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Frequency Divider with 50% Duty Cycle
Roland Heimann (Germany)

In digital circuit design, especially in micro-
processor or measuring applications, it is 
often necessary to produce a clock signal 
by dividing down a master clock. The 4-chip 
solution suggested here is very versatile; it 
takes a 50% duty cycle input clock and out-
puts a 50% duty cycle clock selectable (via 
an 8-way DIP switch) for every divisor from 
1 to 255.

The most complex chip in this design is IC1, an 
8-bit down-counter which is ‘programmed’ 
by the binary value set up on the eight DIP 
switches. An edge detector circuit made up 
of IC3 and IC4 produces a pulse at every ris-
ing and falling edge of the input clock f0. Each 
time the counter reaches zero a flip flop is 
toggled to produce a 50:50 mark/space ratio 
output signal.
It does not matter if the gates used in the 
edge detector circuit are inverting or non-
inverting; the only important points are that 
the correct number of gates are used and the 
delay time produced by each gate. The total 
propagation delay through seven HC type 
gates will be enough to generate a pulse of 
sufficient width to reliably clock the counter. 
Propagation delay is the time taken for a sig-
nal at a gate’s input pin to affect the output, 
and this is given in the data sheet. The edge 
detector produces a pulse on both the pos-
itive and negative edges of the input clock 
signal.
The down-counter decrements its value each 
time it receives a clock impulse on CP. When-

‘1’) the outputs Q and Q change state (toggle) 
on each rising edge of the TC output of IC1.
The DIP switches are used to set up the divi-
sion ratio, to divide the clock by 23 for exam-
ple, set the DIP switches to the binary value 
of 23 i.e. 00010111 (setting P4, P2, P1 and P0 
to high).
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ever the counter reaches zero the terminal 
count pin (TC) generates a negative pulse, 
reloading the counter (via parallel load PL) 
with the binary switch setting. The counter 
continues counting down from this value.

The JK flip flop IC3 is configured as a toggle 
type flip flop (both inputs J and K wired to a 

1
2

3>_1

IC3A12
13

11>_1

IC3D

9
10

8>_1

IC3C

4
5

6 >_1

IC3B

5 1 6
IC4C

9 1 8
IC4D

3 1 4
IC4B

1 1 2
IC4A

1

2 3 4 5 6 7 8 9

R1
8x 4k7

1
2
3
4 13

14
15
16

5
6
7
8 9

10
11
12

S1

P0
4

P1
5

P2
6

P3
7

P4
10

P5
11

P6
12

P7
13

CP
1

TE
3

PL
9

PE
15

MR
2

VC
C

16
GN

D
8

TC
14

IC1

74HC40103

VCC

VCC

CLK
1

K
3

CL
2

J
14

Q
12

Q
13

IC2A

74HC73

VCC

f0

Q

Q

4

11
IC2

14

7
IC4

14

7
IC3

VCC

IC3 = 74HC86
IC4 = 74HC04

080436 - 11

PIC Detects Rotation Direction
Lionel Grassin (France) to follow high speeds and speed variations. 

This can be achieved using programmable 
In the field of robotics, along with many other 
applications involving a motor (printers, for 
example), it is often necessary to measure a 
motor’s speed and acceleration or direction 
of rotation. One simple technique is to fit a 
quadrature encoder to the shaft of the motor 
to be monitored. A quadrature encoder (see 
photo) is a device that produces two square-
wave signals 90° apart as it turns. The direc-
tion in which the encoder rotates determines 
which of these two signals is in advance 
(compared with the other), thereby making 
it possible to detect the rotation direction.
An algorithm for detecting the rotation 
direction doesn’t need to be complicated, 
but it does need to be fast enough to be able 




