spécifications:

- Entrées/sorties: niveaux, NIM rapides et connecteurs LEMO.
- Compteurs ( 3 compteurs de 9 décades chacun ):

vitesse de comptage >100 MHz;

durée des impulsions d'attaque (garantie) > 5 ns;

dépassement de capacité indiqué par 1'allumage d'un point lumineux

& gauche de 1'affichage du compteur correspondant et 1'allumage des
2éros non significatifs.

~ Compteur & présélection ( 7 décades ):

> 10 MHz  sans présélection;

vitesse de comptage { > 5 MHz  avec présélection;

durée des impulsions d'attaque (garantie) en mode COUNT >. 5 ns;

utilisable avec base de temps interne 10 Hgz (mode TIME);
présélection en temps ( 1/10 seconde) ou en impulsions, de la
forme n . 10" (n=0 & 9, r=1 & 6), notée nEr ( de 1E1 & 9E6 );

alarme acoustique en fin de comptage (interruptible par commutateur DT
ou supprimable par interrupteur interne).

- Affichages:

1 affichage par compteur, numérique, décimal; diodes électro-
luminescentes rouges, 7 segments, hauteur des chiffres 3,8 mm;

normalement, extinction des zéros non significatifs.
- Contrdle Arrét/Marche/RAZ (START/STOP/SET-RESET):
manuel en mode MASTER;
compteurs utilisables en batterie en mode SLAVE commandés par 1 MASTER.

- Entrée PORTE (GATE) i haute impédance (HI-Z) agissant sur les entrdes
des 4 compteurs; normalement ouverte.

- Test des affichages (8 partout) et des compteurs surbase de temps interne
(ne s'applique qu'aux compteurs 1, 2 et 3).

- Mécanique: boitier NIM 3/12

- Alimentations: +6V/1,24; -6V/0,44;+12V/60mA;-12V/10mA; <24V /1mA; total 11W.
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Utilisation:

- Entrées COUNTER, RESET: impédance 50.01; admettent des impulsions négatives
d'amplitude supérieure & 0,6 V,

- Entrée GATE: 2 connecteurs en paralléle pour permettre le chainage; impédance
10 kfl vers -5V; sans connexion extérieure, porte ouverte; une terminaison
de 50.7 sur une des 2 entrdes bloque la porte; en cas d'utilisation, chatner
les entrées et terminer la chatne sur 5041 ; un niveau NIM rapide ( ~o0,6 V
ou plus bas ) est alors nécessaire pour ouvrir la porte.

- Sorties GATE, RESET, 1 MHz, 10 Hz: niveaux NIM rapides (16 mA correspondant
4 -0,8 V dans une terminaison de 500).

- Remise & zéro et présélection automatiques & 1'enclenchement (mise sous tension).

~ Commutateur TIME/COUNT (2,positions avec blocage): commute 1'entrée du
compteur & présélection soit sur la base de temps interne 10 Hz (mode TIME)
soit sur l'entrée extérieure Pr (mode COUNT).

- Commutateur SLAVE/SET (2 positions fixes et 1 position inférieure temporaire) et
commitateur DT/RESET (2 positions temporaires et 1 position médiane fixe)

position SLAVE: poussoir START/STOP inactif;
SET et RESET manuels impossibles;
présélection inactive;
test des affichages (DT) possible;
fonctionnement dépendant d'un tiroir MASTER par 1'intermé-
diaire des entrées GATE et RESET;

voyant du poussoir START/STOP alternant entre le vert
permanent et le vert clignotant.

position MASTER:poussoir START/STOP actif;
nombre présélectionné chargé par SET simultanément ou non
avec la mise & zéro par RESET des compteurs 1 & 3; SET et
RESET sont retardés d'environ 1 Seconde et sont inactivds
pendant le comptage (voyant START/STOP a 1'état vert);
IT teste l'affichage sans perturber le contenu des compteurs
et sert aussi A arréter 1'alarme acoustique de fin de
comptage (présélection atteinte).

- Poussoir START/STOP (temporaire, avec voyant):
inactif en mode SLAVE;
en mode MASTER, détermine le début et la fin du comptage,
tant que la présélection n'est pas atteinte,

- Voyant du poussoir START/STOP:

enclenchement

ermanent

ouverte

(porte extdérieure)

fermée
rouge vert
. _ e

MASTER
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LISTE DES ABREVIATIONS

FP
MUSC
MDD
CB
N

R
DT
M/S
ALR
oL
DP
CT
LSD

Precnt

Front Panel
Counter circuits
Display Board
Control Board
Mantisse

Exposant

Display Test
Master/Slave

Alarm Reset

Over Load Cover flow)
Decimal Point

Counter Test

Least Significant Digit
Pre-Counter (S196+.5126)
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SIX DECADE COUNTER/ DISPLAY DECODER
MK50395N / MK50396N / MK50397N

1 Mz

FEATURES

Single power supply

Schmitt-Trigger on the count-input
Six decades of synchronous up/down
counting

Look-ahead carry or borrow

Loadable counter

Loadable compare-register with com-
parator output

Multiplexed BCD and seven-segment
outputs

Internal scan oscillator

Direct LED segment drive

Interfaces 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.

O 0D0ooo k000 ooo

DESCRIPTION

The MK 50395 is an iordimplanted, Pchannel MOS
sixdecade synchronous up/down-counter/display

9.6l aunr

PIN CONNECTION

driver with compare-register and storage-latches. Vis o 59 up/ oown

The counter as well as the register can be loaded = 59 ze0

digit-by-digit with BCD data. The counter has an O 8 canny

asynchronous-clear function. ] count iwieit
39 count

canning is controlled by the scan oscillator
input which is self-oscillating or can be driven
by an external signal. The six-decade register

CMOS logic families.

The MK 50396 and MK 50397 operate identical-

SEGMENTS

BCOIN Cq [
C‘ 9
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RA
Ry REGISTER
8CD

EQUAL

Voo

a
b
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‘ B
is constantly compared to the state of the . 53 Re N
six-decade counter and when both the register { 5] R
and the counter have the same content, an MK 50395 1 Loao CounTER
EQUAL signal is generated. The contents of the : a2 % Lono REG(;ER
counter can be transferred into the 6-digit latch
which is then multiplexed from MSD to LSD RERES. 29 0¢ MsD
in BCD and 7-segment format to the output. out < 28] 05
The seven-segment decoder incorporates a 0 7] o4 DT
leading-zero blanking circuit which can be dis- store [13 5] 03 Strobas
abled by an external signal. This device is ¢, @ = o :
intended to interface directly with the standard ° 2
counteR  C°€ ] ] o LSD
23]
=
1]

y 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.

CLEAR [29

SCAN




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 environ-
ment 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 up/down input is
high (Vss) and will decrement when up/down input
is low. The up/down input can be changed .75 s
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 store input is low, data is continuously
transferred from the counter to the display. Data
in the counter will be latched and displayed when
store input is high. Store can be changed in coinci-
dence 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 Vsg 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 capable of
sourcing 1T0mA average current per segment over one
digit cycle. Segments are on when at Vg. The
Carry, Equal, Zero, BCD and digit strobe outputs
are push pull and are on when at Vg. 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:

Zero output goes high for one count period when all
decades contain zero. During a load counter opera-
tion the zero output is inhibited.

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 %ounter or Load Reg-
Ister.

*Carry occurs at 99 69 59 for the MK 50396 and 53 59 99 for the MK 50397

The carry output goes high with the leading edge of
the count input at the count of 000000 when count-
ing up or at 999999* when countin? down and goes:
low with the negative going edge of the same 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 illustrated on the timing
diagram.

SIX DECADE COMPARE REGISTER

The register is loaded identically to the load counter
aragraph described previously. The register may be
oaded 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.

BCD & SEVEN SEGMENT OQUTPUTS

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 allows 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
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 ofL ;
interdigit blanking time. Therefore the BCD output
data is valid when the positive transition of a digit
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 VSS or Vpp and 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 either case, external capacitors of
150pF each will be required from Vgs to Counter
BCD inputs and register BCD inputs. This will
allow asynchronous loading of tﬁe BCD inputs.

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 self oscillate
blanking time. (56 = 25usec). Display brightness can
be controlled by the duty cycle of the external scan
oscillator.
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If external capacitors on the BCD inputs are un- Min Max
desirable, it will be necessary to synchronize the _—_—
negative going edge of the load register and/or load 820pF 1.4KHz 4.8 KHz
counter command to coincide with the positive
going edge of the scan input signal. Also the Vs 470pF 2.0KHz 6.8KHz
range should be limited from 10.8 to 13.2 volts.
) | 120pF 7.0KHz 20KHz
Tyf)ica[ly, the scan oscillator will oscillate at the
following frequencies with these nominal capacitor
valves from V g to scan input.
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to VS? ............................ +0.3V to —-20V

Operating Temperature Range {Ambient

............................

0°C to +70°C

Storage Temperature Range {Ambient). . .. ........c.coieirerrrnnnenns -40°C to +100°C

MAXIMUM OPERATING CONDITIONS

PARAMETER MIN MAX UNITS NOTES
T N Operating Temperature 0 70 C
Vss Supply Voltage (V gp=0V) 10 15 Y 1
Iss Supply Current 30 mA 2
Break Down Voltage
B, (Segment only @ 1% uA) Ves —26 v
Pp Power Dissipation 670 mW 3
ELECTRICAL CHARACTERISTICS
(Vpp=0V, Vgs =+ 10.0V to + 15.0,0°C < T, < 70°C)
Static Operating Conditions
PARAMETER MIN MAX UNITS NOTES
V,. |Ifput Low Voltage, “0" Voo 0.2Vgg \Y%
Viu input High Voltage, ‘1" Vss—1 Vs \% 4
Voo |Output Voltage “0”" @ 30u A 0.2V \% 5
Vou |Output Voltage “1” @ 1.5 mA 0.8V, v 5
[ oy |Output Current 1"
digit strobes 3.0 mA 6
segment outputs 10.0 mA 7
! scan|Scan Input Pullup Current @ OV 5.5 mA
Scan Input Pulldown
! scan|Current @ 15V 2 40 uA
| SET SET Input Pullup Current @ OV 5 60 u A
NOTES:
1. With 150 pF capacitor to Vgg from counter BCD and register BCD inputs.
2. 'SS with inputs and outputs open at 0°C. 28mA at 25°C and 25mA at 70°C. This does not include segment current,
Total power per segment must be limited not to exceed power dissipation of package. (eJA =100 C/Watt)
3. All outputs loaded '
4. MIN ViH from Ra Rg Rc Rp Ca Cg Cc Cp inputsis Vgg —2.5V. Those inputs have internal pulldown reisitors to V.
5. This applied to the push pull CMOS compatible outputs. Does not include digit strobes on segment outputs.
6. For VoyT = Vgs —2.0 volts. Average value over one digit cycle.
7. For VouT = Vgs —3.0 volts. Average value over one digit cycle.
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Dynami¢ Operating Conditions

PARAMETER MIN MAX UNITS NOTES

fe Count Input Frequency 0 1.00 ‘MHz 8,9
i Scan Input Frequency 0 20 KHz

t cpw | Count Pulse Width 400 ns 10
tepw |Store Pulse Width 2.0 us

tgs |Store Setup Time 0 us 1
teis  |Count Inhibit

Setup Time 0 T 1
typs |Up/Down Setup
Time =S us 1"

tepw |Clear Pulse Width 2.0 s 11
tcs Clear Setup Time - 0.5 us n
toa |Zero Access Time 3.0 us 1
toy |Zero Hold Time 1.5 us 11
tea |Carry Access Time 1.5 us 11
tey |Carry Hold Time 0.9 us 12
tea Equa! Access Time 2.0 us 11
tey  |Equal Hold Time 1.5 s 11
e Load Time 1/6

NOTES:

8. Measured at 50% duty cycle.

9. If carry, equal, or zero outputs 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.
11. The positive edge of the count input is the t = O reference.
12, Measured from negative edge of count input.

