
E XPERIMENTERS often need 
to generate square waves for 

test circuits and other applications. 
A simple way to do this is with a 
555-timer IC operating in the 
astable mode. Most manufacturers' 
spec sheets include graphs to help 
you choose the resistor values need
ed to obtain a desired frequency 
with a given capacitance. The only 
drawback of this method is that you 
can't maintain control over the 
duty cycle of the square wave. This 
article presents simple formulas 
~nd plots for selecting resistor val
ues to control both frequency and 
duty cycle. 
· . Figure 1 shows the circuit com
monly used to produce a 555 

Examples: 

(1 )Given: f = 1000 Hz, C = Q.1 ~J-F , 
D = 0.7 

Solution: C x f = 1 02 ~J-F-Hz; 
from equation (B) or Fig. 3, 

R8 = 4.3 kO.; 
from equation (A) or Fig. 4, 

RAI R8 = 1.333; 
therefore: RA = (1 .333)(4.3 kO.) 

= 5.73 kO. 
(2)Given: f = 50,000 Hz, C = 100 pF, 

D = 0.51 . 
Solution: C x f = 5 ~J-F-Hz; 
from equation (B) or Fig. 3, 

R8 = 141 kO.; 
from equation (A) or Fig. 4, 

RAIR8 = 0.041 ; 
therefore; RA = (0.041 )(141 kO.) 

= 5.78 kO. 
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astable waveform such as that 
shown in Fig. 2. In Fig. 1, the out
put voltage at pin 3 will be high or 
on during the charging of capacitor 

C through RA and RB. The output 
will be low or off or near ground po
tential during the discharging cy
cle. The on time is designated as T 1 
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Fig. 1. Standard 555 

square-wave generator. 

I 
I 
I 
I 

Tl 
*'oN" , 
TIME 

T2--l 
"OFF" I 
TIME I 

I 
1----T----1 
I TOTAL PERIOD I 
I I 

Fig. 2. Output of the circuit 
in Fig. 1, with characteristics defined. 
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Fig. 3. Plot of C X f vs. R., which can be used with Fig. 4 to determine circuit values. 
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Everybody's 
Logic Analyzer 

12 Channels 
16 Words 

A logic probe and oscilloscope are no 
longer adequate for analysis in today's 
digital world. For testing or debugging 
microcomputer or other digital logic 
circuits you need a real logic analyzer. 
The LA-12 captures, stores and displays 
TTL and LSTTL digital data so that 
the instantaneous meaning of the data 
stream (e.g. data value, ASCII code, 
address) can be understood aud 
analyzed long after the actual events 
have passed. 

• Easy to Use • 10 MHz • Clock 
Qualifier • Trigger input • 3 Trigger 
Qualifiers • Built-in LED Display
No oscilloscope needed • Compact 
• Expandable • Low Cost 

30 day trial 
Purchase an LA-12, use it, and if you are not 
completely satisfied, return it within 30 days 
and receive a full refund. 

Free Offer 
If you order within 45 days, and mention this 
magazine, you will receive a $49.95 input cable 
free with each LA-12 ordered. 

Save $28.95 
In addition, if you enclose payment with your 
order you can deduct 5 "lo and we will pay 
shipping charges. 
All prices are in US dollars for 120VAC. 

To order in the Continental US call 

TOLL FREE 
547-5995 EXT. 195 ·--------,-----------

L:clDine.~tiiCUt microComputer, Inc. 
36 Del Mar Drive, Brookfield, CT 06804 
(203) 775-4595 TWX: 710-456-0052 

Q Description Price Total 
Logic Analyzer $379.00 
Input Cable 49.95 
20 Color-coded 
microclips 44.95 

Connecticut residents add 7 V2 OJo sales tax 

Shipping & 
Handling $10.00 

Total 

0 Company purchase order enclosed (Rated 
Firms only) 

0 Check 0 VISA 0 MasterCard 

Acct. No. - - ----------
Signature------ Exp. Date __ 
Name (Print) _ ________ _ _ 

Address _ ___ _ ______ _ 

City _ _ _ _ ___ _ _ _ _ _ _ _ 

State _____ ___ Zip _ __ _ 

Dealer inquiries invited 
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Fig. 4. Duty cycle 
vs. resistance 
ratio RAI R8 

based on Eq. (A). 

in Fig. 2, and the off time as T 2. The 
total period is thus T = T 1 + T 2· 

. The frequency of oscillation is 
f = 1/T. 

The on time is given by 
Tl = 0.693 (RA + RB)C 

The off time is 
T2 = 0.693 RBC 

Thus 
f = 1/(T1 + T2) 

= 1.443/(RA + 2RB)C 

If we define duty cycle as the ra
tio of the on time to the total period, 
then D = T1/T = T1/(T1 + T2). 
Some algebraic manipulation re
sults in two very simple formulas: 

Fig. 5. Use this circuit 
for a duty cycle of 0.5000. 

RA!RB = (2D- 1)/(1 -D) (A) 
RB = 1.4~3 (1 - D)/Cf (B) 

where f is in Hz, RB and RA are in 
ohms, C is in farads, and 
0.5 < D < 1. 

Note that, given a particular ca
pacitor, one can quickly calculate 
the RA and RB values necessary to 
achieve a desired frequency and a 
desired duty cycle. 

These two equations are present
ed graphically in Fig. 3 and Fig. 4. 
For convenience in plotting, C and f 
were combined to for~ one vari
able, C X f. In the plots, the units 
ofC X fare(J..LF-Hz)andRBisin 
ohms. · 

Of course, equations A and B 
give more accurate answers than 
the plots but the extra decimal 
places are meaningless if wide-tol
erimce capacitors are used. 

If a duty cycle of exactly 0.5000 
must be produced, it can be done by 
connecting the timer output at pin 3 
to the clock input of a J-K flip-flop. 
The output of the flip-flop will be a 
perfectly symmetrical square wave 
at half the frequency of the timer 
output. This configuration is 
shown in Fig. 5 ·and is-independent 
of the value of RA and RB. ¢ 




