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Dividers

The sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.
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Clock Input Frequency Divider
Programmable Frequency Divider
Divide-by-Odd-Number Counter
7 490 = N Circuits
Divide-by-2-or-3 Circuit

1 +-GHz Divide-by-N Counter
Divide-by-N+1/2 Circuit



CLOCK INPUT FREQUENCY DIVIDER
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ELECTRONIC DESIGN Fig. 26-1

ICA, R1 through R3, and Q1 form a current source. The current that charges C1 is given by:
xRy
(R 1+ Rg) X.R3

- (15 x 3 kQ)
B kQ + 12 kQ) x 470 k{2

=6.4 uA
The input signal drives ICD. Because ICD’s positive input (V+) is slightly offset to +0.1 V, its
steady-state output will be near +13.V. This voltage is sent to ICC through D2, setting ICC’s output to
+13 V. Therefore, point D is cut off by D1, and C1 is charged by the current source. Assuming the initiai
voltage on Cl is zero, the maximum voltage (VC,.) is given by:

By > thy+ db + i+ by

The right side of the inequality should be the minimum pulse width (either up time or down time) of
the input clock. The circuit, when constructed with standard 74F-type parts, operates without any added
delay in the exclusive-OR feedback path and with an input frequency of up to 22.5 MHz. The circuit’s
output signal will have the same duty cycle as the input clock.
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PROGRAMMABLE FREQUENCY DIVIDER

Uy
1 w’ 2 +5V
g U
woo—| R | g s
Nbit2 & " L s
N bit 3 0— b wncral L0
Nbit§ o- 13 Lie 3
Hhil&o——_Tzl.n
Clockin O : > CLK 3
J'_— CJrs.\iir‘lilE
OM-I 4557
= oA e
3|h® Divideby N + 2
b<N
Example: Divide by 5 (N = 3} <N<B3
Clock in
45570 M M
Clockout —y 1 —
Uss
2 L 2
Nbitd o e +5V
HhitZO——E‘EL‘ ] .
:g:iic— 3 I|:' i 1 Ly
it4 0— 51 L6 2 PR 5
A — 1 Gl | [
Clockin o— : oLk L i
e r
oS _TIE T L
= 151 =
4 A/B
R
[— +5V
i 2
Mbit) o [T 1
M bit1 o— il oo »
Mbit2 o 1] 2 0
Mbit3 o— :-;—I..
Mbitd o 5 L - B
Mbits o- e, Divide by N+ M +3
5 [olk 0<N<®
_I_ e DcM<B
+5¥O— B 4557
= 45¥0- AB
Example: Divide by 6 A
N=1,M=2) [

(TR e T oy Oy T gy Ty Y Yy Yy TN Ty Yy 2y B
u,0 - T Y
1,0 I m
Clockout — 1 I L — 1
ELECTRONIC DESIGN Fig. 26-2
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PROGRAMMABLE FREQUENCY DIVIDER (Cont.)

This divider uses a variable-length shift register, a type-D flip-flop, and an inverter. ‘The clock feeds
the flip-flop clock input and the output of the shift register feeds the D input of the flip-flop. The FF output
is tied back to the reset input of the shift register so that each clock pulse shifts a “‘1”’ into the 4557. N+ 1
cycles after the reset pulse is removed. The first ‘*1”" will propagate through the register output. The ‘1’
is latched into the FF on the clock’s next falling edge and fed back to the 4557 reset pin, which resets the
shift register to zero. When a zero is clocked into the flip-flop on the next falling clock edge, the reset is
removed, restarting the process. The divide ratio is (N +2), where N = the binary number that is pro-
grammed into 4557.

DIVIDE-BY-ODD-NUMBER COUNTER
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This circuit symmetrically divides an input by virtually any odd number. The circuit contains # + /e
clocks twice to achieve the desired divisor. By selecting the proper », which is the decoded output of the
74L5161 counter, you can obtain divisors from 3 to 31. This circuit divides by 25; you can obtain higher
divisors by cascading additional L5161 counters. '

The counter and IC5A form the s+ /2 counter. Once the counter reaches the decoded counts, »,
IC5A ticks off an additional 1/2 clock, which clears the counter and puts it in hold. Additionally, IC5A clocks
IC5B, which changes the clock phasing through the XOR gate, IC1. The next edge of the input clocks
IC5A, which reenables the counter to start counting for an additional #+ 1/z cycles.

