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ABSTRACT

This thesis is arranged from crating FREQUENCY COUNTER
100 MHz . The sbility of this FREQUENCY COUNTER is able to
measure frequency from 0-100 MHz display by LED'7 segments B digits.

The purpose of develop FREQUENCY COUNTER for messuring
high frequency, this equipment 1is convenience for signaling
snalysis, also can compare the frequencies and determine the time
period of signal. lt's very useful for solve the digital circuit,
monostable and astable multivibrator. Which sometime pulse period

or timing is necessery. Using this equipment is more accuracy

than calculate by R.C. .
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{ Counter System f’

et e a ST ICH7228ADrIanommon Anode LED's
LR ICM72288 Drivu Common Cathode I.ED'

LRY anme v x  GENERAL DESCRIPTION® ¥ =~ 7
F."""°“°"' asalr e'fluem:y couhlél:. ;)erlod counter, The ICM7226 Is a tully integrated Universal Counter and LED °

,; unllcounter, frequency ratio coumeror llme interval . display driver. It combines a high frequency osciltator, a
r. counter ; - . - decade timebase counler, an 8 decade data counler and_

2d o

;. latches, a 7 segment decoder, digit multiplexer and 8
Oulpu( drlvers directly drlve bolh dlglls and " o Segment and 8 digit drivers which can directly drive lnrqe‘ .
is segments of targe 8 digit LED displays. Both' .‘ LED 'displays,’ The counter ‘lnputs accept a’maximum’

frequency of’ 10MHz in frequency and unit counter modas -
{% csm:‘;g ’2°9° and common calhode versions are _" and'2MHz in the other modes. Both inputs are digital inputs. *

. DA I RS . > In many applications, amplification and level shifting will be -~
Méa;u:es hequencles from’ DC to 10 MHz - . © ~required 10 obtain proper d_igita'l signals (dr these inputs:’. ¢,
: ot The ICM7226 can function as a frequency, counter, pariod , ¥

.1« counter, frequency ratio (fa/fa) counter, time interval counteri i, .
; fom e o -.... Or asatotalizing counter, The countmuseseltheraﬂOMHzo'f
Stabla hlg h'frequency oscil ator. uses eilhef +es e, 1MHz crystal timebase. An external timebase input is als 3.
% 1MHz or 10MHz cryslal s :*,. S ¥ provided. For.period and time interval, the 10MHz umabase %
r«-- Lol M0 S = E - gives a 0.1usec resolution. In period average and tim
COMI' ol signals avallable for, 93"09 of prescalers interval average; the esolution can be in_the nanosecond
»ﬁand pfescqler display loglc e .. fange.Inthe trequency mode, the user can select accurnula
l‘,,q., R Y e C M ) " tion time of .01 sec,. 1 sec, 1 sec and 10 sec. With a 10 sec‘s“
o Mulﬂplexed'BCD °U1P“"u y 5 accumurauoq timé, the_ lrequency can be_ dlsplayed'lo a; a.‘

!&V-ﬁ‘h Lg"d

Ve

i Leadmg s zer . blanklng has' been y ULy
e lrequency dispiayed in, KHz and tlme in usec. The dlsplay Is ?ﬁ B
R multiplexed ata 500Hz rate with'a 12.5% duly cycla fof eachik 3
3§ digll The ICM7226A is de:lgnad for comuan ranode d splay"é
with typical ‘peak segment currents of 25mA. The |[CM72268 :,.J‘
is deslgnod for cormmon cathode. dlaplays with: typ:cal ';c"’
5§ segiment currents of 12mA. In the display off mode both dlqn
N dnvers & segment drivers are tumad ou gllowing the displa

bt
Ba.7

ORDERING -~ -

INFORMATION .3

Componenl:-mw- fos s il
ICM7226A 10L (Com- © ‘f»ﬁmrﬂ

mon, > anode . driver, - R
~10:470°¢G
"Operaung tempera-
ture: range, 40 pin
ceramic DIP)-%-- -