PACKAGE DESCRIPTION 40-pin Dual In-Line Plastic
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NOTE:

1. The true position pin spacing is 0.100 betwean center
lines. Each pin centerline is located withint 0100 of
its true longitudinal position relative to pins 1 and 40.

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 to 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 from its use. No license is granted under any patents or patent
rights of Mostek.

Printed In Germany

Copyright 1976 by Mostek Corporation
All rights reserved




TIMING
-‘1 '-"uoa - I“t\l"
UP/DOWN H
f.:u—-l }-—-l }‘—(cu
COUNT (NHKIBIT | I
= f"'tu

STORE

—u]t,"r— - typy b
CLEAR

—4 L—tcs

COUNT | | | | | ] | |

= toa — — Lou e
ZERO ‘3/"{) I

= tea = o peten

CARRY |

Ttu -l - ten (ol
EQUAL 1

LoaD CounTER |

LOAD REGISTER

LOADING COUNTER, REGISTER (1 DIGIT)

LOAD COUNTER
OR REGISTER

BCD DATA INPUT

DIGIT QUTPUT &

[_r“‘-‘
1 cr.

37

DIGIT QUTPUT 5 ETC

COUNT INPUT, CARRY

EQUAL,ZERO OUT PUT

INHIBITED DURING THIS
TIME

COUNT INPUT

t s 2.0psec min NOTE:REE TO POSITIVE
TRANSt/i*noN OF DIGIT OUTPUT

NOTE: REF TO NEGATIVE
EDGE OF DIGIT OUTPUT

tpy 2.0 ysec min

NOTE:

- The inhibit function of the zero or equal
| I |
ZEROL OUTiPUL 1 outputs does not end when the Load Count-
tea "] ':;J L_ t er input goes to a ‘0’ unless that transition
—— CH occurs during interdigit blanking period at
CARRY OUTPUT i | least 2.0 M sec prior to a positive transition
t-EA_-I I._. _.| }‘_tzu of a digit output. This same timing re-
- — striction hold for Equal and Low Register.
EQUAL OUTPUT : |
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LASER- & Electronic-Equipment

I ICM7216A Universal Counter, Drives Common Anode LED's

A. Schiirmann
Eierbrechtstr. 47, 8053 Zirich
Tel. 01 55 33 30, Telex 52124

ICM7216B Universal Counter, Drives Common Cathode LED’s - -
' ICM7216C Frequency Counter, Drives Common Anode LED’s
ICM7216D Frequency Counter, Drives Common Cathode LED’s

¢ FEATURES
ICM7216A AND/B’ o
"~ * Functlons as a Frequency Counter, Period Counter,

Unit Counter, .Frequency Ratio Counter or Time
Interval Counter

* Four Internal Gate Times:
0.01-sec, 0.1 sec, 1 sec, 10 sec in Frequency
' Counter Mode

* 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in

( ‘eriod, Frequency Ratio and Time Interval Modes
. Measures Frequencies from DC to 10 MHz

¢ Measures Period from 0.5u sec to 10 sec
ICM7216C AND D

* Functions as a Frequency Counter. Measures
Frequencies from DC to 10 MHz

¢ Decimal Point and Leading Zero Blanking May be
Externally Selected

ALL VERSION_S; 3 .
.- Eight Digit Multiplexed LED Outputs
¢ Output Drivers will Directly Drive Both Digits and
Segments of Large LED Displays. Both Common

Anode and Common Cathode Versions are
Avallable

Single Nominal 5‘) Supply Required

Stable High Frequency Osclllator, Uses Either
"MHz or 10 MHz Crystal

i
]
l- Internally Generated Multiplex Timing with
Interdigit Blanking, Leading Zero Blanking -
L]

and Overflow Indication

Decimal Point and Leading Zero Blanking
Controlied Directly by the Chip

Display Off Mode Turns Oft Display and Puts
Chip into Low Power Mode

Hold and Reset Inputs for Additional Flexibility
y Test Speedup Function Included
l All Terminals Protected Against Static Discharge

RDERING INFORMATION

Iniversal Counter for use with Common Anode LED Display:
Universal Counter for use with Common Cathode LED Display:
Frequency Counter for use with Common Anode LED Display:
!requency Counter for use with Common Cathode LED Display:

valuation Kit:
l ICM7226 EV/Kit

{TERSIL, INC., 10710 N. TANTAU AVE., CUPERTINO, CA 95014

GENERAL DESCRIPTION

The ICM7216A and B are fully integrated Universal
Counters and LED display drivers. They combine a
high frequency.oscillator, a decade timebase counter,
an 8 decade data’counter and latches, a 7 segment
decoder, digit multiplexers and 8 segment and 8 digit
drivers which can directly drive large LED displays.
The counter inputs have a maximum frequency of 10
MHz in frequency and unit counter modes and 2 MHz in
the other modes. Both inputs are digital inputs. In
many applications, amplification and level shifting will
be required to obtain proper digital signals for these
inputs.

The ICM7216A and B can function as a frequency
counter, period counter, frequency ratio (fa/fg:
counter, time interval counter or as a totaliZing
counter. The counter uses either a 10 MHz or 1 MHz
quartz crystal timebase. An external timebase input is
also provided. For period and time interval, the 10MHz
timebase gives a 0.1 usec resolution. In period average
and time interval average, the resolution can be in the
nanosecond range. In the frequency mode, the user
can select accumulation time of 0.01 sec, 0.1 sec, 1sec
and 10 sec. With a 10 sec accumulation time, the
frequency can be displayed to an accuracy of 0.1 Hz in
the least significant digit. There is 0.2 seconds between
measurements in all ranges.

The IMC7216C and D function as frequency counters
only, as described above.

All versions of the ICM7216 incorporate leading zero
blanking. Frequency is displayed in KHz. In the
ICM7216A and B, timeis displayed in usec. The display
is multiplexed at 500Hz with a 12.5% duty cycle tor
each digit. The ICM7216A and C are designed for
common anode display with typical peak segment
currents of 25mA. The ICM72168B and D are designed
for common cathode displays with typical peak
segment currents of 12mA. In the display off mode,
both digit drivers and segment drivers are turned off
enabling the display to be used for other functions.

ICM 7216 A 1JI
ICM 7216 B IPI
ICM 7216 C  WJI
ICM 7216 D (PI

l L Pachage 1Sea Outline Drawing
Yemperature Range -20°C to +70*C

(408) 996-5000 TWX: 910-33R-0171
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ICM7216 ’
. PIN CONFIGURATIONS

controL meuT ] 1

- weutTse(]2
PUNCTION tNeUT[] 3
DIGIT O QUTPUT ] ¢
DIGIT2OUTPUT(] §
DIGITTOUTPUT ] 6

%

oGITI0UTPUT (] 7 “seMTanes’ 22
v o] e tttsiiod 5,

DIGITS OUTPUT (] 9

DIGITS OUTPUT [ 10
DIGIT 6 OUTPUT [ 11
DIGIT 7 OUTPUT (] 12
RESTT weut [] 13
RANGE NeUT (] 14

2
19
1
7
18
1$

. INTERSIL |

) weut &
L_‘lnow INFPUT
] osc outeuT
[7] osC INeUT

[ EXT OSC INFUT

[ s£G G outrut
] s€G € ouTPUT
] 366 A OUTPUT
] seG DouTPUT
v

] s€G B OUTPUT
] sec c ouTrPUT
[] seG F ouTPUT

CONTROL INPUT []

MEASUREMENT IN PROGRESS [
DIGIT 0 OUTPUT [}

DIGIT 2 OUTPUT []
DIGIT 1 OUTPUT [
DIGIT 3 OUTPUT [

v [
DIGIT 4 ourmr[:‘
DIGIT S OUTPUT [}
DIGIT 6 OUTPUT [ 10
DIGIT 7 OUTPUT [] 11

© A NN AW N =

CONTROL INPUT [[] 1 hd 28 [JINPUT A
rure(] 2 27 [ JHOLD weruT
FUNCTION INPUT ] 3 2¢ [ ] osc ouTPUTY
DECIMAL POINT OUTPUT[] 4 75 [ ] OsC iNeuT
SEGEOUTPUT[] S 24 [ EXT OSC iNPUT
SEGA OUTPUT ] 6 23 [] DIGIT 0 OUTPUT
SEQAOUTPUT[] 7 1cMT216A 22 [] OIGIT 1 QUTPUT
v-(s n [JoiGiT20uTPUT
SeEGDOUTPUT ] 9 20 [ DIGIT 30UTPUT
SEG B OUTPUT [] 10 19 [J OIGIT 4« OUTPUT
SEGCOUTPUT[] 11 wilv*
sea FoutruT[] 12 17 [JoiGiT s ouTruT
RESEY ineuT [] 13 16 [] 01GIT 6 OUTPUT
- RANGE INPUT[] 14 15 [ JOIGIT 7 oUuTPUT
CONTROL INPUT[] 1 4 28 [ INPUT A
2 27 [[] HOLD INPUT
DECIMAL POINT OUTPUT [] 3 26 [] osc ouTPUT
SEG E OUTPUT [] 4 25 [JosC INPUT
SEG G OUTPUT [] 5 - 24 [] EXT OSC INPUT
SEG AOQUTPUT [] 6 23 [] 0i1GIT 0 oUTPUT
v-[] 7 1cmM7216c 22 [] DIGIT Y OUTPUT
seGoouTruT [ 8 21 [J 0IGIT 2 oUTPUT
SEGBOUTPUT [ 9 20 [] DIGIT I OUTPUT
SEG COUTPUT [] 10 19 [] DIGIT 4 OUTPUT
SEG FouTPuT [ 11 Bv*
RESET inpuUT [ 12 17 [ DiGIT 5 OUTPUY
EX. D.P. INPUT (] 12 16 :Jolc;rsouwur
RANGE INPUT [} 14 15 [ ] DIGIT 7 OUTPUT

EVALUATION KIT

The ICM7226 Universal Counter System has all of the
features of the ICM7216 plus a number of additional
features. The ICM7226 Evaluation Kit consists of the
ICM7226AIDL (Common Anode LED Display), a 10
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
. M7226 Universal Counter System.