Although the circuit has been tested at 16 MHz, a worst-case timing analysis reveals that the maxi-
mum input frequency is between 7 and 8 MHz.
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7490 + N CIRCUITS

IN ! hd s I - L ! e L IN
— — — -7 —— ouT ~— -8
- s — + + —
+ —
q B |: j E out
—1 —
3
h P ”
77
| - 14 NN =Y -~ 14
— 9 oot | 10
+* +
f— > -
— 0—‘ |
73 AMATEUR RADIO ps ps Fig. 264

A 7490, 741.590, 74C90, etc., is a decode divider, but it can be configured to divide by any N up to 10.
The above figures illustrate the connections necessary to divide by N from 5 to 10.

DIVIDE-BY-2-OR-3 CIRCUIT
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This circuit produces a symmetrical waveform when dividing by either 2 or 3. The Divide Select input
controls the division factor. When Divide Select is high, flip-flops IC1 and IC2, along with associated gates,
form the classical divide-by-3 circuit.

When divide select is low, however, the output of the AND gate, 1C5, goes low. Consequently, the
NOR gate, IC4, inverts the feedback signal and passes it to the D input of the flip-flop, IC1. Now, IC1 acts
like a toggle flip-flop and produces a divide-by-2 output.

IC3, which is, in effect, a negative-edge-triggered flip-flop, provides symmetrical cutput signals.
When you select division by 2 (Divide Select is low), the output and AND gate IC6 is low, and IC3 simply
clocks out the divider’s output, delayed by one clock period. When you set Divide Select high, the path to
the output through the AND and OR gates, IC6 and IC7, is enabled. This path means that the output goes
high on the leading edge of IC3's input (not its output) and produces a symmetrical divide-by-3 output.
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1+ -GHz DIVIDE-BY-N COUNTER
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Counter speeds for CMOS- and TTL-programmable counters are limited to under 100 MHz. ECL-
type devices can approach a few hundred MHz, but with significant current requirements. However, cou-
pling the dual-modulus-prescaling technique with the available phase-locked-loop synthesizer chips that
control the prescaler circumvents these frequency and power-drain constraints.

With this approach, designers can also choose various counter-programming schemes (serial, parallel,
or data bus), in addition to achieving higher frequency capabilities. Low-power drain (less than 75 mW)
and low-cost devices can also be selected. Moreover, only two ICs are necessary to achieve divide values
above 131 000.

Maximum input frequency and dividing range for the counter are controlled by choosing an appropriate
8-pin dual-modulus prescaler. The counter’s output appears at synthesizer pin Fy (see the figure). The
total input-to-output divide value is governed by the equation:

NTOTAL=N><P+A

N and A represent the value programmed through the serial port into the divide-by-N and divide-by-4

counters. P is the lower dual-modulus value that is established by the synthesizer’s modulus-control signal.
Typically, A varies from zero to P—1 to achieve steps within the system’s divide range. N must be

equal to or greater than A. N> A then sets a lower limit on Nygrar, which is dictated by Apypax=P-1.
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DIVIDE-BY-N + 1/2 CIRCUIT
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This circuit, instead of dividing by an integer, divides the input signal by N +1/2. With the feedback
connections exactly as the figure shows, the circuit divides by 3.5. Point C ultimately controls when the
input clocks the 74HC161 4-bit counter. When C=0, the positive edge of the input triggers the counter, If
C=1, the negative edge of the input triggers the counter, Each time that point C changes level, the circuit
shortens the output pulse width of the counter by half of an input cycle. Thus, the counter’s diviscr
depends on how many changes occur at point C during one output period.

Although the figure divides by 3.5, feeding back different counter outputs produces different divisors.
Generally, an m-bit binary counter with pure exclusive-OR (XOR) feedback can form an N+1/z counter,
where N ranges from 272+ 1/2 to 2”-! - /2. The divided output is available at the m-1 bit of the counter.
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