® ICM7226B IPL (Com— '
"Z"Tnon ‘cathade driver,’
-E-20°C to +70°C."
" Operating™> lempéra—.
...ture tangé; 40 pin’-
v plasucDIFi’ I

Evaiuation Kii:*
*ICH7226, EV/KIT "
1, See page G (avalhuble
% Nov, 1978 %7
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Maximum Supply Voltage (V*-V=) ... ... ..ooiiiininnnnnnnn i, S, 6.5volts

Maximum Digit Output Current ..........co0'uenss [ veas .. 400mA

-Maximum Segment Output Current .......... E N seeeere., BOMA

v Voltage on any Input or Output Terminai(Note 2) :.............. Nottooxceed AR "

by miore than £0.3 volts,

Maximum Storage Temperature Range ...,

1 -
! Maximum Power Dissipationat ..................... Cereeanas 1.0 walts ICM7226A) .
A L T 0.5 watlsICM7226B) -
i Maximum Operating Femperatufe Range .. e -20°Clo+70°C
s . =65°Clo+126°C

Absolute maximum ratings refer to values that if exceeded may destroy or permanently change the device. The device is Quaranteed for
continous operation only under the conditions defined under the section TYPICAL OPERATING CHARACTERISTICS.

Note 1: The ICM7226 may be triggered into a destructive latchup mode if either input signals are applied before the power supply isappliad or it

'

input or outputs are lorced to voltages exceeding V™-V™ by more than 0.3 voils,

[

iy ELECTRICAL CHARACTERISTICS v--v~ = 5.0V, Test Circuit, Ta = 25°C, unless otherwise specified. - -
': PARAMETER SYMBOL| CONDITION - 'l MIN TYP :| MAX |UNITS
N Operating Supply lopo | Display Off * Ca
! Current Unused inputs to V™ 2 5 mA
!i,{ Supply Vollage Range -20°C < Ta < 70°C
}ﬂ Input A, Input B 475 60 | voits * -
‘i ) Frequency at Fuax -
t Maximum Guaranteed
K Frequency Famax |-20°C < Tp < 70°C ! " ,
Input A, Pip 40 4,75V < V'~¥~ < 6.0V Figure 1 W'y
) Function = Frequency, )
! Ratio, Unit Counter 10 14 MHz
b Function = Period, Tinte Intervat ~.| 2.5 MHz
Maximum Frequency Famax [-20°C < Ta < 70°C
Input B8, Pin 2 475V < V' -V~ < 6.0V 2.5 MH2
Figure 2
Minimum Separation -20°C < Ta<70°C
Input A to Input B 475V < V' -V" < 6,0V . 250 nsec
Time Intervdl Function Figure 3
Maximum osc. freq. and ext. osc. -20°C < Ta < 70°C
freq. 475V < V' -V~ < 6.0V 10 MHz
" Minimum ext. osc. freq. . 100 kH2
. Oscillator Transconductance gm  |V' -VT =475V 2000 k1S
B Ta = +70°C
. Muttiplex Frequency FMAX  Mose = 10 MHz 500 Hz
Time Between Measurements fosc = 10 MHz 200 |- msec
0 ne INPUY A
weora Y T webavaL -
0¥ yns - L= k= (0nees ) weut 8 230 ne MIN o 200 a0 MIN
=™\ oo loneme
Figure 1: Wavetorm for Guaranteed Minimum Famax Function = I
; Frequency, Frequency Ralio, Unit Counter. Figure 3: Wavelorm lor Minimum Time Between Transitions of
input A and Input 8. . e
Channel A going nagative starts the time interval counte;-.
Channe! B stops the counter. Channei A must then go
opura v negative aftor B goes negative to complete the measurement
o INPUT B X1}

& a6~ t0nsec

Flgure 2: Wavelorm for Guaranteed Minimum Famax and Famax for
Function = Period and Time interval,

L

cycle. On repetitious signals this occurs automatically. On
“one-shot” time interval measurements, external provisions
must be made to accomodate the above described
procedure. . - .



