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Figur~ 6. A mmd.v source ofslo.... pulses.

in select ing more complex chips tailored to
special needs, Therefore , there will be liulc
theory here.

This discussion will mainly look at practi
ca l circuits and see how hams can apply them
to their designs . Some of the jobs basic flip
flops st ill do best a re switching , dividing by
two, making controllable shift registers. and
controlling circuit funct ions . This is not all
the work fit fo r flip- flops . bu t it provides an
appreciat ion of thei r ve rsat ility .

Related to the nip-flop in most data-book
listings is the latch . Althou gh somewhat d if
ferent in internal ci rcuitry and funct ion, the
latch also holds a piece of data and controls
ci rcuit functions. This presentation will com-
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brator. The more informal name reflects the
fact that modern ICs add special features to
the basic circuit to mak e it even more flex
ible . It 's possible to clock in data, preset the
outputs , clear the outputs . and feed the output
bad. to the input. These features allow the
creat ion of many useful c ircuits.

There are many good sources of informa
tion on the basic theory of the flip-flop in its
many forms. La ncaster 's Cookbooks devore
enti re chapte rs to fundamental nip-flop oper
at ion. T imes have changed s ince the publica
t ton ofthis information . Digital fam ilies now
have hundreds of members , many of which
pe rfo rm specia l functions that . at one time.
had to be configured wit h several gate and
flip-flop chips . In today 's wo rld , it's neces
sary to know what funct ions basic flip-flops
perform best and how to use that knowledge
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WhJ Know flip-Flops and Latches?

The ni p-flop is one o f the most ve rsatile
chips in the entire digi tal fC fam ily . " Flip
flop" is actually the name of a circuit config
ured in many different ways: for example,
with transistors or gate chips . A more formal
name fo r the circuit is the bi-stable multivi-
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" In today's world, it's necessary to know
what functions basic tttp-ttops. perform best and

how to use that knowledge in selecting more
complex chips tailored to special needs. "

Ftxure 8. A handy lIum"al pulser (pulse iluratum Y.i senmd).

flip-flop tells the gates whether to pass o r
block. Note that it's possible to use a single
gate IC with four gates per chip to create
this entire circuit. When there are unused
gates and the builder need s only a control
switch, the simple flip-flop is often the best
way to go .

In Figures 2 and 3, LEDs with series 3300
resistors are indicato rs. Figure 4 shows how
the remaining diagrams will represe nt the
LED ind icator. By using th e simplified
symbol. the reader ca n keep his attention
focused o n the importan t aspects of the
test circuit. As a convention. the LED will
indicate a HI condit ion. When the LED is off,
a LO is present . As I proceed. I shall repre
sent some other useful test circuits in the
same way .

One can do the same basic switching job of
Figure 4 by using on e of the de signated fl ip
flop ICs. suc h as the 74 HC74 D-type flip-flop
shown in Figure 5 . For the moment. igno re
the Data and C loc k inputs by tying them to the
positi ve supply voltage line . For this chip. the
Preset and C lea r inputs are the control lines
that correspond to those in the gate fl ip-flop
circuit . Then take the Preset input LO to
make Q HI and - Q LO , a nd take the Clear
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When changing a control input. both outputs
change together . This featu re is very useful,
because some complex circuits may req uire a
HI in one place and a LO in another. with
both conditions reversed for the off. inact ive.
or opposite condition. Figu re 3 shows an
example. using gates as passing/blocking ele
ment s for pu lses. When gate I passes, gate 2
blocks. and vice versa. The out put from the

VersatiJiI)'

Not ice that the flip -flop has two outputs.
They arc conventionally ca lled Q and - Q.
since one is always the reverse o f the othe r.

pull-up or hold-down resistors on the control
input lines.

The two basic flip-flops in Figure 2 use
74 HCOOand 74 HC02 gates. It 's possible to
substitute regular CMOS NAND and NOR
gates (with changes of pin numbers) and use
the same value resistors . If using 7400-series
TTL ICs or 74LSOO-scries low-po wer TT L
ICs. check the manuals for proper pull-up
and held-down resistors. However. s ince the
74 HCOO-series combines the best features
of both the 4<XX>-series CMOS ICs (except
for the wide range of operating voltages) and
the 74LSOO-series, I will usc them through 
out these expe riments.

modules will fill the bill. No solde ring will go
on here , since these parts will late r go into
real projects.

