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Digital Basics
- part II

Fig. 1. (a) A reset-set fl ip-flop (RS FF) can be made from two
NA ND gates. (b) Symbol for RS flip-flop . (c) The circled in-­
puts fo r R and S indicate that these inputs are active-LOW.
(d) The operation o f an RS flip- flop is summarized in this
truth table.
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I n part I of thi s series, I in­
troduced you to the prin­

cipal IC logic families and
the variou s d ifferent forms
of logic gates. Here in pa rt
I I, we will continue our
study of ba sic digital elec­
tronics by investigating fl ip­
flops.

Flip-Flops

All of the d igital circuits
discussed thus far have op­
erated in a " t ransient" man­
ner. Gates and inverters do
not have any memory, so
once the input cond ition
changes, then the output
state that results from those
condi t ions also is likely to
change.

A flip-fl op (FF) is a circui t
that is capab le of storing a
single bit Ii. e.. a binary digit,
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either 1 or 0) of digital data;
it will remember an input
condition and hold the
same output after the data
has passed . There are vari­
ous differen t types of f lip­
fl op circu its, and t hey all
operate on slight ly different
(even though simi la r) sets of
rules. But one thing that
they all have in common is
the ability to sto re a single
data bit.

A ll common forms of
f l ip-f lops can be made fro m
va rious combinat ions of
the ba sic AND, O R, NAND,
NOT, NOR. and XOR gates.
The NAND, NOR. and NOT
gates are particularly often
used to make flip-flops. Ex­
cept for the two sim plest
flip-flops presented here in
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par t II , most elec tronic cir­
cui ts use IC fl ip-flops in­
stead o f actua l IC gates. It
is sim ply too cost ly to
make flip-flops from IC
gates w hen the same manu­
fa cturers do all of the inter­
connect ions for you by of­
fering the various fl ip-f lops
pre-made in IC form.

Reset -Set (RS) Fli p-Flops

One of t he simple st
forms of f lip-flop ci rcuit is
the rese t-set .o r RS, f l ip-t lop .
(Some textbooks, especiall y
those over ten years o ld,
ca ll i t a set-reset, o r SR, flip­
flop .) The RS f lip-flop can
be made from eit her two
NAND gates o r two NOR
gates, although note that
operat ion of the two ver­
sions is slight ly different.

Fig. 1(a) shows the c ircuit
for an RS fl ip-fl op made
from a pai r of NAND gates,
such as the TTl 7400 device
(which conta ins four two-in­
put NAND gate sect ions).

There are two inputs re­
qui red on the RS flip-flop,
set and reset . Usually there
are al so two output termi­
nals, and these are comple­
mentary: Q and NO T-Q (q),
Complementary means that
one w ill be LOW if the
other is H IGH . For example,
when the Q output is HIGH,
then the NOT-Q will be
LOW. When theQ output is

LOW, then t he NOT-Q will
be HIGH .

The inputs of the NAN D
version of the RS fl ip-flop
are active-LOW so are
somet imes designated 5'
(NO T-51 and R (NOT-R)
W henever you see an input
that is designated as a NOT­
inp ut. has a bar over i ts
symbo l. or that has a circle
in the schematic diagram,
then we know that it is an
act ive-LOW input terminal.
The circuit action of an ac­
tive -LOW in put occ u rs
whe n t he te rmin al is
brought LOW. An example
of a schema tic that uses the
ci rcled inputs is show n in
Fig. 'l lc ), whi le the normal
symbol for the RS fl ip-flop
is shown in Fig 'lfb].

A momentary LOW on
the set input of the NAND
gate RS flip-f lop causes t he
outputs to go to the state
where the Q is H IGH and
the NOT-Q is LOW . Note
that the term set usually
means Q = HI GH and NOT­
Q = lOW, whi le reset indi­
ca tes ju st the opposite:
Q ~ LOW and NOT-Q =
H IGH. The fl ip-flop is said
to possess memory (and, in­
deed, so l id-state computer
memory uses arrays of FF s),
so the outpu ts will stay in
the set condition unless a
reset pulse is applied to the
R input.
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Fig. 2. (a) An RS flip-flop can be made from NOR gates as
wef/ as NAND gates. (b) The RS flip-flop built from NOR
gates has active-HIGH 5 and R inputs. (c) A NOR-logic RS
flip-flop follows this truth tab le.