ELECTRICAL CHARACTERISTICS = V' ~V"

" = 5.0V, test circuit, Ta = 25°C, uniess otherwise specified.

PARAMETER SYMBOL|CONDITION MIN TYP MAX [UNITS
INPUT VOLTAGES
PINS 2,19,33,39,40 .
input low voltage viL -20°C < Ta < +70°C 1.0 A
input high voitage Vir Referred 1oV~ 3.5 \
PIN 3¢ INPUT LEAKAGE I .10 phA
PIN 33 .
input low voitage viL -20°C < Ta<70°C 8 v
input high voltage Virt Referred to V™ 2.0 \i
inpul resistance to V" '
PINS 19,33 R Vi =V ~1.0V 100 400 k{2
Input resistance to v~
PIN 31 R Vin = V™ +1.0V 100 400 kN
Output Current
PINS 3,5,6.7,17,18,32,38 foL VoL = V™ +0.4V .36 mA
PINS 5,6.7,17,18.32 lon Vou = V7 +0.4V 100 uh
PINS 3,38 los ~ |Vor =V" -8V 265 nA
ICM7226A
DIGIT DRIVER
PINS 22,23,24,26,27,28,29,30
high output current lon  |Vouwr =V -2.0V 170 200 mA
low output current lov Vout = V™ +1.0V -3 mA
SEGMENT DRIVER
PINS 8,9,10.11,13.14.15.16
low output current lo. Vo=V +15 25 35 mA
high output current lon  |Vout =V' -1.0V 100 © uA
MULTIPLEX INPUTS
. PINS 1,4,20,21 .
input low voltage Vio 8 v
input high voltage Vin Relerred to V™ 2.0 N
Input Resistance 10 V- R ViN =V 1.0V 100 200 k{1
ICM72268 \
DIGIT DARIVER
PINS 8,9.10.1 1,13,14,15,16
fow output current loL Vout = V™ +1.0V 50 ‘75 mA
high output current oM Vou = V" ~2.5V 100 uA
SEGMENT DRIVER
PINS 22,23,24,26,27,28,29,30
high output current lon  |Vout = V' -2.0V 10 15 mA
leakage current i Vout = V™ 10 pA
MULTIPLEX INPUTS
PINS 1,4,20,21
input low voltage Vi V' =20 V
input high voltage ViH V' -8 \
input resistance to V' R Vin =V -1.0V 200 360 kN

EVALUATION KIT

An evaluation kit Is available for the ICM722
universal frequency/period counter based O
nave the ICM7226 “up-and<running” in less |
quariz crystal, eight each 7-segment .3" leds,
Orderning information for the kit is given on page 1.

nan an Rour. Specitically,
PC board, resistors, capacitors,

6. It includas all the components necessary 10 assemble and evaivale a
n the ICM7226. With the help ot this kit, an engineer or technician can
the kit contains an ICM7226AIDL, a 10MHz
diodes. switches and 1C socket.
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APPLICATION NOTES

GENERAL

Inputs A & B -

The signal to be measured is input at Input A in Frequency,
Period, Unit Counter, Frequency Ratio and Time Interval
modes. The other input signal to be measured is input at
Input B in Frequency Ratio and Time Interval. In Frequency
Ratio Fa shiould be larger than Fg.

Both inputs are digital Inputs with a"typical switching
threshold of 2.0V at V* = 5.0V. For optimum performance
the peak to peak input signal should be atleast 50% of the
supply voltage and centered about the switching voltage.
When these inputs are being driven {from TTL logic, it s
desirable to use a pullup resistor. The circuit counts high
to low transitions at both inputs.

Notle: The amplitude of the input should not exceed the supply by
more than .3 volt otherwise, the circuil may be damaged.
Mulliplexed lnputs

The function, range, control and external decimal point
inputs are time multiplexed to select the input tunction
desired. This is achieved by connecting the appropriate
digit driver output to the inputs. The input function, range
and control inputs must be stable during the last halt of
each digit output, (typically 125 usec). The multiplex
inputs are active high for the common anode ICM7226A
and active low for the common cathode ICM72268.