T he Ba...ic "l ip-nop

Figure 2 shows a pair of basic fl ip-flop
circuits made from gates. As the two dia
grams show. either a pair of NANOs or a pair
of NORs will work fine . Because the output
ofone gate feeds back to an input of the other,
briefly changing the rest state of one of the
contro l lines can switch and latch the output
state . Not only docs the ou tput change when
the input changes, it stays that way after re
leasing the sw itch or whatever pulse system
used to affect the control inputs .

Th is fact is useful. because it gives a de
bounced switch. one that docs not show any
of the make-break problems of mechanical
switches. Figure 2 shows how to use the
flip -flop with mechanica l switches at the in
pu t. The ro ta ry or togg le switch sw itc h
should be a break-before-make type , since
during the brief period that the switch is dis
connected between positions , the flip-flop
output will remain as it was left. It cha nges to
its new state with the first touch of the sw itch
contacts . and it stays that way . 00 matter how
many times the switcb contacts make and
break before settl ing into their final position.
The resisto rs on the control input lines hold
the control inputs HI or LO (as needed) when
the switch is not revers ing them .

The Xs in the input lines show the po ints
where it 's possible to remove the mechanical
switch and resisto rs in order to feed control
s ignals di rectly to the inputs. Th is mode of
ope ration req uires sig na ls always present
at the inputs as either His or LOs. If a no
sig nal co nditio n is desired (e.g . , following
a tri-state buffer) then one should keep the

Material..
First is an experimenter 's board or IC

breadboard for the tests. Second is a power
supply . The simple 5-volt supply in Figure I
will hand le all the experiments. Be sure to
use a heat sink on the 7805 regu lator. Also ,
do not forget the fuse . The power suppl y
and experimenter board make up a useful
package both for this exerci se and for future
experiments.

Third , a small collection of pans . Four or
five 74HC74 D-typc flip-flops. a couple of
74HCOO NAND gates. a pair of 74C02
NOR gates. a 74 HC75 latch , a few LEDs, a
handful of 3300, 10kO , and 47kO resistors ,
plus some specific parts for some ha ndy test

pare and contrast latches and flip-flops , and
show which differences will make ham cir
cu its work better.
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line LO [ 0 make Q LO and - Q HI . Since the
74 HC74 has two flip-flops per chip. only ha lf
a chip is used. just as the gate version o f the
switch.

There are othe r kinds of flip-flop chips ,
such as the J·K models. and there are mult iple
flip-flop chips with many individual ci rcu its ,
but restricted control features. Rather than
ente ring the confus ion of trying to track many
different kinds o f ICs . I'll st ick with the
74HC74 so the reader can try 10 master most
of its capa bilities . Then the reader can apply
the lessons learned to almost any of the other
vari ations .
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Flip-flops as ()i\'iders

The D-type flip -flop provides addit io nal
ci rcuitry for clocking data into the chip. A
pulse source will help make use of this ci r
cuitry in these expe riments. The astable ci r
cuit in Figure 6 uses a 7555 10 produce pulses
with about a I second on-time and a I second
off-time . The 74HCOO-series chips here can
handle frequ encies wel l above 10 MHz. but
thi s slow pulse rate allows the reader to see
the circu it operation more cl early .

To use the Data and Cl ock inputs of the
74HC74 . hold the Preset and Clear lines HI.
Next, we must place the data (a HI or a LO) at
the Data input. Finally . place a LD-to- HI
tra nsit ion o n the Cloc k input line . The first
step is nonnally done when wiring the circuit,
as in Figure 7. Then. whatever the state of the
Data line . when the clock goes from LO to
HI. the D-state will appear at the Q output and
its opposite will appear at the - Q output .

However. Figure 7 shows the - Q ou tput
wired back to the D input. The circuit also
shows the 7555 astable ci rcuit feeding pulses
to the Clock input. Take a close look.

Assume that Q is LO and - Q is HI. Th is
means that D is also HI. When the C lock
pulse goes from LO to HI , the HI on D
appears at Q . T hen - Q goes LO , which
means that D also goes LO. But nothing will
happen to D ' s LO until the next Clock pu lse
cha nges from LO to HI. With thi s second
pu lse . Q goes LOand - Q goes HI. feed ing D
a HI. Th is cycle continues. Note that the Q
and -Q outputs make one complete pu lse for
every two pulses from the 7555 . The circuit
divides the frequency of the astable by 2.

The divide -by-two circuit is very useful.
Sometimes an expe rimenter needs both the
original frequency and another frequency
half as fast . In many applications. the tester
ca n stan the astable at twice the desired fre
quency. and use the di vider circu it to bring it
to j ust the desired value . Remembe r that in
the 7555 ci rcuit, the HI and La durat ions are
not exactly equal. If equal on and off times
are important (e .g., in coded systems). the
divider circuit guarantees equality .

