
DESIGNER'S 
NOTEBOOK 
Inverting logic oscillators 

ONE OF THE NICEST THINGS ABOUT 

digital circuits is that you can make 
an oscillator out of just about any
thing. just look around your de
sign and find a few spare parts (un
used gates on the board), connect 
them together and you've got an 
oscillator. While working with ana
log components requires some 
thought, digital stuff is just lying 
there, begging for the chance to 
squirt out squarewaves. But that 
kind of convenience tends to 
make you sloppy. 

Because most gate-type os
ci l lators are essentially trouble 
free, you can easily get into the 
habit of thinking that they all are
but they're not! Everybody is fa
miliar with (and has used) the os
ci llator arrangement shown in Fig. 
1. (We've shown it with inverters, 
but any type of simple inverting 
logic will fill the bill.) 
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FIG.l 

Oscillator circuits 
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The circuit in Fig. 1 is simple to 
put together, forgiving of part val
ues , and relatively stable for a 
given supply voltage. However, 
there is one problem associated 
w ith it-it won't always oscillate! 

Li ke a good many of you, I've 
relied on that circuit whenever I 
needed a simple clock generator. 
More convenient ones, with fewer 
parts can be built with Schmitt trig
gers; however, not every circuit 

uses Schmitt triggers. 
Imagine my surprise, after hav

ing figured out the component val
ues for an oscillator I was building 
to get the clock frequency I want
ed, and found that when I plugged 
the parts into the board, nothing 
happened . There I was, the victim 
of my own sloppiness. 

The reason that the oscillator in 
Fig. 1 won't always work can be 
understood by taking the part val
ues to the extremes-decreasing 
component values-and seeing 
what happens to the circuit. That 
kind of experimentation can come 
In handy when it comes to sim
plifying any circuit. 
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FIG. 2 

If we keep on reducing the value 
of capacitor C1 and let it go to zero, 
we're going to wind up with the 
circuit shown in Fig. 2. There we 
see that IC1-b is no longer a part of 
the circuit, and it doesn't take 
much analysis to see that the cir
cuit won't oscillate . What that tells 
us is that there are limits to the 
allowable value of the capacitor. 

What those limits are will de
pend on several things; the supply 
voltage, load, component values, 
and a whole bunch of other stuff. 
In other words, what had been a 
really handy, no-thought type of 
circuit has turned into one that re
quires some consideration before 
we can use it. 
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The problem here is that the 
schematic in Fig. 1 is not an inher
ently astable circuit. That can been 
seen by looking at Fig. 2 and com
paring it to Fig. 1. Remember, the 
capacitor forces the circuit to os
cillate and if it's value is not large 
enough (or there is none at all), the 
circuit will just sit there and do 
absolutely nothing. 

'our 

FIG.3 

What we need is a trouble-free 
oscillator that is inherently asta
ble. Figure 3 is the type of circuit 
that we' re looking for. As stated 
before, you can do a lot better and 
greatly simplify things by using 
Schmitt triggers . For all those 
other times, however, the circuit 
shown in Fig. 3 is just what the 
doctor ordered. 

The circuit is sure-starting and 
trouble-free-it will oscillate over 
a much wider range than an os
cillator made with just two inver
ters (like the one in Fig. 1). The 
formula for determining the out
put frequency is admittedly a bit 
complex, but several assumptions 
can greatly simplify things. Since 
it's not the kind of circuit that you 
would use if you need good sta
bility or heavy-duty precision, the 
following approximations are 
more than adequate: 

continued on page 134 
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DATA SHEETS ARE PROVIDED ""EE 
WITH All IN'rf:GRATEO CIACUfTS LISTED HLOW 

OIESCAIPTION "IICI(H.) 