Noise on the multiptex inputs can cause improper opera-
tion. This is particularly true when the unit counter mode
ol operation is selected, since changes in voliage on the
digit drivers can be capacitively coupled through the LED
diodes to the multiplex inputs. For maxirmum noise
immunity, a 10K resistor should be placed in series with
the muttiplex inputs as shown in the application notes.

Table 1 shows the tunctions selected by each digit for these
inputs.

, TABLE 1

FUNCTION DIGIT
FUNCTION INPUT Frequency Do
FIN 4 Penod o7

Frequency flatio [+1}

Time interval Da

Unit Counter D3

Oscitlator Frequency (o7]
RANGE INPUT .01 Sec/1 Cycle Do
PIN 21 .1 Sec/10 Cycles - Dy

1 Sec/100 Cycles D2

10 Sec/1k Cycles D3
External Range Input
PIN 31 Enabled Da
CONTROL INPUT Blank Display D3&Hold
PIN 1 Display Test Dy

1MHz Select Dy

External Oscillator Enable Do

*| External Decimal Point

Enable v .73

Test Da
EXTERNAL DECIMAL Dacimal Point is Output tor Saime Digh
POINT INPUT, PIN 20 That is Connecied to Tins Input

Control Input Functions
Display Test - All segments are enabled continuously,
giving a display of all 8's with decimal points. The display
will be bianked it Display Off is selecied at the same timo.

63

Display Off - To enable the Display Offt mode it is
niecessary to input D3 10 the contro! 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 Dis-
play Off mode, the segment and digit driver outputs are
open. During Display Off the oscillator continues to run
with a typical supply current of 1.5mA with a 10MHz
crystal and no measurements are made. In addition,
inputs to the muitiplexed inputs wilt have no effect. A new
measyrement is initiated when the HOLD input is
switched to V™

1MHz Select - The 1MH2 select mode allows use of a
1MHz crystal with the same digit muitiplex rate and time
between measurements as with a 10MHz crystal. The
decimal point is also shifted one digit to the right in
Period and Time Interval, since the least significant digit
will be In usecond increments rather than 0.1 usec
increments.

External Oscillator Enable - In this mode the external
oscillator input is used instead of the on chip oscillator
for the Timebase input and Main Counter input in Period
and Time interval modes. The on chip oscillator will
continue to function when the external oscillator is
selected, but will have no effect on circuit operation. The
external oscillator input frequency must be greater than
100KHz or the chip will reset itself to enable the on chip
oscillator. ’

External Decimal Point Enable - When external decimal
point is enabled a decimal point will be displayed when-
ever the digit driver connected 10 the external decimai
point is active, Leading Zero Blanking will be disabied for
all digits following the decimal point.

Test Mode - In the test mode the main counter is split inlo
groups of two digits gach and the groups are clocked in
parallel. The reference counter is split such that the
clock into the reterence count goes directly to the clock
of the third decade counter (10 sec/1k cycle range). Store
is also enabled so the count in the main counter is con-
tinuously output,

Range tnput - The range input selects whether the measure-
ment is made for 1, 10, 100, 1000 counts of the reference
counter or If the external range input determines the
measurement time. In all functional moades except Unit
Counter a change.in the range input will slop the measure-
ment in progress without updaling 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:
Freqyency. Period, Time Interval, Unit Counter, Frequency
Ratio and Oscillator Frequepcy.

These functions select which signal is counted into the main
counter and which signal is counted by the relerenca
counter as shown in Table 2. In Time lnterval a flip flop 15
toggled first by a 1 — 0 transition at Input A and then by a
1 - 0 transition at Input B. The oscillator is gated into the
Man Counter from the time input A toggles'the liip fiop until
Input B gates the flip flop. A change In the function input will
stop the measurement in progress without updating the
dwplay and then initiate a new measurement. This prevents
an crroneous first reading after the Function input is
changed. Il main counter overflows, an overfiow indication s
output on the decimal point output curing D7,