. MEASUREMENT iN PROGRESS [

RESET inpPUT [
EX. D.P. ineuT ]
RANGE INPUT

28 [JINPUT A
27 [JHOLD INPUT
26 [ ] 0SC ouTPUT
25 [TJOSC INPUT

24 [ ] EXT OSC INPUT
. 23 [7] DECIMAL POINT OUTPUT
ICM72160 22 [] SEG G QUTPUT
21[] SEG EOUTPUT
20 ] SEG A OUTPUT
19 [T] SEG D OUTPUT

wljv*

17 [ ] SEG 8 OUTPUT

16 [ JSEG C OUTPUT
15 [] SEG F QUTPUT

] DECIMAL POINT OUTPUT

- am
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./ICM7216

70°C

Range

Range

(

1. The ICM7216 may be triggeredintoa destr
input or outputs are forced to voltages ex

ABSOLUTE MAXIMUM RATINGS

Maximum Supply Voltage (V™ - vy~
Maximum Digit Output Current
Maximum Segment Output Current
Voltage On Any Input or )
Output Terminalj1) .......... V* + 3V to VT -3v
Maximum Power Dissipe on at
secceecccceaaa... 1.0 Watts (ICM7216A & C)
0.5 Watts (1ICM72168B & D)

Maximum Operating Temperature
. «».. —20°C to +70°C
Maximum Storage Temperature -
ttecereetieeiataai.... —55°C to +125°C

res e e

ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: vt — v~

ijctive latchup modae if either input
ceeding V¥ 1o V= by more than 0

= 5.0V, Test Circuit, Ta =

... 6.5 Volts
«ev... 400mA
60mA

NOTE:

INTERS L

“Absolute Maximum
ce lailure. These are
ation of the devices at
hose indicated in the

Stresses above those listed under
Ratings” may cause permanent davi
stress ratings only and functional oper
these or any other conditions above t
operation sections of this specilication is not implied.
Exposura to absolute maximum rating conditions for
extended periods may cause device failures,

signals are applied before the power supply is applied orit
.3 volts.

25°C, unless otherwise specified.

1

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNITS
l ICM7216A/B ;
Operating Supply Current lop Display O, Unused lnputs to V™ 2 s mA
" Supply Voltage Range -20°C < Ta < +70°C, Input A,
l . Input B Frequency at Fpax 4.75 6.0 Volts
Maximum Frequency FaA max ~20°C < Ta < +70°C
Input A, Pin 28 . 475 <vVt—v— <6 ov, Figure 1,
Function = Frequency, Ratio, Unit .
Counter 10 MHz
Function = Period. Time Interval 2.5 MHz
Maximum Frequency Famax -20°C < Ta < +70°C
tnput B, Pin 2 4.75v < vt < g0V 25 MHZz
Figure 2
Minimum Separation -20°C < Ta < 70°C
Input A to Input B 4.75V < V1 < 6.0V 250 nsec
Time Interval Function Figure 3
Maximum Osc. Freq. and Ext, -20°C < Ta < +70°C
Osc. Frequency ' 475 <v*—v~ <60v- 10 MHz
Minimum Ext. Osc. Freq. - 100 KHz
Oscillator Transconductance gm V' -V =475V, Ts = +70°C 400 us
Multiplex Frequency fmux fosc = 10MHz 500 Hz
Time Between Measurements fosc = 1OMHz 200 msec
Input Voltages:
Pins 2,13,25.27.28 ~20°C < Ta <+70°C
Input Low Voltage ViL 1.0 Volts
Input High Voltage ViM 35 Volits
Input Resistance to v+ 2
Pins 13,24 100K 400K ohms
Input Leakage
[ Pin27 Ik 10 HA
I 30F 16




ICM7216

ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER S8YMBOL CONDITION MIN. TYP, MAX. UNITS
ICM7216A
Digit Driver:
Pins 15,16,17,19,20,21,22,23
High Output Current toH Vour = vt - 20v -170 -200 mA
Low Output Current foL Vour = 1.0V 03 mA
Segment Driver:
Pins 4,5.6,7,9,10,11,12
Low Output Current foL Vour=V_ + 15V 25 35 mA
High Qutput Current loH Vour = vt - 25v 100 sA
Multiplex Inputs:
Pins 1,3,14
Input Low Voltage - Vie 0.8 Volts
Input High Voitage Vi V= +20 Volts
lnput Resistance to V™ R ViN=V~ + 1.0V 100 200 Kn
ICM7216B -
Digit Driver: '
Pins 4,5.6,7,9,10,11,12
Low Output Current lo Vour =V~ + 1.0V 50 75 mA (
High Output Current loH Vour =Vt - 2.5v 100 uA
Segmant Driver:
Pins 15,16,17,19,20,21,22,23
High Output Current low Vour=v*t - 20v 10 mA
Leakage Currant i Vour = vt - 2.5v 10 kA
Multiplex Inputs:
Pins 1,3,14
Input Low Voltage Vi vt- 20 Volits
Input High Voltage Vin vt- 08 Volts
Input Resistance to V* R vt— 10v 200 360 Ka |
TYPICAL OPERATING CHARACTERISTICS
TEST CONDITIONS: V¥ — V™ =50V, Test Circuit, TA = 25°C, unless otherwise specified.
PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNITS
ICM7216C/D
Operating Supply Current fop Display Off, Unused Inputs to V™ 2 5 mA (
Supply Voltage Range -20°C < Ta < +70°C, Input A
Frequency at Fmax 4.75 6.0 Volts
Maximum Frequency FMAX ~20°C < Ta < +70°C
Input A, Pin 28 475 <vt v~ <6.0v, Figure 1 10 MHz
Maximum Osc. Freq and Ext. -20°C < Ta < +70°C
Osc. Frequency 475 <Vt - v~ <60V 10 MHz
Minimum Ext. Osc. Freq. 100 KHz
Oscillator Transconductance gm V- V™ =475V, Ta = +70°C 400 umhos
Muttiplex Frequency fmux fosec = 10MH2z 500 Hz
__ne Between Measurements fosc = 10MHz 200 msec
tnput Voltages:
Pins 12,27.28
Input Low Voitage ViL -20°C <Ta < +70°C 3.5 Volts
Input High Voltage Vi 1.0 Volts
Input Resistance to V*
Pins 12.24 R 100 400 KN
Input Leakage )
Pin 27 L 10 pA
Input Current lov VoL =V~ + .4V 0.36 mA
Pin 2 lon Vown = Vi- 8V 265 A




ICM7216 - - INTERSIL

- TYPICAL OPERATING CHARACTERISTICS (Continued)

PARAMETER SYMBOL CONDITION MIN, TYP. MAX. UNITS

ICM7216C
Digit Driver:
Pins 15,16,17,19,20,21,22,23

High Output Current 1o Vour=vt- 20v - -170 200 mA
Low Output Current loL Vour = 1.0V 03 mA

Segment Driver: :

= Pins 3.4,5.6,8,9,10,11
. Low Output Current loL Vour =V~ + 1.5V 25 30 mA
High Output Current lou Vaur=vt- 25y y 100 | uA
Multiplex inputs:
> Pins 1,13,14
. Input Low Voltage Ve 0.8 Voits
Input High Voltage ViH VT +20 Volts

Input Resistance to vV~ R VIN=V™T +1.0v 100 200 Kn
ICM7216D '

¢ 'git Driver:
.Yins 3,4,5,6,8,9.10,11

Low Output Current loc Vour =V~ + 2.0V 50 75 mA
High Output Current lom Vour = vt — 2.5v 100 2A

Segment Driver:
Pins 15,16,17,19,20,21,22,23 :
High Output Current fon Vour=vt- 20v 10 15 ‘ uA
Leakage Current I Vour = Vvt - 2.5v 10 uA

Multiplex inputs:

Pins 1,13,14
Input Low Voltage Vie vt_ 20 Volts
tnput High Voltage Vi ) vt- o8 Volts
Input Resistance to V* Vm=Vvt_ 10v 200 360 (¢}

0.5v | | t "ty = 10 nsec
8§80 s MIN

INPUT A /—\

FIGURE 1. Waveform for Guaranteed Minimum FaAMAX 250 m MIN —>}+— 250 nt um-—f
Function = Frequency, Frequency Ratlo, Unit Counter. jnUNne | ‘L

FUNCTION = te = tg = 10 nvec
TIME INTERVAL

FIGURE 3. Wavetorm for Minimum Tlme Between
Transitions of Input A and Input B.

INPUT A 4.5v

wrors oV Channel A going negative starts the time interval
counter. Channel B stops the counter. Channe! A must
then go negative after B goes negative to complete the
measurement cycle. Onrepetitious signals, this occurs
- automatically. On “one-shot” time interval measure-
FIGURE 2. Waveform for Guaranteed Minimum Femax ments, external provisions must be made to accom-

and FAMAX for Function = Period and Time Interval., modate the above described procedure.

6 OF 16
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. exT
OSC s !
os: osc 3 BT 8 DIGIT |
: : DECOOER ouTPuTS i
. eyt seLecT . ’ onivens [70 ) .’
% t
]
0sC _ = {
ouTrUTY
+103
RANGE SELECT RANGE RANGE
e fode e [l
+104 OR : 3108 —— -
. s |
AESEY STORE AND
INPUT - RESET LOGIC
: 6
. y CONTROL CONTROL
7+1 “Logic |*=0 input
+10% COUNTER . .
0Pp. O D.P.
cL OVERFLOW LoGIC INPUT2
. i 4 fa fa fa fa bata b4
NPT controL | ¢ 1 1 “
A : LOGIC
INPUT ouTrUT
. al mux |~ DATALATCHES  STORE fol
;. l 4 7 8 SEGMENT
| DECOOER| ] SEGMENT
“~1"Loaic ORIVER [7 °8‘,”"U"s
. :
[} B
CONTROL cL
LOGIC MAIN
MEASUREMENT iN
FF PROGRESS OUTPUT ’

N
FUNCTION
iNey T1 O———={ CONTROL
LoGic

HOLD NOTES: 1) FUNCTION INPUT AND INPUT B AVAILABLE ON ICM T216A/8 ONLY,

i .

CM 7216C/0 ONLY,

BLOCK DIAGRAM

2} EXT D.P. INPUT ANO MEASUREMENT IN PROGRESS OUTPUT AVAILABLE ON
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FUNCTION NPUT A v* v v* V' DiseLaY DIsPLAY EXT
GENERATOR ? ? K0 ? ? OFF TEST MMe OSC  TEST
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FUNCTION
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3 26 CAYSTAL .
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LED E=
OVERFLOW —do e L] . [} [ [ L)
INDICATOR -
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TEST CIRCUIT

OVERFLOW WILL BE INDICATED ON THE DECIMAL
POINT QUTPUT OF DIGIT 7.