Fig. 3. (a) By adding two NAND gates to a NAND-logic RS
flip-flop, a level-triggered clocked RS flip- flop is obtained.
(b) Schematic symbol for a level- triggered clocked RS flip­
flop.
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Iy dur ing the trans ition per i­
od of the clock pu lse. A
pos itive edge-t riggered FF
c hanges only on t he LOW
to HI GH transition, while a
negative edge-triggered FF
wants to see t he negative­
going, o r HI GH to lOW,
transition.

An example of a simple
level-triggered clocked RS
flip-f lop is shown in Fig. 3.
The main fl ip-f lop is the
same as the circuit in Fig. 1,
so it is shown here in block
form for the sake of sim­
pl icity. The S and R inputs
are controlled by a pair of
NAN D gates. W hen t he
cl ock pulse is LOW, t hen
both inputs of the RS fl ip­
f lop section (i.e., poin ts A
and B) see a HI GH, so no
change can take place.

But, w hen t he c lock in­
pu t goes HIGH, the level s
at poi nts A and B Ii.e., the 5
and R inpu ts of t he FF sec­
tlonl are t hen contro lled by
t he ot he r inputs of the
NAND gates. These inputs
are used as the 5 and R
inpu ts of the clocked FF. If
you doubt th is, then review
the operation of the NAND
gates.
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pulse to be l O W for it to be
active, wh i le others (the
more usual case) require
the clock pulse to be HIGH .

An edge-t riggered f lip­
flop w ill allow sta te
changes only during one of
the two t ransit ions of the
clock pulse. The pulse must
be in the process of going
from LOW to HIGH, o r
from HIGH to LOW (again,
depending upon type). _A
positive edge-triggered flip­
flop, therefore, w ill allow
output changes to occur
only on the pos itive-going
transition (LOW to HIGH)
of the clock pulse. A nega­
tive edge-t rigge red f lip-f lop
allow s output t ransit ions
only on the negative-going
(HIGH to l O W) t ransit ion
of the clock pu lse.

It is importa nt to remem­
ber the d ifference between
these two types of t rigger­
ing, so let's rei terate: Level
triggering means that
changes can tak e place on­
ly du ring t he time w hen t he
clock pulse is active, i.e.. ei­
ther HI GH (positive level­
tr lggeredl or lOW (negat ive
level-triggered); edge trig­
gering means that output
c hanges can ta ke pl ace on-

4) If the reset input is
made H IGH momentarily,
then the output cond it ion is
Q =LOW and NOT-Q ~

HI GH .
Note again the principal

d ifference between the two
forms of RS flip-fl op (exam­
ine the truth tab les in Figs. 1
and 2 again). The NAND­
logic RS fl ip-flop has active­
LOW i nputs, while the
NOR-logic RS f l ip-f lop has
active-HIG H inpu ts.

Clocked RS Flip-Flops

W e somet imes get into
trouble w it h f l ip-f lops that
are too simple. W e see, for
examp le, electroni c ver­
sions of t he o ld relay-race
pro blem. In that p rob lem
and its modern elect ron ic
version w ith dig ita l c ircuits,
two rel ays may have sl ight­
ly d ifferent actuation t imes.
If the t ime d ifferenc e is
suc h that th ey operate out
of the intended o rder, then
catast ro phic results some­
t imes occu r. M any of t hese
problem s are so lved in the
digital electronics world by
using clocked, or synchro­
nous, operation. In the case
of the RS fl ip-f lop, we ob­
ta in cl ocked operation by
using the master-slave f lip­
flop, a ls o cal l e d the
clocked RS flip-ffop.

The purpose of t he clock
(a t ra in of pulses) is to syn­
chronize the changes in the
output cond it ion by allow­
ing them to occur only at
ce rta in t imes during, or im­
m ed iatel y f o llowin g, a
clock pu lse. M ost large­
scale d ig ita l ci rcu its wi ll
use sync hronous operation
in order to keep things
st ra ight.

The re are two basic
forms of clocking used in
RS fli p-fl ops: level-triggered
and edge-triggered.

A level -triggered flip-flop
is one in which the output
state changes in response to
cond itions on t he inputs on­
ly w hen the cl ock input is
eit her HI GH or lOW (de­
pending upon the type).
Some level-tri ggered cir­
c u its requ ire the cl ock

The reset functi on is ob­
ta ined b y m oment aril y
bringing t he reset inpu t
lOW. This forces the out­
pu ts to go to a sta te in
wh ich the Q is LOW and the
NOT-Q is HIGH.

The rules for the opera­
tion of t he NAND-logic RS
f l ip-flop are summarized in
t he truth table shown in Fig.
1(d). Thi s t ruth tab le also
lists two add itional cond i­
tions besides those dis­
cussed above. One of these
is t he cond it ion in w hic h
both set and reset inputs
are brough t lOW simu lta­
neousl y . Th is is a d isa l­
lowed sta te, and the c irc uit
wil l no t know w hat to do;
the output state w il l be un­
predi ctable.