- B

TABLE 2 TABLE 3 Truth Table BCO Outputs %

REFERENCE o] c B ‘A

DESCRIPTION MAIN COUNTER COUNTER NUMBER PIN7 PIN 8 PIN 17 PIN 18
Frequency (Fa) Input A 100Hz (Oscillator + 0 0 0 0 L)
105 or 104) 3 Q 0 0 1
Pariod (Ta} Oscillator input A 2 9 0 1 0
Ratio (Fa/Fg) Input A input B 3 Q 0 1 1
Time Interval (A—~B |OscsTime Interval FF Time Interval FF 4 0 1 0 Q
Unit CountertCount A{input A Not Applicable 5 0 1 0 1
Osc. Freq. (Foscl Oscillator 100Hz 1Osc + 105 or 6 0 1 1 o
104 7 0 1 1 1
. . . 8 1 0 (] 0
External Decimal Point Input - when the external’decimal 9 1 0 0 1

point is selected this inputis active. Any of the digits, except
D7, can be connected to this point. D7 should not be used
since it will overide the overtiow outputand leading zeros will
rernain unblanked after the decimal point.

Hold input - Except in the Unit counter mode when the Hold
Input is at V*, any measurement in progress is stopped, the
main counter is reset and the chip is held ready to initiate a
new measurement. The latches which hold the main counter
data are not updated so the tast complete measurement is
displayed. In Umit counter mode when Hold Inputis atV* the
counter is stopped but not reset. When Holdischangedto V™
tpe count continues from where the counter stopped,

Reset Input - The Reset Input is the same as a Hold Input,
except the latches for the main counter are enabled,
resulting in an output of all zeros.

External Range Input - The External Range Input is used to
select different ranges than those provided on the chip.
Figure 4 shows the relationship between Measurement In
Progress and External Range Input.

AgreRence
COUNTER
€LocK
Tamoe i
. [
iR pHOTAESS
{
EXT AANGE '
INAUT i
A . o

—_—
Flgure 4: External Range Input 1o End of Measurement in Progress.

Measurement In Progress, Store and Reset Outputs - These
outputs are provided 10 enable display of prescaler digits. g
Figure 5 shows the relationship between these signals
-during the time between measurements. All three outputs
can drive a low power Schottky TTL load. The Measure-
ment In Progress Output can directly drivean ECL. load, if the
ECL device is powered from the same power supply as the
ICM7226.

e ieae e 190 10 200m 8]
MEASUREMENT
b PAOGAESS
. ‘~—+ 40my
A

STOHT . l

070 ¢ lo—-—-f— ame
RESET l |

ot 40 me

- ——— e vt
Figure 5: Reset, Siore, and Measurement in Frog:ess Qutputs
Between Measurements,

BCD Outputs - The BCD representation of each dgigit output
1S output on the BCD outputs. Leading zero blanking of the
display has no effect on the BCD output. Each BCD output
will drive one low,power Schottky TTL load. Table 3 shows
the truth table for the BCD outputs. )
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Buffered Oscillator Output - The Buifered Oscillator Output
has been provided to enable use of the on chip oscillator
signal without loading the oscillator itsels. This output will
drive one low power Schottky TTL load. Care should be
taken to minimize capacitive loading on this pin.

DISPLAY CONSIDERATIONS

The display is multiplexed at a 500Hz rate with a digit time of
244 psec. An interdigit blanking time of 6 usec is used to
prevent ghosting between digits. The decimal point and
leading zero blanking have been implemented for right hand
decimal point displays. Any zeros following the decimal
point will not be blanked. Also, the ieading zero blanking will
be disabled if the Main Counter overilows, Tha decimal point
has been implemented to display frequency in KHz and time
in usec. -

The ICM7226A is designed to drive common anode LED
displays at peak current of 25mA/segment, using displays
with Vg = 1.8V at 25mA. The average DC current will be over
ImA under these conditions. The ICM72268 is designed to
drive common cathode displays at peak current of 15mA/
segment using adisplays with Vr = 1.8V at 15mA. Resistors
can be added in series with the segment drivers to limit the
disptay current in very etficient displays, it required. Figures
6. 7, 8 and 9 show the digit and segment currents as a
function of output voltage for common anode and common
cathode drivers,
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To increase the light output from the displays. V* may be
increased up to 6.0V, howaver, care should be laken to see
that maximum power and current ratings are not exceeded.