LED OVERFLOW INDICATOR CONNECTIONS
CATHODE ANODE

ICM 7216A  DEC. PT. D,
ICM 7216B D, DEC. PT.
ICM 7216C  DEC. PT. D,
ICM 7216D Dy DEC. PT.
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ICM7216

APPLICATIONS NOTES
GENERAL

Inputs A and B

Inputs A and B are digital inputs with a typical switching
threshold of 2.0V at V*= 50V, For optimum performance the
peak-to-peak input signal should be at least 50% of the
supply voltage and centered about the switching voltage.
When these input.s are belng driven from T2L logic, it is
desirablg to use a pullup resis!or The circuit counts high to
low transitions at both inputs.

Note: The amplitude of the input should not exceed the
supply, otherwise, the circuit may be damaged.

Muttiplexed Inputs

The function, range, control and external decimal point
inputs are time multiplexed to select the input function
desired. This is achieved by connecting the appropriate digit
driver output to the inputs. The input function, range and
controlinputs must be stable during the last half of each digit
output, (typically 125usec). The multiplex inputs are active
high for the common anode ICM7216A and C and active low
tfor the common cathode ICM72168 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 maximum noise immunity, ai10K
resistor should be placed in series \I}Ith the multiplex mputs
as shown in the application notes.

Table 1 shows the functions selected by each digitfor these
inputs.

Control Input Functions

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

b. Display Off — To enable the Display Off mode it is
necessary to input D3 to the control input and have the
HOLD input at V™. The chip will remain in the Display Off
mode until HOLD is switched back to V™. While in the
Display Off mode, the segment and digit driver outputs are
open. Durmg Display Off the oscillator continues to run
with a typical supply current of 1.5mA with a 10 MHz
crystal and no measurements are made. In addition,
inputs to the multiplexed inputs will have no effect. A new
measurement is initiated when the HOLD input is
switched to V™.

1 MHz Select — The 1 MHz select mode allows use of a 1
MHz crystal with the same digit multiplex rate and time
between measurements as with a 10 MHz crystal. The
decimal point s also shifted one digitto the rightin Period
and Time Interval, since the least significant digit will be in
usecond increments rather than 0.1 usec increments.

d. External Oscillator Enable — In this mode the external
oscillator input is used instead of the on-chip oscillator for
Timebase input and Main Counter input in Period and
Time interval modes. The on-chip oscillator will continue -
to function when the external oscillator 1s selected. The
external oscillator input frequency must be greater than
100 KHz or the chip will reset itself to enable the on- chip
oscillator.

INTERSIL

TABLE 1
FUNCTION DIGIT
Function lnput:—'; Frequency Do
Pin 3 Period D7
I(CIJSI'\;)HWA &8 Frequency Ratio D1
Time Interval De __
ﬁnll Counter | 63”
Oscillator D2
Frequency
Range Input .01 sec/1 Cycle Do 4
Pin 14 13ec/10Cycles Dy 5
136¢/100 Cycles Dz 9
10 sec/1K Cycles D3 }
External Range D« CJ' (
Input Enabled
Control Input hB“I:nkolsplayg D3 and Hold
Pin 1 Dispiay Test™” D7
1 MHz Select” D1
External Oscillator Do
Enable
External Decimal D2
Point Enable
Test T D4

External Decimal Decimal point is output for same

Point Input digit that is connected to this
Pin 13, ICM7216C| 'MPUt
& D Only

e. External Decimal Point Enable — When external decim(
paint is enabled a decimal point will be displayed
whenever the digit driver connected to the external
decimal point is active. Leading Zero Blanking will be _
disabled for all digits following the decima! point.

Test Mode — Inthetest mode the main counter is split into
groups of two digits each and the groups are clocked in
parallel. The reference counter is split such that the clock
Into the reference count goes directly to the clock of the
third decade counter (10 sec/1K cycle range). The count
in the main counter is continuously output.

Range Input — Therangeinput selects whether the measure-
ment is made for 1, 10, 100, 1000 counts of the reference
counter. In all functional modes except Unit Counter a
change in the range input will stop the measurement in
progress without updating the display and then initiate a new
measurement. This prevents an erroneous first reading after
the Range Input is changed.

Function Input — The six functions that can be selected are:
Frequency, Period, Time Interval, Unit Counter, Frequency
Ralio and Oscillator Frequency. This Inputis available onthe
ICM7216A and B only.
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These functions select which signal is counted into the Main
Counter and which signal is counted by the reference
gicounter as shown in Table 2. In Time Interval a flip flop is
oggled first by a 1-0 transition of Input A and then by a 1-0

! transition of Input B. The oscillator is gated into the Main
| _Counter from the time Input A toggles the flip flop until Input
gates the flip flop. A change in the function input will stop

he measurement in progress without updating the display
and then initiale a new measurement. This prevents an
trroneous first reading after the Function fnput is changed.

TABLE 2
DESCRIPTION | MAIN COUNTER REFERENCE
COUNTER
I
Frequency (Fa) | Input A 100 Hz (Oscillator
A =+ 105 or 104).
P( d(Ta) Oscillator Input A
l Ratio (FA/FB) input A Input B
Time Interval Osce(Time Time Interval FF
(A — B) Interval FF)
Unit Counter Input A Not Applicable
{Count A)
Osc. Freq. Oscillator 100 Hz (Oscillator
' (Fosc! + 105 or 104)

xternal Decimal Point Input — When the exlernal decimal
‘oinl is selected this input is active. Any of the digits, except
D7. can be connected to this point. D7 should not be used
since it will override the overflow output and leading zeros
lill remain unblanked after the decimal point. This input is
vailable on the ICM7216C and D only.

Hold Input — When the Hold Inputis at V¥, any measurement
pre-ress is stopped, the main counter is reset and the chip
H. ready to initiate a new measurement. The latches
which hold the main counter data are not updated so the last

complete measurement is displayed. When Hold is changed-
V™. a new measurement is initiated.

eset Input — The Reset Input is the same as a Hold Input,
excepl the latches for the Main Counter are enabled,
rsm:ing in an output of all zeros.

DISPLAY CONSIDERATIONS

lhe display is multiplexed at a 500 Hz rate with a digittime of
44 usec. An interdigit blanking time of 6 usec is used to
prevent ghosting between digits. The decimal point and
g'2ding zero blanking have been implemented for right hand
[eeimal pointdisplays. Any zeros following the decimal point
ill not be blanked. Also, the leading zero blanking will be
disabled in the Main Counler overflows. :

lhe ICM7216A and C are designed to drive common anode
ED displays at peak current of 25mA/segment, using
Jisplays wilh VF = 1.8 V at 25mA. The average DC current will _
€ over 3mA under these conditions. The ICM7216B and D
lc designed to drive common cathode displays at peak
urrent of 15mA/segment using displays with VF = 1.8V at
SmA. Resistors can be added in series with the segment
rvers to limit the display currentin very eflicient displays, if

———— e —— -

: INTERS L,

required. Figures 4,5,6 and 7 show the dj

git and segment
currents as a function of oufput voltage.

To get additional brighlness out of the displays, v+ may be
increased up to 6.0V. However, care should be taken to see
that maximum power and current ratings are not exceeded,

300

loig (mA)

100

+70°C

V*-Vour (VOLTS)

FIGURE 4. ICM7216A & C Typlical Ipg vs. V¥
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0 -
0 1 2 3

Vout- V" (VOLTS)

lggg ImA)

Vour - V7 IVOLTS)

FIGURE 5. ICM7216A & C Typlical lgeg vs. Vg yr- V™
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he segment and digit outputs in ICM7216's are not directly
compatible with either TTL or CMOS logic. Therelore, level
hilling with discrete transistors may berequired lo use these

ulputs as logic signals. A

v

cgment ldentilication; F ,u

j (e,
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ACCURACY

In a Universal Counter crystal drift and quantization errors
cause errors. In Frequency, Period and Time Interval modes,
a signal derived from the osclllator is used in either the
Reterence Counter or Main Counter. Therefore, in these
modes an error in the oscillator frequency will cause an
identical error In the measurement. For instance, an
oscillator temperature coefficient of 20ppM/°C will cause a
measurement error of 20ppM/°C.

In addition, there is a quantization error inherent in any
digital measurementof +1 count. Clearly this erroris reduced
by displaying more digits. In the Frequency mode the
maximum accuracy is obtained with high frequency inputs
and in Period mode maximum accuracy is obtained with fow
frequency inputs. As can be seen in Figure 8, the least
accuracy will be obtained at 10 KHz. In Time Interval
measuremenls there can be an error of 1 count per inlerva{
As aresult there is the same inherent accuracy in all range
as shown in Figure 9. In Frequency Ratio measurement can
be more accurately obtained by averaging over more cycles
of Input B as shown in Figure 10.

\ FREQUENCY

MEASURE

2o, /
5

\ 2, &,

2

PERIOD MEASURE,
— tosc = 10MHz

MAXIMUM NUMBER
OF SIGNIFICANT DIGITS
»

A 10 103 108 107 (
FREQUENCY (Hz)

FIGURE 8. Maximum Accuracy of Frequency and Perlod
Measurements Due to Limitations of
Quantization Errors

MAXIMUM TIME INTERVAL ]

\ FOR 10) INTERVALS
N V|
4 1 T
1 MAXIMUM TIME
1 INTERVAL FOR

’ 102 INTERVALS
|

MAXIMUM NUMBER
OF SIGNIFICANT DIGITS

6 I !.
T~ MAXIMUM TIME INTERVAL hg
FOR 10 INTERVALS ]
s I S B |
1 10 102 100 104 105 106 10! 108

TIME INTERVAL (LSEC)

FIGURE 9. Maximum Accuracy of Time Interval

Measurement Due to Limitations of
Quantization Errors
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FIGURE 10. Maxlmum Accuracy for Frequency Ratio
Measurement Due to Limitatlon of
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INTERSIL
CIRCUIT APPLICATIONS

The ICM7216 has been descgned for use in a wide range of
Universal and Frequency counters. In many cases,
prescalers will be required to reduce the input frequencies to
under 10 MHz. Because Input A and Input B are digital inputs,
additional circuitry often will be required for input butlering,
amplification, hysterisis, and level shifting 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 ICM7216A or B can be used as a minimum component
complete Universal Counter as shown in Figure 11, This
circuit can use input frequencies up to 10 MHz at Input A and
2 MHz at Input B.