The other condi t ion is the
case where both inpu ts are
simultaneous ly HI GH . In
thi s condition we f ind that
there is no change in the
output state. The RS flip­
fl op sim ply rem ains in the
cond it ion present when the
inputs were made HI GH .

A NOR-logic version of
the RS fl ip-flop is show n in
Fig. 2. Thi s circuit may be
constructed from TTL/7402
NO R gates. like the 7400
device, the 7402 contai ns
four independen t two-i nput
gates (in this case, the NOR
variety). The ci rcu it in Fig. 2
performs d ifferently f rom
the NAND-logic version of
Fig. 1, bu t there are sim ilar­
ities even t hough a sl ight ly
d ifferent set of operat ing
rul es prevail s.

The rul es governing the
NOR-l ogic RS flip-fl op are
summa rized in the t rut h ta­
ble of Fig. 2(c), bu t let's go
over them brief ly:

1) If both i npu ts are
lOW, t hen t here is no
ch ange in the output state .

2) If both inputs are si­
multaneousl y HI GH , then
we have a disallowed state
and the outpu t cond ition is
unpred ictable.

3) If the set input is made
HI GH momentar il y, then
the output co ndi t ion is
Q= HIG H and NOT-Q ~

LOW.



Fig. 4. Two RS f1i~f1ops in a beck-to-trent configuration
const itute a mester-s teve (M-S) ffip-flop. This circuit aflows
only one output sta te change per clock putse.
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a re no inva lid o r d isallowed
sta tes in the clocked mode.
(b) It can cause the outputs
to complement . And (c), it
ca n provide non-clocked
o p e ra t io n (in som e IC
versio ns).

Fig. 6 shows one of sever­
al popular ways to rep re­
sent the I-K FF. In this case,
we see that it is a type-T FF
with feedba ck to the se t
and rese t inputs controlled
by a pair of two-input AND
gates. O ne input from each
ga te acce pts the feedbac k
lines, while the remaining
inputs of the gates a re used
to fo rm the I and K input s of
the FF, respec tively.

Fig. 6(b) shows the ci rcuit
symbo l for a I-K flip-flop.

Fig. 6. (a) Two A ND gates
and a t ype- T flip-flop com­
bine to form a J.K flip-flop.
(b) Several designa tio ns
(M C Lor Cp) are used to in­
dicate the clock input for a
J·K flip-flop. (e) When both
the preset and p reclear in­
puts are HIGH, a J-K flip­
flop is in the clocked mode.
The output depends on the
status of the Jand K inpu ts.
(d) D irect control of the J-K
flip-flop is accomplished by
using the preset and pre­
clear inputs.
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The type-T flip-flop func­
tions as a binary divider;
tha t is, the output signal has
a frequency that is one half
(l.e.. divided by 2) of the in­
put signal . The timing dia­
gra m for thi s circuit is
shown in Fig. 5(b). Note that
the Q output changes sta te
on ly on nega tive-go ing tran­
sit ions of the clock pulse.
At the fi rst nega tive tran si­
tion, the Q output wil l sna p
HI GH and remain HI GH un­
til the c lock inpu t sees an­
o ther nega t ive t ran sit ion.
This condition occurs at
pulse number 2, at which
time the Q output goes
l O W aga in. We have, there­
fore, binary d ivision of the
input frequency : One o ut­
put pu lse is produced for
each two input pulses.

There so m e ti m e s are
found differences in termi­
nal design at ions from o ne
text or spec sheet to anoth­
er . In Fig. 5(a), for example,
we have la be led the clock
input Me for m ain clock.
But it is likely that you a lso
will see T for toggle , or Cp
for clock.

o

J-K Flip-Flops

O ne of the most useful
an d per ha ps most common
forms of clocked FF s is the
I-K fli p-flo p. There are sev­
eral advantages to the typi­
cal J-K flip-f lop. (a ) There

Fig. 5. (a) A type-T, or toggle,
f lip-flop is obtained by add­
ing feedback connections to
a master-slave flip-flop . This
circuit acts as a b inary divid­
er. (b) For a togg le flip- flop, a
negative-going transition of
the clock results in a change
of the ou tput (Q) status.
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Additional Types
of Flip-Flops

Thus far we have co nsid­
e red two vers ions of the RS
flip-flop (NAND logic and
NOR logic) and two f1 ip­
flops that are derivatives of
the RS c ircuits , the clocked
RS flip-flop and the master­
stave flip-flop. In the sec­
t io ns to follow, we will co n­
side r some more complex
types o f fl ip-flop: t ype-T FF,
J-K FF , and the t ype-D FF.