TOUCH SENSITIVE LIGHT DIMMER SWITCH 
MOMENTAAY TOUCH TO SENSOR PLI\TE TURNS LIGHTS ON 
OR OFF PROLONGED TOUCH GRI\OUALL Y DIMS OR 
BRIGHTENS A SLOW CLOCK INPUT ALLOWS AUTOMATIC 
SLOW DIMMING TO OFF·IOEAL FOR SOLVING CHILD'S FEAR 
OF DARK BEDROOM 

RD0104 CMOS DIVIDER!C HAS TRUTH· TABLE SELECTABLE INPUT 
TO YIELD DIVIDE BY 10 100 1000 OR 10000 OUTPUTS 

0 C TO 5MHZ SIX DECADE MOS UP COUNTER WITH 8 
DECADE LATCH AND MULTIPLEXED BCD OUTPUTS AND 
DIGIT STROBES ACCESS TO LSD LATCHES ALLOWS 
ATTACHMENT OF PRESCALERS FOR COUNTING TO 500MHZ 

LS7220 14PINDIPAUTOMOTIVE1MARINEANTI·THEFTDIGITAL LOCI( SJ SO 
CIRCUIT HAS 5.040 4·DIGIT COMBINATIONS WITH 25 
MICROAMP STANDBY "SAVE" MODE FOR VALET PARKING 

JCR2228CN MUL TIPLIERI DETECTOR I C FOR ANALOG SIGNAL PRO· 
CESSING CONTAINS 4 QUADRANT ANALOG MULTIPLIER· 
MODULATORS AND INDEPENDENT HIGH GAIN OP·AMP 
DIFFERENTIAL JCIY INPUTS APPLICATIONS FOR PHASE 
DETECTION UP TO 100 MHl PLL DESIGN IN SYNCH AM 
DETECTION OR GENERATION. TRIANGLE TO SINEWAVE 
CONVERSION. OR FREQUENCY TRANSLATION 

PRECISION WAVEFORM GENERI\TOR I C PRODUCES SINE $3 75 
SQUARE. TRII\NGLE. SAWTOOTH. OR PULSE WAVEFORMS 
WITH MINIMUM EXTERNAL COMPONENTS FROM 001 Hz TO 1 
MHl FOR PRECISION PLL TEST INSTRUMENTS 

XR215CN HIGH FREQUENCY PHASE·LOCKEO LOOP tf'LL) I C FOR 
BOTH ANALOG AND DIGITAL COUMUNICATIONS 0 5Hl TO 
35MHz USES INCLUDE FU DEMODULATION. FREQUENCY 
SYNTHESIS FSK COOINGIDECOOING !MODEM) OTL TTL 
ECLLOGIC COMPATIBLE 

CS258A INTRUSION ALARM OPTICAL TRANSCEIVER I C NEEDS IR ~ 95 
LED. PHOTO DIODE & PASSIVE PARTS TO BE, COMPLETE 
OPTICAL TRANSCEIVER SYSTEM CAN BE FAIRLY OPEN TO 
AMBIENT LIGHT WITHOUT FALSE ALARMS 

UGN3501T 

UGN3501M 

HALL EFFECT SENSOR FOR MAGNETIC FIELD CHANGES TOO 
SMI\LL TO OPERATE THE HALL SWITCHES OUTPUT IS A 
LINEAR FUNCTION OF MAGNETIC FIELD INTENSITY 
MONOLITHIC I C INCLUOES' fo'IALL CELL AMPLIFIER AND 
VOLTAGE REGUL ATOR FOR A 4 5 TO 24 VDC SOURCE HIGH 
SENSITIVITY AND FLAT RESPONSE 3 PINT PACK 

SAME AS UGN 3501T BUT WITH PROVISION FOR. NULLING 
THE OUTPUT OFFSET VOLTAGE 8 PIN DIP 

UGN3604M HALL EFFECT SENSOR WITH DIFFERENTIAL OUTPUT A $8 SO 
LINEAR FUNCTION OF MAGNETIC FLUX SUPPLIED WITH IN· 
OIVIOUAL CALIBRATION CHART AT 25 DEGREES CELSIUS & 5 
VOLTS FOR CALIBRATING . TESTING AND ALIGNING 
MAGNETIC SENSING DEVICES 8 PIN DIP 