For input frequencies up to 40 MHz the circuit shown in
Figure 12 can be used to implement a frequency counter. To
obtain the correct measured value, it is necessary to divide
the oscillator frequency by four as well as the input
frequency. In doing this the time between measurements is
also lengthened to 800 msec and the display multiplex rateis
decreased 10 125 Hz.

vt v v OIsPLAY DIspLAY  EXT
? P 10KQ o BLANK  TEST ENABLE
AN
J9pF _'[
TYP. A=
wout & X m,m;
I
gzzmz I
CRYSTAL
—f 1 28 | 100K <2 I H l } ] Dy Do
INPUT B b 4 27 @ .
3 26 IN914'S
39pF ¥
Do 4 25 —L——ov‘ 3 EXT
FREQUENCY (55— 10K82 Dz £ - 0 0sC
oo INPUT
ERIOD "D_O, . - - o 0o 4
FREQUENCY RATIO RANGE
7 22 G = Oy s
. ICM 10K oO—+¢ SEC. CYCLES
IME INTERVAL $— m 8 72168 21 E " Dy .0V 1.0
N VWA— o i
UNIT COUNTER 03——0 Da 9 20 ) 2 | :; :.; 'lo«:’%
OSCILLATOR FREQ. p——O Ds ) 19 A 03 l{o; we
Os¢ 1" 18 - o vt
A6 ] [o7] 12 17 B
o O 13 16 c : SEGMENT DRIVERS
4 1 A
An
oGIT [common caTHOOE LED DISPLAY | Le
lorivers -
& o
. g I
€
d — :
« — L
{f — 1C
9 —
® L ] L] L] L ] ® * w — =
; o, |Leo
‘07 O 0y 04 03 02 0y lo" f\,¥ " | overFLow
. | | _ 1 INDICATOR
7y P K 4 A
i ? / ] J A J -77

FIGURE 11. 10MHz Universal Counter

B -
e ———




ICM7216

INTERSIL

INPUT A
cL o .
(VAR C %74LST4 pio—vy*
) Q v* vt EXY
P OSC  DISPLAY DISPLAY
l l:s} ? EN OFF TEST
i = / 290F
=L yope L 29
7 Tye
cL O
Al C %74LS74 P
22m01
o o
2.5 MHe O ] 7
CRYSTAL
1N914°S
1 -3
TDl" T exy
- 0 05C

INPUT

10K

| common ANODE LED DISPLAY |

[ S—

- h

0;0—¢

—dp

LED OVERFLOW ]
INDICATOR D, J 0,

EE

HHAE

1

]

If the input frequency is prescaled by ten, then the oscillator
can remain at 10 or 1 GHz, but the decimal point must be
moved one digit to the right. Figure 13 shows a frequency
counter implemented with a +10 prescaler and an
ICM7216C. Since there is no external decimal point with the
ICM7216A or B, the decimal point must be implemented with
additional drivers as shown in Figure 14, Note that there can
be one zero to the left of the decimal point since the internal
leading zero blanking cannot be changed. in Figure 15
“itional logic has been added to count the input directly in
mode for maximum accuracy. On both Figures 13 and

14, Input A comes from Qc of the prescaler rather than Qa to
obtain aninput duty cycle of 40%. I the signal at Input A has a
very low duty cycle then it may be necessary to use a 74121
monostable multivibrator or similar circuit to strelch the
input pulse width to guarantee 50 nsec minimum pulse width.

YO AC g

FIGURE 12. 40MHz Frequency Counter
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INPUT
A
+—a ::; 5 3 . DEVICE NO, TYPE
a Q¢ . 1 74500
2 C04014
3 741890
OR
xQ " 74C90
—WA—0O
| vt v v* v* -
g & 10K 02 %
o ° 9 oo 9
1 :J: 3%F L 390¢
7 Tve 10K12
100K1) ' 10412
L 1Kn '_ 2222
v O_M——‘
v- OG5 1 28 22m0
v 2 27 TOMHZ
FUNCTION SWITCH 3 26 CRYSTAL 0,
OPEN: FREQ. dp 4 25 ) | I
CLOSED: PERIOD . N ! 1 D
94 6 23 Oo A 8 (
X 7 KM 22 0, .
v o ! s 72184 D
d4 9 20 ] |
by 10 19 04 14 |
X 1" 18 —ov*
- | [ 12 17 Oy
Vvo—o o— 13 16 D¢
| RESET 14 15 o, o0 £ | ‘
3 woKa 10K0 ~o—4¢ [
' 1 | -
2

conT | Co -
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a
— b
4 ::
| JconT|Dy) =
3.2 |s S
[ ] L] L ]
)oy

' LED OVERFLOW %-S Y Os [ Os ID‘ J ]
INDICATOR
' FIGURE 15. 100MHz Frequency, 2MHz Perlod Counter ) (
.DSCILLATOR CONSIDERATIONS The required gm should exceed the gm specified for the
T~e oscillator has been implemented as a high gain ICM7216 by at least 50% to insure reliable startup. The
= iplementary FET inverter. An external resistor of 10MQ or oscillator input and out'put pins ea-c_h contribute about 5pf to
2MN should be connected between the oscillator input and g'" and C?;;.bFor maxlr?'aum stabn‘fly ofr]frequer?:;yacin anc:
ulput to provide biasing. The oscillator is designed to work t°”_‘ SRaY . ¢ approximately twice the specified crysta
with a 10 MHz crystal with a series resistance of 350N and static capagcitance.
latic capacilance of 22pF. As can be seem in the typical In cases where non decade prescalers are used it may be
haracteristics, this oscillator is very stable. desirable to use a crystal which is neither 10 MHz or1MHz. In

that case both the multiplex rate and time between
measurements will be different. The multiplex rate is fmax =

3 specific crystal and toad capacitance, the required gm
ve calculated as follows:

lose _ fosc H
c 2 —=_ for 10 MHz mode and fmax = -1 forthe1MHz
= gm = w2 Cin Cout Rs (1+ = J 2x10* 2x10 2x10%
Ci de. The time between measurements is in the
CinCout MOCE: . € osc
where C = ( —_— ) 5
l = CintCout 10 MHz mode and in the 1 MHz mode.

[o} 1+
The crystal and oscillator components should be located as
close to the chip as practical to minimize pickup from other
signals. Coupling from the External oscillator input to the
oscillator output or input can cause undesirable shifts in
oscillator frequency.

Co = Crystal Static Capacitance
Rs = Crystal Series Resistance s
Cin = Input Capacitance

| Cout = Output Capacitance

' w=2

 ——
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CIRCUIT PARAMETERS
02 ———Cw = Coyr = 10pF
Rp = 22M(2

] — ]
Fa max Fa max PERIOD, /
TIME INTERVAL MOOES __/-
5

.2 ——

L il i L
[+ -4
3

Al (H)

FREQUENCY (M2}
s

Ta=25¢C

3 4 5 ]

V-V (voLTS)

vit-v

-

FA MAX, FB MAX a3 a Functlon ofvt_y-

b) Change of Osc. Frequency as Functlon of Vt_y—

FIGURE 16, Typical Operating Characteristics
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MK 5009 P
MK 5009 N

MOS Counter Time-Base Circuit m D STE

O lon-implanted for full TTL/DTL compatibility
D Internal clock operates from:

External signal

External RC network

External crystal

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

DESCRIPTION

The MK 5009 P is a highly ver-
salile MOS oscillator and di-
vider chain manufactured by
Mostek using its depletion-
load, ion-implantation process
and P.-channel technology.
The 16-pin DIP package pro-
vides frequency division
ranges from 1 to 36%x10', The
circuit will operate from any
of three frequency sources:
the internal osciilator with an
external RC combination: the
internal oscillator with an ex-
ternal crystal; or with an ex-
ternally-applied TTL signal.
Control inputs provide addi-
tional versatility and allow the
circuit to be used in a variety
of applications including in-
struments, timers, and clocks.

With an input frequency of 1

MHz, the MK 5009 P provides
the basic time periods neces-
sary for most frequency meas-
uring instruments, ie., 1 us
through 100 seconds. One-
minute, ten-minute, and one-
hour periods are also avail-
able using a 1 MHz input
Using a 1/1.2 MHz input, the
MK 5009 P can also provide a
50/60 Hz output for accurate
generation of line frequencies
in portable instruments or
clocks.

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 con-
trol external gating circuitry.

FUNCTIONAL DIAGRAM

x
S .2 ¥
g 5 5= g8 23
FEEDBACK 12— EXTANT s
FEEOBACK z-}—- OSCILLATOR [ CoNTROL
CLAMP— +]00 £
6 +]or 3
RESET MAX : nzsgm +10'] F+107 5
RESET 0 ——{_CON s E
.4 — S—+l10t ©
> | E £ [ +2x10"
——ad lo!
24 =3
13 £ -
e S S I +6x10"
: o O = +10
x 14 —{ +6x10
_J——-| +36x 104
b | J

TIME OUT
ADDRESS INPUTS | WITHOUT RESET RESET BYPASS MODES (see page 3) "’
Reset Max. Reset Min. Mode 1 Mode 2 Mode 3
Ruu =0 Ruu =1 Rqu =0 Rw\x b Vss Rqu =0 Rw\x = VGG
25 2: 21 2 Ro =0 Ro =0 Ro =1 Ro =0 Ro = Vee Ro = Vee
0 o0 o0 o <100 = 100 100 =100 100 =100
0 0 0 1 = 10 = 10! - 10! = 10!
0 0 1 o + 10 Resets Resets - 10 =102 + 10
0 0 1 1 =10 =10 = 10} +— 10!
0 1 0 0 - 104 Counters Counters + 104 + 104 = 104
0 1 0 1 =~ 108 = 102 -+~ 108 =~ 10?
0 1 1 0 = 104 to thair to their =10 = 10¢ =10
0 1 1 1 + 107 -+ 104 =107 = 10!
1 0 0 0 =100 Highest Lowest + 108 -~ 10¢% + 102
1 o] 0 1 =+ 6 X 107 =~ 6 X 104 +— 6 X 10¢ = 6 X 10
1 0 1 0 + 36 X 10¢ States States = 36 X 108 = 36 X 108 + 36 X 107
1 0 1 1 +~ 6 X 10¢ =~ 6 X 10¢ + 6 X 108 +~ 6 X 107
1 1 1 0 L 2 X 104 = 2 X 10 - 2 X 10! = 2 X 10
L 1 1 1 1 Ext. In. Ext. In. Ext. In. Ext. Int, Ext. Int. Ext. Int.

"Addresses 1100 and 1101 result in Logic 0 at the output regardless of the state of the Reset Max. and Reset 0 inputs.