Type-T Flip-Flops

The type-T flip-flop (also
ca lled the toggle FF) is
shown in Fig. 5. This FF c ir­
cui t can be constructed by
provid ing feedback con­
nections (as shown) a round
an o rdi na ry maste r-slave
flip-flop. Recall that the
M-S FF was const ructed
from a pa ir of RS FFs and an
inverter stage. Note that the
Q output is fed back to the
reset input and the NOT-Q
output is fed back to the set
input.

put is lOW), changes at A
and B are not yet reflected
at the Q and NOT-Q out­
puts of FF2. But, once the
master clock goes HIGH
aga in, the clock input of
FF2 goes HI GH aga in. so
the changes that took p lace
on A and B can be t rans­
ferred to action at the Q
and NOT-Q outputs .

The sync hronization oc­
cu rs by keeping FF2 inac­
tive when the input stage
(FF1) is being se t up, and
then rendering FF1 inac tive
(fo rbidd ing further 5 and R
input cha nges from affec t­
ing the outpu t), while trans­
ferr ing the data to H2. This
part of the seq ue nce is
c a ll e d a loa d - tr a ns fe r
operatio n.

"
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Recal l that the clocked
RS flip-flop can change its
output state only when the
clock input is HIGH, and
then on ly in response to
co nd itions on the Rand S
inputs . In the M-S FF, the
main clock is kept HIGH , so
FF2 is ac tive and FF1 is
inact ive.

Master-Slave Flip-Flops

The use of clocking helps
a great dea l in taming the
RS fl ip-flop, but several
prob lems, aga in elec tro nic
ve rsions of the old relay­
race problem, still occur.
Most of these are solved by
using a slight ly diffe rent ap­
proach-the so-ca ll ed mas­
ter-slave flip-flop . An exam­
ple of the master-slave FF is
shown in Fig. 4. This circuit
allows o nly one output
state change per clock
pulse (t he clocked RS FF al­
lows cont i nuo us output
sta te changes as long as the
clock input is active).

The M-$ Hip-flop of Fig , 4
uses the clocked RS flip­
flops of the previous exam­
ple connected in cascade ,
The inverter shown a llows
us to d rive the clock inputs
of the two clocked RS FFs
out of phase with eac h
othe r.

When a clock pulse is ap­
plied (in this case a nega tive
transition), FF1 will become
ac tive , and FFl becomes in­
active. Note that the effect
of the inverte r is to mak e
t he clock input of FF1
HI GH at this time . Any
comma nds placed on the 5
and R inputs will cause
cha nges in the ou tputs of
FF1 [i.e., poi nts A and B in
Fig. 4)

But. because FF2 is inac­
tive at thi s time (its clock in-
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a) W hen the f irst cl ock
pu lse arrives (T1-T2), the D
input is LO W , so the Q out­
pu t also wi l l be LOW.

b} D u r in g t he interv al
T2-13, the D in put goes
HI GH , but since no clock
pu lse is present , it cannot
affect the output cond i­
t ions,

c) At the beginn ing of in­
terva l 13-T4, c lock pu lse
number 2 is HI GH, but the
D input is LO W . The output,
there fo re, must remain
LOW

dlApproximately m idway
through clock pulse 2, how­
ever, the D input goes
H IG H, forci ng the Q output
to also go HIGH .

e) The Q output stays
HI GH even after clock
pulse 2 goes LOW.

f) At the onset of clock
pulse nu mber 3, the D input
is LOW, so the Q output
drops LOW also.

g) The pu lse on the D in­
pu t d u ri ng t he in te rva l
T6-T7 ca nnot affect the Q
output because the clock is
LOW.

The so-called data latch
device is a specia l case of
the type-D f lip-flop. Thi s de­
vice is used in digital-read­
out circuits (e.g., in frequen­
cy counters) to hold current
data until the new data has
been updated and is ready
for d isp lay. This gives the il­
lusion t hat the data is up­
dated instantaneo usly . In
most cases, the clock input
is called a strobe input .
Data at the D input w ill be
t ransferred to the Q output
only w hen t he strobe line is
H IGH. The idea is to bring
the strobe line momenta rily
H IG H when the data at the
input is va lid, and t hen let
the strobe line go LOW
again until the next newest
data is ready .

And Now . . .