GOLDSMITH 

I .... I CORPORATION. 
720 E.lnduatrllll P•rlc Dr.,.._""'-'-<, NH 03103 
~ OltDe"R$ WfLCOMf (103) 124-1030 

FREE CATALOG OF NEW DEVICES 
lfOSTAOf- AOO 5911 PLUS Jf.50 INSURANCE, C.O.D. &1.00 E.ITJtA 

CIRCLE 86 ON FREE INFORMATION CARD 

TUSA N~ w,:g~:L ~~.:~:~~:N~E~~~~~~ ~6"o~~::ER 
Receive all the EXTRA CABLE TV '"MIDBAND" & SUPERBAND 
CHANNELS on your UHF DIAL. 

Ellmlnatesthenoo<llorrentlngorleaslng.Thlssystemtakes 
the "midband" and "Superb.and" channels your TV, VCR Of 

~~~~~ projeC!Of can't receive and converts them to standard UHF 

1:::-:..::::.=~c!~[ cha~n=~~;~;~~ s;~~~~~~8~1~G FROM CABLE TV/ 

The 11ystem allows you to program both pay (pay TV decoOer required) and standard 

~a~~~~~~·;:~:er~~t ~~!~~~"o:~!u~c;:.- while you are Now 524.95". 
Simple to Install and operate oo aoy mal<e of TV with UHF. PLUS POSTAGE 

NOW AVAILABLE 
NEW TUNEABLE DELUXE MODEL CVU·1000 

\SJ'W1N"''"'RD HLEMENT SANYO UHF VARACTOR TUNERS 
75 OHM UHF VAGI ANTENNAS 75 Ohm Input - 45 MHz Output 

For Channels 14 · 83 

MODEL ~ S~~;~ 
~ EACH 

JSO..liSOLATOit 
3 illolated soeketa; quil'lity spike 
soppl'eSSiou; basic p~on.. Pl.95 

·JS0-3 StJPBR-lSOW'tOll 
3 du&l.ii!Oiated soeketa; ~upp-r; 
oonunercial ~on.·•· .• ·•l22.95 
lSOrl7MAGNI.JM ISOLAToR 
4 quad isolal!:d sockets; soppl'fl880r; 
labo.-.tory grade ~on •. t213.95 

}I; 

EleOtronio Specialists, lno. 
1'71 s. Main, Natick, t.4A,D176!) (617) 65()-15~2 

TOll Free Order Desk t-aoo-22S.4876 
~erOarcl. '\IISA.Amerlcan~ 

CIRCLE 6 ON FREE INFORMATION CARD 

TELEPHONE LINE ANALYZER 
Model1042 

Fastaodeaay·fo-useforquickllne 
checks. No edemai power required 
Isolates problem to telephone lloe 
or telephone. Testswlrlng fordo-it· 
yourself installation and line fun~ 
tl005thatallecttetephoneopera. 
llon.Completelnstructionalncl 

'16.95 ... 

~ 
~ 

Model 10,45 TELEPHONE 
PRODUCT TESTER 

Testscordedlcordlessphoneopera· 
tion and automatic phonedialerltlor 
allbaslclunctions,delectslnllne& 
handsetcords,toneorpulsedial 
operation, ringlngclrcuitopersUon, 
soundvolumeandvolcequallty. 

1.19 
2.85 

1.49 .99 
lt•H33N VIdeo Amp 1.69 .98 
MC·1330 VldeoDete<:tor 229 1.69 
MC·1349 VIdeo II Amp 2.06 1.55 
MC-1350 VIdeo II Amp 1.75 1.19 
MC·1352 Video II Amp AGC 2.69 2.09 
MC·1358 Audio II Amp 1.75 1 ... 
MC·1374P R.F.Modulator 3.19 2.39 
MC·1458 Dual Comp. Op Amp .88 .59 
MC·1496N Balanced Mod/Demodulator 1.79 1.34 

1.95 

mmrn 
M .. :2tor'3.89 

... 2for 15.89 

. .. 2tor'S.89 -~ 
WAHL SOLDERING IRONS 

Cor S1treo SIGNAL BOOSTER 
llodel IF-1101 Amplifies FM 
radloslgnalsanaverageoftBdb(S 
times). Improves reception and ex· 