Logic 1 = High = v
Logic 0 = Low = Voo

B EEEEEE———
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to Vg . . . . . . . . . . _ . « + . =03Vt - 20V
Operating Temperature Range (Ambient) , . . . . . . < v v« . . . 0°Cto +-70C
Storage Temperature Range (Ambient) . . . . . . . . . . . . . .- 55 C to +150°C

RECOMMENDED OPERATING CONDITIONS
(0:C <7, <70°C)

PARAMETER MIN TYP MAX UNITS NOTES
Vg Supply Voltage + 4.5 + 55 \
Voo | Supply Voltage 0.0 0.0 v
Ves | Supply Voltage - 96 - 144 \
fxrar | Crystal Frequency 0.1 2.0 MHz
frc RC Frequency DC 200 kHz
Text External Frequency DC 20 | MHz
th Logic 0 Pulse Width, CLAMP — Note 5
Ext. Input 200 nsec
ton Logic 1 Pulse Width, Ext. Input 200 nsec
Reset Max 10.0 nsec
Reset 0 10.0 usec
Feedback Resistance .01 2.5 Mo Fig. 1
"E Vu Input Voitage, Logic 0. Reset Inputs 0.0 0.8 \
| ! Reset (Bypass Mode) Vee Vee + 1.0 A Note 2
R All Other Logic Inputs 0.8 \Y
,% Vin Input Voltage. Logic 1, All Logic Inputs Vgs-1.0 Vs Vs + 0.3 \
.: ELECTRICAL CHARACTERISTICS
: Vss 45V < 10%: Vpp - OViVge - =120V < 20%:0 C< T, < 70 C)
3 PARAMETER MIN | TYpt MAX | UNITS NOTES
I Supply Current, Vg 6.0 11.0 mA Note 1
lee Supply Current, Vg 6.0 11.0 mA
I Input Current, Logic 0 - 1.6 mA Note 2;
| ¢V, = 0.4V
Vou Output Voltage, Logic 0 0.4 \ lop = 1.6mA"
Vow | Output Voltage, Logic 1 2.4 \' low = —40.A"
f5ra Frequency Stability w’ Volt. Change, RC Mode =30 % /V Note 3
/ Temp. Change, RC Mode -0.2 %/ C
Crystal Mode — Note 4
t, . Jitter, Edge-to-Edge Variation <15 nsec Temp. & Sup-
ply Voltage
Constant
Tye:cal values at Vis - = 5V, Voo = OV. Vee = - 12V. and Ta 25¢<C

VoLogic inputs at Vi outpul open circuited Each logic inpul (see Nole 2) coniribules an addiional 16 mA (max) to lys when at logic O
2 Legic lnpuls are Aesel Max; Aeset 0, Address Inputs; Ext Input; Ext In1 Selecl; ang Cramp

3 Freauency vanations due 1o power supply changes only

4 Crystar mode stabiliy s dependent upon crystal

3 Mummum togic O Lime ar c.amp nput 13 530% of osciliator period.

‘Vo- Vo. apoly only to Time Out
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DESCRIPTION OF OPERATION

The MK 5009 p consists basically of a series of
counters. selectable via an internal multiplexer,
The + 10' counter Output is used to generate an
internal clock signal for the 10? through 36 x 10¢
counter stages, which are fully synchronous with
each other.

OSCILLATOR CONTROLS

Operation in the RC oscillator mode is achieved
as shown in Figure 1. Frequency, f, is approxi-
mately 0.8 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
S0 that upon release of the Clamp (return to
logic 1), the oscillator's first cycle will be a full
cycle.

The crystal oscillator mode is shown in Figure 2.
Values for the resistors are chosen to bias the
internal circuitry for optimum performance, The
two capacitors are chosen to provide the loading
Capacitance (C,) specified for the selected crys-
tal. It is recommended that C1 = C2 =2,

RESET/BYPASS CONTROLS

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

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

EXTERNAL/INTERNAL FREQUENCY SOURCE

When using an external signal source to operate
the MK 5009 P, that signal should be applied at
the External Input (Pin 3), and the External/Inter-
nal Select (Pin 5) should be brought to logic 1.

For operation with an internal signal, the Ex-
ternal Internal Select should be at logic 0.

OSCILLATOR OUTPUT

The oscillalor output, provided at Pin 10, is not
a ltrue logic output, bul may be used to drive a
high impedance device such as a junction FET
or other MOS circuitry.

16-pin ceramic dual-in-line

S - { i 2 -
=Y I

Suflix P

-12
Vee
0sC. our m
RE10Ka 5 25Kn
FEEOBACK 2 L FEEDBACK 2
czzw & v”‘*_b
I;.. FEEDBACK | ol 13a
> Voo 0 (8) FEEDBACK |
& &7 12Mg
FIG. 1
Vi
FiG. 2
PIN CONNECTIONS
TIME OUT 1 [Je 16 Vee
Voo 2 [] 15 Vg
EXT INPUT 3 [] 14 2
RESET 0 4 [] 13 2
EXT/INT 5§ [] 12 2
RESET MAX 6 [] 11 2
CLAMP 7 [] 10 0SC. out
FEEDBACK 1 8 Q 9  FEEDBACK 2
PACKAGE PACKAGE

16-pin plastic dual-in-line
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Rhythmusgenerator
fur elektronische Orgeln

Der in p-Kanal-Depletion-Load-Technik
ausgefiihrte MOS-Baustein SM 750 er-
zeugt fiir 6 Rhythmen die Impulsmuster
zum Triggern von 5 Begleitinstrumenten.
Der SM 750 ist vorwiegend fiir den Ein-
satz in einfachen elektronischen Orgeln
und anderen Musikinstrumenten konzi-
piert.

Besondere Merkmale

® Frei wéhlbare Programmierung von
6 Rhythmen

® 5 Triggerausgénge fiir Begleitinstru-
mente

® Integrierter Tempo-Oszillator

® Z&hlzyklus mit max. 32 Elementar-
Zeiten

® Die Zahlzyklusdauer (Taktzahl pro
Minute) &ndert sich beim Rhythmus-
wechsel entsprechend dem rhyth-
musspezifischem Tempo

® Variabel gestaltete Begleitung durch
wahlweises Aufteilen der 32 Elemen-
tarzeiten auf 2 oder 4 Rhythmustakte

® Alle 6 Rhythmen_sind zueinande

~ad,dj§_l_'_|‘3_§r T

® Einfacher Aufbau der Begleitinstru-
mente durch auf 8,4 ms verkiirzte
Triggerimpulse

® Down Beat Ausgang zum Anzeigen
des Taktbeginns iiber eine direkt an-
schlieBbare LED

@ Definierter Spielbeginn durch Riick-
setzeingang méglich

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

® Wahlweise _Rush-Pull_oder Open
Drain Ausgangsstufen fiir die Trigger-
ausgange

Funktionsbeschreibung anhand des
Blockschaltbildes

Die im internen Tempo Oszillator er-
zeugte Frequenz wird in einem 7-Bit
Taktfrequenzzihler geteilt. Aus diesem
Zéhler wird im Dekoder entsprechend
dem gewdhiten Rhythmus ein rhythmus-
spezifischer Takt RCF abgeleitet. Im
gleichen Block wird ein Signal zum Ver-
kirzen der Triggerimpulse auf 84 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 fir
den 5-Bit Zahler erzeugt. Der 5-Bit Zih-
ler steuert iiber einen Dekoder in max.
32 Elementarzeitschritten die Zeilen
eines 960-Bit ROM an. Sdamtliche 30
Spalteninformationen laufen {iber einen
Muttiplexer, wo nur die dem gewihiten
Rhythmus zugehérigen 5 Spalteninfor-
mationen weiter an die Ausgangslogik
durchgeschaltet werden. Die Trigger-
impulse fiir die Begleitinstrumente wer-
den Uber die Ausgangslogik auf 8,4 ms
verkiirzt. Dieser Wert gilt fiir das mas-
kenprogrammierte Standardtempo des
jeweiligen Rhythmus und er dndert sich
entsprechend, wenn von diesem Tempo
abgewichen wird.

Der eingegebene Rhythmus wird auf
¥ oder 4 Takt selektiert. Bei einem
¥ Takt Rhythmus wird der 5-Bit Zihler
bereits nach 24 Elementarzeitschritten
Uber die interne Reset Logik zuriickge-
setzt.

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

-

3505 max

L1—-— 2003 Tﬂ

Kunststoff-Steckgehiuse
16 Anschliisse

20 A 16 DIN 41 866
Gewichtetwa 1,2 g




Blockschaltbild
Yoo
T
Reset t|>—— — —“—--T-—-—ﬂl' |
R | ! o UM [— l
Tempo Tempo M Taktfrequenz [———|Dekoder und RCF Teiter — e
T——Q— s - Teiler Ly [tmputsverkir- (:2) [TT05 ]S Bit Zahter I
Kontrolle [ Oszillator (7 Bit) [—"~ zungslogik i it I
¢ == , l Reset
[7) 24 ‘
$s l I Interne Down
; Reset Dekoder | thwn.:euf ‘% Beat
l i | Logik og! I Ausgang
l = I
ty o |
N i Selektion zw, 960 Bit N :
| 34 u bk Tokt A [
l Rhythmen ‘
thyf.'hmus- E i — = Multiplexer | I
Eingdnge ,
e 1 _
I L Trigger~
, Ausgangs- } ausgiinge
Logik fur
’ Instrumente
L l_.________________________________J
Anwendungsschaltung
= Upy (=11 bis -18V)
—_——
Tempo-
Kontrolle Sx10kQ
Reset | 4 4 {nur bei opendrain
:}’ Ausgangsstufen )
2 ——4
~~ Rhythmus 1 5
! ~~_Rhythmus 2 7 %
~~ Rhythmus 3 8 SM 750 109 Ausgang 1. e
- o—
~ Rhythmus 4 16 1 Ausgang 2 Tr.iggerimpulse
- O ——] Aus 3 fir Instrumente
9ang .
o Phythmus § 15 12— (Wahlweise pushpull
o — Ausgang 3 A
13 }——0u. oder opendrain
.___q/o?f‘_flh"!‘."ii_ 14 5 Ausgang S Ausgangsstufen )
J I 6800p
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Variationsmoglichkeiten des SM 750

Neben der ROM-Belegung kénnen bei
der Maskenprogrammierung noch fol-
gende Wiinsche der Anwender beriick-
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, 9 (7), 17 (13) und 25 (19)
mdglich. Die Zahlen in Klammern gelten
fir ¥-Takt-Rhythmen. Die Linge des
Down Beat Signals ist ebenfalls wihi-
bar. ZweckmiBigerweise wird es bei
einer Zwei-Takt-Belegung zwei Elemen-
tarzeiten und bei einer Vier-Takt-Bele-
gung eine Elementarzeit fang sein.

Das rhythmusspezifische Tempo wird
bei der Maskenprogrammierung eben-
falls berlicksichtigt. Als Grundlage dient
der Rhythmus mit dem langsamsten
Tempo. Seine Taktzahl/Minute fiilit den
7-Bit Zahler (128 Stufen) voll aus. Die
restlichen 5 Rhythmen mit schnellerem
Tempo werden dann so auskodiert, daB
in keinem Fall die Solt-Taktzahl um mehr
als einem halben Takt/Minute abweicht.

Die Ausgangsstufen der Trigger-Aus-
gange flir die Begleitinstrumente wer-
den in der Regel als open drain Stufen
mit positivem Trigger Impuls (H-Signal)
ausgefiihrt. Davon abweichend sind
auch negative Trigger Impulse (L-Signal)
bzw. Push-pull Stufen méglich. In der
nachfolgenden Leertabelle fir die Pro-
grammierung des SM 750 steht unter
der Rubrik Ausgangsart

OD fiir open drain,

PP fiir Push-pull.

+ fur H-Triggersignal und
- far L-Triggersignal.