The thi rd and final part
of this series, to be pub­
lished next , w ill al low you
to wade into dig ita l elec­
tronics up past you r knees.
The topics will be t he most
common multivibrator and
counter ci rcuits.•
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T he equivalent circuit
consists of a clocked RS FF
in which the set and reset
inputs are fed by the same
signa l but are 180 degrees
out of phase with each
other Ii.e.. complementary
inputs). A n invert er be­
tween the 5 and R l ines ac­
complishes th is neat trick.

The common line to
t he reset-set-i nverter IS

called the data or D in­
put instead of clock. Th is
in pu t is usually labeled
D on most schematics.

The rule for operation of
the type-D FF is ve ry simple:
Data appearing on the D in­
put will be transferred to
the Q output on ly when the
clock l ine is HI GH .

1) If the clock line is
H IGH, then t he output wil l
follow changes in the input
sig nal (i.e.. changes on the
D input). When t he D line
goes H IGH, t hen t he output
w ill go H IGH . Simi larly,
w hen the D line goes lOW,
then the outputs fol low by
also going LOW.

2) If t he c lock line is
LOW, then the output wil l
reta in t he last data that ex­
isted on the D input at the
instant t he clock line
dropped LO W .

These rules ca n also be
seen in the ti ming diagram
of Fig, 7(c). Read the de­
scription be low, keeping in
mind the two rules just
given.
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wi ll occur regard less of
changes at the J and K in­
puts, until one of these neg­
at ive-going clock pu lse
t ransit ions is seen. The out­
puts w ill then respond ac­
cording to the J-K input
conditions. The rules for
clocked operation are as
follows:

1). If both J and K are
LOW, then the FF is inert
and does nothing. No
changes will occur in the
outputs.

2) If J is LOW and K is
H IGH, then the clocking
w il l make Q LOW and NOT­
Q H IGH .

3) If J is HIGH and K is
l O W , then the clock pu lse
trans it ion makes Q HI GH
and NOT-Q LOW.

4) If both J and K are
H IGH, then the J-K FF be­
haves much like a tvpe-T
FF; cl ock ing complements
the outputs. This means
that negative-going clock­
pu lse transitions force the
outputs to go to the oppo­
site state. The output wave­
form of the J-K f lip-flop is
then ident ical to the output
waveform of the tvpe-T fl ip­
flo p given in Fig. S.

Type-D Flip-Flo p
The type-D or latch f lip­

flop is shown in Fig . 7. The
equivalent circuit is shown
in Fig. 7(a), while the usual
schematic symbol is shown
in Fig, 7(b).

Fig, 7. (a) The type-D flip-flop is a derivation of the RS FF. (b)
Symbol for a rype-D flip-ffop. (c) Data appearing on the 0
input is transferred to the Q output only when the clock line
is HIGH.

Not al l versions of the J-K
wil l have t he di rect-mode
inpu ts (preset and clear).
These inpu ts do, however,
m ake it a more usef u l d~
v ice. The preset input may
also be ca l led a direct-set
inpu t, and the preclear in­
put ca lled a direct-clear
in pu t.

Direct mode operation .
The operat ion of the J-K
flip- f lop in the di rect mode
is very simple, and it is inde­
pendent of cond itions ap­
plied to the J and K inputs.
The d irect mode is con­
t roll ed only by condit ions
on the preset and preclear
in pu t termina ls, and the
ru les are summarized in Fig.
6(d).

The direct mode inputs
are active when LO W , so
the on ly disa l lowed state
occurs w hen both are SI­

mul taneo usly LO W .
If t he preset in put is

lOW and the preclear input
is HI GH, then the outputs
immediately go to a condi­
t ion w here Q is H IGH and
NOT-Q is LO W .

If the preclear input is
made LO W and the preset
input is HI GH, then the out­
puts go to a state where Q is
LO W and NOT-Q is HIGH .

It is a general ru le, when
dealing with f lip-f lops of
any type, t hat set or preset
ope rations make the Q out­
put HI GH and the NOT-Q
o utput LOW, whi le clea r
and reset operations work
in just the opposite m an ner
(i.e., Q LOW and NOT-Q
HI GH).

If bot h preset and pre­
c lear inputs are made
HIGH, then the f lip-flop is
ready for normal clocked
ope ration.

Clocked operation.
W henever the preset and
p reclea r inputs (whe re
used) are simultaneously
HI GH, the J-K w il l operate
in the clocked mode. The
rules for c locked operation
are summarized in Fig. 6(c).

Like the type-T FF, the J-K
FF (in the clo cked mode) re­
sponds on the negative-go­
ing t ransit ion of the clock
pu lse. No output changes
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