The segment and digit outputs in both the 7226A and 8 are
not directly compatible with either TTL or CMOS logic.
Therefore, level shifting with discrete transistors may be
required 1o use these outputs as logic signals.

Segment ldentification

A

o
ll <

® 0P

o

ACCURACY
In a Universal Counter crystal dritt and quantization errors
cause errors. In Frequency, Period and Time Interval Modes,
a signal derived from the, oscillator is used in either the
Reference Counter or Main Counter. Theretore, in these
modes an error in the oscillator frequency will cause an
identical error in the measurement. For instance, an

osciliator tlemperature coefticient of 20ppm/® C will cause a
measurement error of 20ppm/°C.

In aadition, there is a quantization error inherent in any
digital measurement of : 1 count. Clearly this error is 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 obtajned with iow
Irequency inputs. As can be seen in Figure 10, the least
accuracy will be obtained at 10 KHz. In Time Interval meas-
urements there is a maximum error of 1 count per interval, As
a result there is the same inherent accuracy in all ranges as
shown in Figure 11. In Frequency Ratio measurement more
accuracy can be obtained by averaging over more cyclas of
input B as shown in Figure 12,
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Figure 10: Maximum Accuracy of Frequency and Period Measure-
ments Due 10 Limitations of Quantization Errors.
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CIRCUIT APPLICATIONS

The ICM7226 has been designed 1o be used as a complete
Universal Counter or with prescalers and other circuitry ina
variety of applications. Since Input A and Input B are digital
Inputs additional circuitry will be required in many appli-
cations for Input butlering, amplification, hysteresis, and
level shifting to obtain the required digital voltages. For
many applications an FET source follower can be used for
input buffering and an ECL 10116 line driver can be used for
amplification and hysteresis to obtsin a high impedance
Input, sensitivity and bandwidth. However, cost and com-
plexity of this circuitry can vary widely depending upon the
sensitivity and bandwidth required. When TTL prescalers or
input butfers are used, pull up resistors to V' should be used

o obtain optimal voltage swing at Inputs A and B.

If prescalers aren't required the ICM7226 can be used to
implement a minimum component Universal counter as
shown in figure 13. This circuit can be for input frequencies
up to 10MHz at Input A and 2MHz at tnput B.

For input frequencies up to 40 MHz the circult shown in
figure 14 can be used to implement a Frequency and Period
Counter. To obtain the correct value when measuring



frequency and period it is necessary to divide the 10MHz have the 7226 count the input directly in Period mode for

oscillator frequency down to 2.5MHz, In doing this the time maximum accuracy. Note that Input A comes from Q, rather
between measurements is also lengthened to 800 msec. and than Qp 1o obtain an input duty cycle of 40%. if an output
the display multiplex rate is decreased to 125 Hz, without a duty cycle near 50% must be used then it may be
If the input frequency is prescaled by ten then the oscillator n.ece_ssary lausea 7412.1 monostanle multivibrator or simitar
frequency can remain at 10 or 1MHz, but the decimal point c«{cynt to stretch .lhe input puise to guarantes a 50 nsec
must be moved. Figure 15 shows use of a +10 prescaler in minimum puise width,

frequency counter mode. Additional logic has been added to
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Figure 16 shows the yse of a CD4016 analog multiplexer to
Multiplex the digital outputs back o the Function input.
Since the CD4018 1s a digitally controlled analog
transmussion gate no level shifting of the digit output s
fequired. CO4051's or CD4052's coulg also be used to select
the proper 1nputg for the muitiplexed input on the ICM7226
trom 2 or 3 bit digitalinputs. These analog mulliplexers coutd

also be used in systems in which the mode of operation is
controlled by a microprocessor rather than directly from

front panel switches.
74251 could also be

TTL multiplexers such as the 74153 or
used, but some additionai cicuitry will

be required 10 convert the digit output to TTL compatible

logic levels.
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i the prescaler information needs to he displayed, then the
Maasurement in Progruss, &iore and Reset outputs from the
ICM7226 can be used to control the prescaler and data latch
as shown in figure 17, Note that the output of IC 7 has been
decoded with a NAND to obtain a 40% duty cycle for the
signat into input A.