Programmierung des SM 750

Auf Seite 8 befindet sich eine Leer-
tabelle, in die alle Informationen, die
SIEMENS zum Anfertigen einer kunden-
spezifischen Maske benétigt, eingetra-
gen werden kénnen.

Vor Erstellen einer kundenspezifischen
Maske wird ein Auftrag iiber eine zu ver-
einbarende Mindestabnahmemenge
(GréBenordnung 10.000 Stck) vorausge-
setzt.

Beschreibung der Ein- und Ausgiange

Reset: Durch kurzzeitiges Offenlassen
(Taster) dieses Eingangs wird er intern
liber einen pull up-Widerstand an Upp
gelegt. Dabei werden alle Zahlerstufen
in die Ausgangsstellung (= Elementar-
zeit 1) zuriickgesetzt. Gleichzeitig wird
ein Down-Beat-Signal erzeugt. Anson-
sten ist der Reset Eingang mit Usg zu
verbinden.

Tempokontrolleist der Eingang des inte-
grierten Tempo-Oszillators, der mit ei-
nem RC-Glied zu beschalten ist. Durch
Variieren des Widerstands kann die
Ostzillatorfrequenz in einem Bereich von
500 Hz bis 5,5 kHz verindert werden.
Siehe Anwendungsschaltung auf Seite 3.

Rhythmus-Eingédnge 1 bis 6: Durch Ver-
binden mit Uggs wird der jeweilige Rhyth-
mus gewahlt. Gleichzeitig kdnnen auch
mehrere Eingdnge an Ugg gelegtwerden.
Die zugehdrigen Rhythmen werden
dann zueinander addiert. Die Eingénge
der nicht gewiahlten Rhythmen werden
nicht beschaltet. Ist kein Rhythmus ge-
wahlt, so steht der SM 750 in Riicksetz-
stellung (= Elementarzeit 1, Down Beat
LED leuchtet).

Triggerausgéange firlnstrumente1bis 5:
Andiesen Ausgangen erscheinen in zeit-
licher Aufeinanderfolge die Impuls-
muster zum Aktivieren der jeweils ange-
schlossenen Begleitinstrumente.

Down-Beat Ausgang dient zur Anzeige
des Tempos mittels einer LED. Zu Be-
ginn eines jeden Z&hlzyklus oder Taktes
erscheint ein H-Signal.

Upp, Uss sind die Anschliisse fiir die
Speisespannung

AnschluBbelegung

AnschiuB Nr. | AnschluBbezeichnung
1 Reset
2 Tempo Kontrolle
3 Down Beat Ausgang
6 Rhythmus 1
7 ‘Rhythmus 2
8 Rhythmus 3
9 Trigger — Ausgang 1
10 Trigger — Ausgang 2
11 Trigger — Ausgang 3
12 Trigger — Ausgang 4
13 Trigger — Ausgang 5
14 Rhythmus 6
15 Rhythmus §
16 Rhythmus 4
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Standardbelegung

Rhythmus Bezeichnung L?:erl Begleitinstrument Bezeichnung fusgangsart
Rhythmus 1: Samba 23 OB|PP| + | -
Rhythmus 2: Rock 35 Ausgang 1: Bass X| X
Rhythmus 3: Bossa Nova 37 Ausgang 2:  Akkord X X
| Rhythmus &: Swing L3 Ausgang 3: Bass Trommel X X
Rhythmus S: Slow-Rock Lo Ausgang 4. Kleine Trommet / Holz weon, | X X
Rhythmus 6: Walzer 59 Ausgang S:  Becken Coetid\ . X X
_Elementurzeit Nr. 119(7) [17013) | 25019) Daver des Down-Beat Signals
Down Beat Signal (Beginn) |X X in Elementarzeiten: 2
Elementar - Rhythmus 1 Rhythmus 2 Rhythmus 3 Rhythmus & Rhythmus S Rhythmus 6
Zeit Nr. Ausgang Nr. | Ausgang Nr | Ausgang Nr. | Ausgang Nr. Ausgang Nr. Ausgang Nr
(Zahlerstand) [V (23 |4 S|V 23 6yS|r 23 (&S| v)2(3(4S|17213(415]172131¢4]5

! XX XIXIXIX] IXIXIXXIXAX XX XXX XX XX
2
3 XX X X| X X X
L XXX
|5 XX X X[X] |X X X X X[ [X[X
6 X
7 XX [ X|X] |X XIXIXIX XX X [X] (XX
8
9 X|X XIX] XXX X[ X X X| [X] [X]X
10 X[ XX
n XX X| |X X X|X| _|X
12 X X
13 X X XX XIXIXIXIX] [XIXIX[X] (XX [X] [X
14
15 X XX XIX| |X X X X
16 X XXX
v X|X XXX X[ [X[X] [X] X X X IX] XX
18 X ),
|9 X|X| |X]X X[ X XXX (X (XXX
20
2 X XX XX X X X[ XX
22 - X[ X|[X
|23 XIX] [XIX]IXEX] X XXX XIX] [X
2 X
5 |X XIX| X XX [X| [X
26 RAUEDAR! .
— XXX XXX INC TS _
4 X | N V4
R X X XX X N _/§
30
3 X|_IX]X IXIX] X /_\\ A 11
32 X | 171 ¢/




'Gre;;;déten
(Alle Spannungen sind auf Ugss = OV bezogen)

Eingangsspannung

Speisespannung

Ausgangsstrom fiir Down Beat

(AnschluB 3)

Ausgangsstrom fiir Instrumentenausginge
Umgebungstemperatur

Lagertemperatur

Gesamtverlustleistung

Verlustleistung je Ausgang

Kenndaten (T, = 0... 70°C)
(Alle Spannungen sind auf Uss = OV bezogen)

Speisespannung
Speisestrom

Tempo Kontroll- -Eingang

Prozentuelle Veranderung des max. Tempos in Abhingigkeit von der Speisespannungs- und Temperaturdnderung

Tempo Oszillatorfrequenz
Max. Tempo-Verinderung
Max. Tempo-Veranderung

Reset-Eingang
H-Eingangsspannung
L-Eingangsspannung
H-Impulsbreite

H-L Ubergangszeit
L-H Ubergangszeit

Rhythmus-Einginge 1-6
H-Eingangsspannung
L-Eingangsspannung

Ausgange 1-5

DOpen Drain Ausfiihrung
H-Ausgangsspannung
L-Ausgangsspannung
Widerstand nach Ugg
(Ausgang im H-Zustand)
Ausgangsleckstrom

Push Pull Ausfithrung
H- Ausgangsspannung
L- Ausgangsspannung
Widerstand nach Uss
(Ausgang im H- -Zustand)
Ausgangsleckstrom

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

Wldersland nach Ugg

Aucons .

untere obere
Grenze | Grenze | Einheit
B A
UIM _18 +0,3 V
UDD “18 +0,3 V
1a 20 mA
I, 3 mA
Ty 0 70 °C
T, ~55 125 °C
Prot 100 mw
Py 10 mw
untere obere
Prufbedingung Grenze B| typ. Grenze A| Einheit
Uoo ' -18 -10 Vv
Iop Upp = -18V 5 mA
I5 (AnschluB 3) =
f Siehe Priifschaltung 1 0,5 1,5 55 kHz
Upp von =10 V auf -18 vV 5 %
T von 25°C auf 70°C 5 %
A = Kohleschichtwiderstand
C = Styroflexkondensator
U -0.8 Uss \
U”_ UDD —4,1 V
twr 5 us
bre 0,5 us
iy 0,7 1s
UlH _0,8 Uss~ V
Ur Ubo —4,1 v
Uan Siehe Priifschaltung 2 -0,3 Uss \
Ual Siehe Priifschaltung 2 Upp Upp+35 | V
Ron R.= 10 kQ nach Upp 250 Q
IO.L UQL = UDD _10 }LA
Uan Siehe Prifschaltung 3 -0,3 Usg Y
UaL Siehe Priifschaltung 4 Uoo Upp +35 | V
RIN IOH = -1 mA 500 Q
Un = Uan
la Ua, = Upp -10 pA
Uay Siehe Priifschaltung 5 ~-0,6 Usgs \
UqL Siehe Priifschaltung 6 Upo Upp +1 \Y
RIN L UA USS _5 V 300 kQ
UDD - "10 V
RIN H UA . USS —0,5 V 500 Q




Priifschaltungen

Priifschaltung 1:
0,024 S R 1,02 (MQ)
C = 6800 pF
0,5=1=5,5 (kHz)

Priifschaltung 2:

Upp 1 j T T Up
Tempo- l I [ =
Kontrolle & ’ L l H R =10k
% _{ Triggerausgang
— _ |
T e ll }_—-_-___ .—i'] | == [Lu\nl = 200pF UA
Ugs — I =10 ] ! a YUss
extern intern L intern | extern
Priifschaltung 3: Priifschaltung 4:
! | il Yoo “ —— Up
. 1 Triggerausgang J '
— | . |
L otmax = - 0.5mA I !
? -— Triggerausgang '
‘ | [
PI __k I ._J._ Cimax = 200 pF Ugy _*!, I == (o, = 200pF Y,
| !
e i I i USS i il Uss
intern extern |

intern extern

J B 'l - Yoo
—] ] R 10kQ
! j% | Do Beat Ausgang
— ' €y pae = 200pF Ugy
|
intern extern

[ p

riifschaltung 6:

Down Beat Ausgang

C_ =200pF

l




Leertabelle

Rhythmus Bezeichnung

Takte/
Minute

Rhythmus

Begleitinétrument Bezeichnung

Ausgangsart
0D|PP| + | -

Rhythmus

Ausgang 1:

Ausgang 2:

1
2
Rhythmus 3:
Rhythmus &

Ausgang 3:

Rhythmus S:

Ausgang 4:

Rhythmus 6:

Ausgang 5:

Elementarzeit

Nr.

1(91(7)

17013) | 25(19)

Down Beat Signal (Beginn )

Dauer des Down-Beat Signals
in Elementarzeiten:

Elementar -

Rhythmus 1

Rhythmus 2

Rhythmus 3

Rhythmus &

Rhythmus 5

Rhythmus 6

zeit Nr
{Zahlerstand) 1

Ausgang Nr.
213|455

Ausgang Nr.
112 ]3]4

511]2]3]4]s

Ausgang Nr.

Ausgang Nr.
2[3|L4]5

Ausgang Nr
1[2]3]4]5

1

Ausgang Nr,
203415
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g XR-2242

il Long-Range Timer
GENERAL DESCRIPTION

. The XR-2242 is a monolithic Timer/Controller capable of producing ultra-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)? 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 1 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 §.