tendsrangetoallowagreaterselec· 
tlonolstatlonsandraducesladlng. 
Install In minutes under dash on 
radio antenna cable. Separate 
switch and Indicator llght.12VOC. 

~ OUJ:i= 324.95 

EXTENDS CORDLESS TElEPHONE 
RANQE UP TO 3 TIMES! 

Here"sthebest 
quality,besf 

working phone 
antenna on tile 
market. Simple 

Installation. 
Mounts outdoors 

Doesnotvold 
telephone 
warranty. 

cOMPlETE KIT 
includes antenna. 
40'coaxlalcable, 
adaptor and easy 

lnstrucfions. 

m ORT~~LRFR~~w R.F. ELECTRONICS TU~;'",AI • 
800·854·4655 --- 1086C N STATE COLLEGE BLVD DEPT R r 10 6 

.. OUTSIDE CALIFORNIA ~ ANAHEI'.,rl CALIFORNIA 92806 ....-1 ;jp.[: SAT 10 :, 
~ 714·635·5090 ~ ~...-'-', CLOSEOSUN&MON 

~ INSIDE CALIFORNIA MOST ORDERS SHIPPED WITHIN 24 HOURS ~ NO MINIMUM ORDER 

ALL PREPAID ORDERS 2 LBS OR LESS MUST INCLUDE $2 50 SHIPPING & HA,JOLING- SHIPPED SAME DAY RECEIVED 

CIRCLE 27 ON .FREE INFORMATION CARD 

hardest of melals. 
RUB3AII Parts Available for Completing Device$15.00 
CAfiBON DIOXIDE BURNING, CUTTING LASER- Pro· 
duces a continuous beam of high energy. MAY BE HAZARDOUS. 
LCS .. A/1 Parts Available for Completing Device .. $15.00 
VISIBLE LASER LIGHT GUN -produces intense red beam for 
sighting, sponing, elc. Hand held complele. 
LGU3 .. Pians .. $10.00 (Kit & Assembled Units Available) 
IR PULSED LAf:ER RIFLE - Produces 15-30 watt infra-red 
pulses at 200-2000 per sec. 
LRG3 ......... .. All Parts & Diodes Available ........ ... $10.00 
BEGINNERS LOW POWER VISIIILE LASER -Choice of 
red, yellow, green- provides an excellenl source of monochromalic 
light. 
LHC2 ... Plans ....... $5.00 LHC2K ..... Kil ........ $29.50 

DESICN~R'S NOTEBOQK . 
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• If R1 is close to R2, then f = 
.56/RC, where R is the average of R1 
and R2. 

• If R1 is much larger than R2, 
then f = .46/R1C. 

• If R1 is much smaller than R2, 
then f = .722/R1C. 

The output will be a squarewave 
with a duty-cycle that's pretty close 
to 50150. That only happens with 
CMOS inverters because the 
switching point is the threshold of 
the inverters and (for CMOS) that's 
halfway up the supply rail. That 
switching characteristic also 
makes the circuit almost immune 
to power-supply spikes and other 
nasties. 

The output frequency of the cir
cuit is a function of the propaga
tion delay through the gates. That 
means that the output stability wi!l 
degrade as the frequency in
creases. The propagation delay is a 
constant and the lower the fre
quency, the smaller it (the delay) 
will be relative to each output 
pulse. R·E 