circuitry to implement the Time Extarnal Mode as shown in
figure 18,

All of the circuits shown directly drive & muitiplexed LED
display. however, the BCD outputs can be used with external
BCD 10 7 segment decoders and appropriate level shifting to
drive other types of displays.

To obtain a full Universal Counter with prescalers with the
count displayed, it is necessary o add signilicantly more
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Figure 18: 9 Digit Universal ‘Counter

The circuit shown in figure 19 can be used in any of the
circuit applications shown to implement a single
measurement mode of operation. This cirsuit uses the Store
output to put the ICM7226 into a hold mode. The Hold input
can also be used to reduce the time between measurements.
The ciccuit shownin figure 20 puts a short pulse into the Hold
input a short time after Store goes low. A new rneasurement
will be Initlated at the end of the pulse on the Hold input, This
circuit reduces the time between measurements to iess than
40 msec from 200 msec. Use of the circuit shownin Figure 20
on the circurt shown in Figure 14 will reduce thé time be-
\ween measwéments from 800 msec. to 1600 msec.
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OSCILLATOR CONSIDERATIONS

The oscillator has been implemer;ted as a high gain
complementary FET inverter. An external resistor of 10M{} or
22M(1 should be connected between the osciilator input
and output to provide biasing. The oscillator is aesigned o
work with a parallel of resonance 10 MHz quartz crystal with
a static capacitance of 22pF and a series of less than a5
ohms. .

For a specific crystal ana load capacitance, the required gm
can be calculated as follows:

gm = w2 Cin Cout Rs (1+ %g) 2

CinCout

where Ci = (Cin+Coul)

Co = Crystal stalic capacitance

Rs = Crystal Series Resistarce

Cin = input Capacitance

Cout = Qutput Capacitance
w =2t

The required gm should exceed the gm specified for the
ICM7226 by at least 50% lo insure reliable startup. The
oscillator input and output pins each contribute about Spfio
‘Cin and Cout. For maximum trequency stabiiity, Cin-and

Cout should be approximately twice the specified crystal
static capacitance.

In cases where non decade prescalers are used it may be
desirable to use a crystal which is neither 10MHz. In that
case, both the multiplex rate and ume between measure-

ments will be difterent. The multipiex rate is fmax =2':1’& for

f N
10MHz mode and Imax = 523%; lor the TMHz mode. Tha time
between measurements is Z’l‘% in the 10MHz modge and

2x105in the 1MHz mode. The bulfered oscillatos output
should be used for an oscillator tast point or to drive
additional logic. This output will drive one low power
Schottky TTL load. When the buftered oscillator output is
used o drive CMOS or to drive the external oscillator input, a
10k(] resistor should be added from bullered oscullator
output to V°

The crystal and oscillator components should be iocated as
closa to 1o the chip as practical to minimize pickup from
other signals. In particular, coupling from the BuHered
Osclliator” Qutput and External Oscillator Input to the
oscillator output or input can Lause undesirable shilts in
oscilator frequency. To minimize this coupling, pins 34 and
37 should be connected to V° or V™ and these two signats
should be kept away from the oscillator circuit,
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typical performance characteristics
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LM78LXX series three terminal positive regulato;'s

general description

The LM7BLXX series of three terminal positive regu-
lators is available with several fixed output voltages
making them useful in a wide range of applications.
When used as a zener diode/resistor combination replace-
ment, the LM78LXX usually results in an effective
output impedance impravement of two orders of magni-
tude, and lower quiescent current. These regulators can
provide local on card regulation, eliminating the distri-
bution problems associated with single point regulation.
The voltages available allow the LM78LXX to be used in
logic systems, instrumentation, HIFI, and other solid
state electronic equipment. Although designed‘primarily
<as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents. X