In monostable timer applications, the output terminal (pin 3)is connected back to the reset terminal. 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 ABSOLUTE MAXIMUM RATINGS

Timing from micro-seconds to days Power Supply = 18 volts

Wide supply range: 4.5V to 15V Power Dissipation (package limitation)

TTL and DTL compatible outputs Cerar'mc package 385 mW

High accuracy: 0.5% Plastic Package R 300 mow
: ey Derate above +25°C 2.5 mW/°C

Excellent Supply Rejection: 0.2%/V
Monostable and Astable Operation

Temperature Range

Operating o o

XR-2242M -55 gto +l25°C

XR-2242C 9 Cto +75°C

APPLICATIONS Storage ~65 Cto+150°C

Long Delay Generation AVAILABLE TYPES

Seqlfe.ntial jl'ir'ning Part Number Package Operating Temperature
Srl‘;’c‘f'f" T’F"“"g Oscillat XR-2242M Ceramic ~55°C to + 125°C
ra-bow Frequency Usclllator XR-2242CN Ceramic 07Cto +75°C
XR-2242CP Plastic 0 Cto+75° C

SIMPLIFIED SCHEMATIC DIAGRAM

FUNCTIONAL BLOCK DIAGRAM

TIME dast

S

1 R 1 8 I ouTPUT
2 [
CONTAOL £
+2 = +2 22 ;
rogic outeyt E-—* - I o I I :CMIN('
I 7 :
s 2 l <]
RESET Ou,m'l 3 p=— = =1 6 | TmiGeEr
S .
TRIGQER

GROUND E l

CONTROL
FLIP FLOP

be{ 5 | ROSET

ouTPUTS
- CONTROL
L TIME I BINARY FLIP-FLOP |
i | COUNTER |
OSCILLATOR
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ELECTRICAL CHARACTERISTICS

Test Conditions: See Figure 3, V+ = 5V, TA=25°C,R =

10 k2, C = 0.1 uF, unless otherwise noted.

XR-2242M XR-2242C
PARAMETERS - UNIT CONDITIONS
MIN [ Typ [MaX [ MIN [TvP | wmax
GENERAL CHARACTERISTICS
Supply Voltage 4 15 4 15 v
Supply Current 3.5 6 4 7 mA Vt=5v, VTR =0,VRg =5V
Total Circuit 12 16 13 18 [ mA V¥=15V, VTR =0, VRg = 5V
TIME BASE SECTION See Figure 3
Timing Accuracy * 0.5 2.0 0.5 S % VRS =0, VTR =5V
Temperature Drift 150 300 200 ppm/°C | V¥=5vV 0°C<T<75°C
80 80 ppm/°C | V=5V
Supply Drift 0.05 0.2 0.08 0.3 [%/V v+2>8 Volts
Max Frequency 100 130 130 kHz R=1kQ, C=0.007 uF
Recommended Range i See Figure §
of Timing Components
Timing Resistor, R 0.00! 10 0.001 5 MS2
Timing Capacitor, C 0.007 1000 0.01 1000 uF Low-Leakage Capacitor Required.
TRIGGER/RESET CONTROLS
Trigger Measured at Pin 6, VRg =0
Trigger Threshold 1.4 2.0 1.4 2.0 \%
Trigger Current 8 10 HA VRS =0,VTR =2V
Impedance 25 25 k2
Response Time ** 1 1 Usec
Reset Measured at Pin 5, VTR =0
Reset Threshold 1.4 2.0 1.4 2.0 v
Reset Current 8 10 UA VTR =0,VRs =2V
Impedance 25 25 k2
Response Time ** 0.8 0.8 usec
COUNTER SECTION See Figure 4, V+ = 5V
Max. Toggle Rate 0.5 1.0 1.0 MHz VRS =0,VTR =5V
Input:
Impedance 20 20 k2
Threshold 1.0 1.4 1.0 1.4 v
Output: Measured at Pins 2 and 3
Rise Time 180 180 nsec. Rp =3KQ,Cr =10 pF
Fall Time 180 180 nsec.
Sink Current 3 5 2 4 mA VoL L£04V
Leakage Current 0.01 8 0.01 15 uA VOH L ISV

*Timing error solely introduced by XR-2242, measured as 7% of ideal time-base period of T = 1.00 RC.
**Propagation delay from application of trigger (or reset) input to corresponding state change in first stage counter output at pin 2.

BINARY
COUNTER

XR 2242

LI FLOM

ICONTROL
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Figure 4. Test for Counter Section
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Time-Base Period, T

DESCRIPTION OF CIRCUIT CONTROLS
COUNTER OUTPUTS (PINS 2 AND 3)

The binary counter outputs are buffered “open-collector” type
stages, as shown in Figure 1. Each output is capable of sinking
=~ 5 mA of load current. At reset condition, all the counter out-
puts are at high or non-conducting state. Subséquent to a
trigger input, the outputs change state in accordance with the
timing diagram of Figure 7.

L
s

‘! 128 RC [
{ Mg

| COUNTER
Figure 7. Timing Diagram of Qutput Waveforms

TRIGGER
INPUT
{PIN 6}

TIME BASE
OUTPUT
(PIN B)

FIRST STAGE
OuUTPUT
(PIN 2)

,*_ t QUTPUT

(PIN 3}

Basic circuit connection for timing applications is shown in
Figure 8. Subsequent to a positive trigger pulse applied to pin
6, the timing output at pin 3 goesto a “low” state and will stay
low for a total time duration T, = 128 RC, where R and C are
the timing components connected to pin 7. If the switch S, is
open, then the output at pin 3 would alternately change state
every Tq interval of time, and the circuit would operate in its
“astable” mode. If the switch 8, is closed, the circuit will reset
itself and complete its timing cycle after a time interval of T,
when the output at pin 3 goes to a “high" state. This corres-
ponds to the “monostable” mode of operation.

—

]
— 3 s
w w ¢
>—-.~—_E 4 2 ’
10K > .
Tz
a2 =
1ok - 58
1 s}————(] JUirwiceen
o——
f
nhdak : .
U _L ] E L) HESET
outPuT = - R
o« 128 AC

Figure 8. Circuit Connection for Timing Applications (Switch S,
Open for Astable Operations, Closed for Monostable Opera tions)

RESET AND TRIGGER INPUTS (PINS 5 AND 6)

The circuit is reset or triggered with positive-going control
pulses applied to pins § and 6, The threshold level for these
controls is approximately two diode drops (= 1.4V) above
ground.

Minimum pulse widths for reset and trigger inputs, minimum
trigger delay time and minimum re-trigger delay time are shown
in Figures 9 and 10. Once triggered, the circuit is immune to
additional trigger inputs until the end of the timing cycle.

Note: In noisy operating environment, 0.01 uF capacitors to
ground are recommended from reset and trigger terminals.
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TAIGGER OR NESET AMPLITUDE (VOL TS} TIMING CAPACITON, € F)

Figure 9. Minimum Trigger and Re-

Figure 10. Trigger and Retrigger
set Pulse Widths at Pins § and 6

Delay Time

(A) Minimum Trigger Delay Time
Subsequent to Application of Power
(B) Minimum Re-trigger Time,
Subsequent to a Reset Input

When power is applied with no trigger or reset inputs, the cir-
cuit reverts to “reset” state. Once triggered, the circuit is
immune to additional trigger inputs, until the timing cycle is
completed or a reset input is applied. If both the reset and the
trigger controls are activated simultaneously, trigger overrides
reset,

TIMING TERMINAL (PIN7)

The time-base period T is determined.by the external R-C net-
work connected to this pin. When the time-base is triggered,

the waveform at pin 7 is an exponential ramp with a period
T=1.0 RC. '

TIME-BASE OUTPUT (PIN 8)

~Time-base output is an open-collector type stage, as shown in

Figure | and requires a 20 KQ pull-up resistor to Pin 1 (vh
for proper operation of the circuit. At reset state, the time-
base output is at “high™ state. Subsequent to triggering, it
produces a negative-going pulse train with a period T = RC, as
shown in the diagram of Figure 7.

Time-base output is internally connected to the binary counter
section and also serves as the input for the external clock signal
when the circuit is operated with an external time-base,

The counter input triggers on the negative-going edge of the
timing or clock pulses appearing at pin 8. The trigger threshold
for the counter section is ~ +1.5 volts. The counter section
can be disabled by clamping the voltage level at pin 8 to
ground.
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APPLICATIONS INFORMATION

Note: Under certain operating conditions such as high supply
voltages (V* > 7V} and small values of timing capacitor
(C < 0.1 uF) the pulse-width of the time-base output at pin 8
may be too narrow to trigger the counter section. This can be
corrected by connecting a 500 pF capacitor from pin 8 to
ground.

PRECISION TIMING (Monostable Operation)

In precision timing applications, the XR-2242 is used in its
monostable or *'self-resetting” mode. The circuit connection
for this application isshown in Figure 8, with switch S, closed.

ASTABLE OPERATION

The XR-2242 can be operated in its astable or free-running
mode by disconnecting the reset terminal (pin §) from the
counter output (pin 3). Two typical circuit connections for
this mode of operation are shown in Figures 11 and 12. In the
circuit connection of Figure 11, the circuit operates in its free-
running mode, with external trigger and reset signals. It will
start counting and timing subsequent to a trigger input until an
external reset pulse is applied. Upon application of a positive-
going reset signal to pin §, the circuit reverts back to its rest
state. The circuit of Figure 11 is essentially the same as that of
Figure 8, with the feedback switch S; open.

The circuit of Figure 12 is designed for continuous operation.
The circuit self-triggering automatically when the power supply
is turned on, and continues to operate in its free-running mode
indefinitely.

Figure 11. Astable Operation with  Figure 12. Free-running Operation
External Trigger and Reset Con-  Self-Triggered When Power Supply
trols. is Turned ON.

OPERATION WITH EXTERNAL CLOCK

The XR-2242 can be operated with an external clock or time-
base, by disabling the internal time-base oscillator and applying
the external clock input to pin 8. The internal time-base can
be de-activated by connecting a 1 K{2 resistor from pin 7 to
ground. The counters are triggered on the negative-going edges
of the external clock pulse. For proper operation, a minimum
clock pulse amplitude of 3 volts is required. Minimum external
clock pulse width must be > | uS.
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CASCADED OPERATION:
a) Ultra-Long Delay Generation:
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Figure 13. Cascaded Operation of Two XR-2242 Timer Circuits.

Ultra-long time dglays, 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 1, 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 1 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 1 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 1 K§2 resistor. The reset and trigger terminals
of both units are connected together for common controls.

If an additional XR-2242 were cascaded with Unit 2 of Figure
13, the total available time delay can be extended to (1.065)
(10%) RC. With an external RC = 0.1sec, this would corre-
spond to a time delay of 3.4 years.

b) Sequential Timing:
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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 first timer, subse-
quent to the completion of its timing cycle. Thus, the triggering
of Unit 2 is delayed by a time interval, T, (= 128 R, C,) cor-
responding to the timing cycle of Unit 1.

The output of Unit 2, which is normally at “high" state will
stay high for a duration of T, =128 R;C,, subsequent to the
application of a trigger pulse; then go to a low state for a dura-
tion of T, =128 R,C, corresponding to the timing interval of
Unit 2; and finally revert back to its rest state after the comple-
of the entire timing sequence.