Sim ple C ou nter

A bui lder can make a simple binary counte r
and controller by stringing together d ivide r
circuits. To operate this circuit , let 's make a
debounced manual pulser. Figu re 8 shows a
good ci rcu it. aga in us ing the 7555 . The inpu t
resisto rs and capacitors to the trigger pin sim
ply guarantee that there is one pu lse per fin -

ger press on the switch . I use some ex tra
keyboard sw itches pulled from a defunct pro
ject for this work. Keyboa rd switches are
among the best press-release switches avail
able . Incidentally. I kee p two o r three
prewired pe rfboard vers ions of both the pulse
ci rcuit and the astable circuit close at hand
and just plug connecting wires into the bread
board . In the long run. that saves a lot of time .

Figure 9 shows an example of a simple
binary counte r using two flip-flops in series.
This starts with a debounced pu lsc r. Note that
there are four LEDs connected to some gates
as a substitute for a controlled circuit. There
are up to four passlblock gates or any other
type ofcircuits among which to switch. When
pressing the button , the ne xt LED lights-or
the next circuit becomes operative-with all
the others off.

At the same time. a binary number between
oand 3 is created . using the Q outputs of the
two flip-flops. The experimenter can place
these two outpu ts on the I and 2 inputs of a
BC D driver ch ip that feeds a 7-segment
disp lay .

Now wi re the 4 and 8 inputs low . The result
is a display that reads (). 1-2-3 when pressing
the button, indicati ng the number of the acti
vated ci rcuit. Figure 9 also shows some op
tional additio nal circui try to allow the 7-seg
ment display to read fro m I through 4 . The
NOR gate simply converts the flip-flop LO
LO = 0 into a HI to trigge r the 4 digit.

This basic circuit is useful to about one
more place for counting up to eight and con
trolling one of eight circuits manually . How
ever. beyond eight. there are many more
flex ible binary and BCD counters. as well
as programmable divide-b y-N cou nte rs.
There are decade counters (74HC I60). dual
decade counters (74 HC390) . 4 -bit binary
counters (74 HC 16 1), dual 4-bit binary coun
ters (74 HC 39 3), divide -by- IO counters
(74 HC40 17). up/down cou nters (74HCI91 ).
and ta -bu counters with a bu ilt in oscillator
(74HC4060). They are all based on fli p
flops . but that ci rcuitry is bu ried inside the
chip . One need s only to master the input and
output connections and any special ru les of
operation to use them.

For example . some counte rs count on a
LO -to -HI tran siti on of the C lock input,
others on the HI -to-LO transit ion . Most have
Reset lines that instantly retu rn the count to
zero, but some need a HI 10 do the job.
and others need a LO . When checking out
these counters in data books. be sure to read
all the rules.
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Controlled Dil-iders

So far. the divide funct ion of D-type flip
flops have been used in an uncontrolled
manner. dividing all the time. However. by
adding a gate. it's possible to control just
when the circuit divides. Figure 10 shows
two controlled dividers. using NAND and
NOR gates . Which one the expe rimenter uses
depe nds upon the gates available in his cir
cuit and whether he wants to control the pro
cess with a HI or a LO. Since the gate will
reverse the level of the feedback signal, he
feeds the Q output to the gate (instead of the
- Qoutput) .

Figure II shows an application of the con
trolled divide r circuit to make Morse code
dashes from dot pulses . W hen the NAND
gate input is LO , its output to the D terminal
is HI. The clock pu lse will make Q HI and
-Q LO. Since - Qgoes to the NOR gate . the
La permits the gate to pass (inverted) what
ever comes in the other input line . In this
case , what passes are dot pulses .

When the NAND gate input is HI. its out
put to the D input will be the inverted Q
output. If Q is HI, Dis LO. The next clock
pulse will makeQ LO and - Q HI (with the D
input see ing a HI). The - Q HI hits the NOR
input and holds its output LO during both the
HI and the LO pan ofthe original dock pulse .

Now , with the stan of the next d ock. pulse .
the HI D input transfers to Q. with - Q go
ing LO. Thus , one gate of the NOR is La.
allowing the dot pulse to pass as a dot. The
result is a NOR output LO three times as long
as a dot LO, while the space time (HI) is the
same length as usual. By summing the dot
pulse and the divider pulse . it makes perfect
dashes .

Combine Figure 9 and Figure 10 element s
to create a d ivider-controller-cou nter that op
erates only under certain condit ions fed to a
divider-controller gate . The possibilites are
endless!
N~xt time: Shift register circuilS. RJ
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