The LM78LXX is available in the metal three lead
TO-5 (H) and the plastic TO-92 (Z). With adequate
heat sinking the regulator can deliver 100 mA output
current. Cutrent limiting is included to limit the peak
output current to a safe value. Safe area protection
for the output transistor is provided to timit internal
power dissipation. If internal power dissipation becomes

too high for the heat sinking provided, the thermal
shutdown circuit takes over preventing ths IC from
overheating.

teatures

® Qutput voltage tolerances of 5% (LM78LXXAC) and
£10% (LM78LXXC) over the temperature range

#" Qutput current of 100 mA

& Internal thermal overload protection

®  Cutput transistor safe ares protection

® |nternal short circuit current limit

® Available in plastic TO-92 and metal TO-39 low
profile packages

voltage range .

LM78BLOS &V LM73L12 12v
LM78L06 &6V LM78L15 15V
LM78L08 8V LmM78L18 18V
LM78L10 1oV LM78L24 24V

connection diagrams

Metal Can Package

ouTIUT
1 oo
) tcase)

SOTTOM VIlW

Order Numbers:
LM78BLOSACH LM78LO5CH
LM7BLOSACH LM78LO6CH
LM78L08ACH LM78LOBCH
LM78LI0ACH LM78L10CH
LM78L12ACH LM78L12CH
LM78L1BACH LM78L1SCH »
LM78L1BACH LM78L18CH
LM78124ACH LI478L24CH

Ses Package 8

Plastic Package

outeut . - Ll
1 / /

soriou vll"

Order Numbers:

LM73LOSACZ LM7BL05C2Z
LM?78LOBACE LM78L06C2
LM78LOBACE LM781L08C2
LM78L10ACZ LM78L10C2Z
LM78L12ACZ LM78L12C2
LM78L15AC2 LM78L16C2
LM78L18ACE tM7aL18C2
LM78L24AC2 LM78L24C2
Sae Peckage 38
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typical performance characteristics
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Dissipation (Plastic Package} Packagul Pezk Output Current
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equivalent circuit -
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typical applications
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typical applications (con‘t)
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5404,/7404 Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Low-Power TTL
Package R Package . Package 3 5 Package
Davice Type Device Type Device Type Device Type Device Type
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Pin Assignments (Top View)
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5486/ T486  Quadruple 2-lmput Exclusive-OR Gate
Schottky TTL Higth- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Packago Packago Package Package Pachage
Device Type Device Type Device Type Device Type Device Typa
P TR m[cH YPe TP MICH P CTPIMIcF HENE YPeICTR MG
TI SN54488 o W SNSILSh8 00 W | Shsas i VT SHBAL 46 TN
SN14S 48 37 [N T ENT4LS 88 TN ENT426 TN SNTA 8% 2N
fusast, furse >0 o [T op D] FM5a88/F MINss [O 1_5 F (DS
FAIRCHLD Tolea 10T CREH FEHSE  TORSH D 8o, |FCrase/FCINss  [0TIPC
MOTOROLA SN14LS86 P MC 7426 P 1
NSC DMS54L 586 P DMS4s8 TN W@ OMSaLas T Fa
C14 74586 it iy DML S86 P o DM7486 J QN DM74L 96 U (2| ﬁf-'
PHLIPS N14586 ' 1i14L 586 13 FIH271/1486 [
. SS48% S5486 F(DIAQ W
SIGNETICS st N7ILS6 A NT486 FOIAG
SIEMENS FoRT &
FUJITSU TS 96 35 MB A [0,
HTACH o AT DTS IE BT HOTi/HOZS2s | TiPa
M SUBISHI MTALS 86 P T M53286 P
NEC . 74 $86 cr P B2086 O
S H 1
TOSHBA EE I TO%i88 P
Electrical Characteristics SNS4LS86/SN74L.586
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