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Flip-flops as Shift Registers
A shift register is a c ircuit thai takes data

(one or more His or LOs) and moves it from
one place 10 the next. Suppose there are 4
storage places. as in Figure 12 . When taking
the data from the slate of the 51 input . there is
a se r ial input shift registe r. When laking data
from the 4 PI inputs. the shift register ix
parallel input. II 's possible then to move data
from either MWTce 10 the right toward output
SO . the serial ou tput. It shows the latest data
afte r each clock pulse. The exper imenter can
also take the revised pattern of data from the
PO termina ls after each clock pulse . Thus. he
gets the abbreviat ions 5150 (serial in, serial
oun . SIPO (serial in , parallel out). PISO
(parallel in . se rial out) . and PIPO (parallel in.
parallel out) . somet imes seen in shift register
articles.

There arc nume rous en-In-one shift regis­
rcr chips. bUI these ICs have limited control
capabilities. To see all of the cont rols one can
exert on a shift register . conside r basic flip­
flops again. Jusl two 74HC74s can make a
shift register. as shown in Figure 13. Once an
experimenter has mastered the ways 10 con­
trol a shifl reg ister . he can select a more
compac t arrangement in a s ingle chip if the
application requ ires only a few of the con­
trols .

The seria l input goes to the data pin of the
left-most fl ip-flop. w hateve r value (HI or
La) appears here is shifled to the second
flip-flop whenever the clod line shifts from
La to HI. That value continues to shift right
wi th each clocki ng . s ince whatever appea rs
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on the D input appears at the Q output. wh ich
is connected to the next D input. The last Q
output represents a se rial output for the str ing
offlip- llops. Note also that it's possible 10 use
the - Q output for values opposite to the
original.

The bui lder can also set the flip-flops with a
parallel code. In Figure 13, LOs go wherever
needed . s ince the resistors hold the Clear
input HI in the rest state . Las on the clear li m.'
immediately show up as LOs at Q and His at
- Q. if beginn ing with the preset lines HI. In
this case. t ic the D inpul of the leftmost flip­
flop 10 the posiuve supply voltage. Reverse
this by holding the clear lines HI and impress­
ing Las on the preset lines (which would be
HI at rest with pull-up resi stors) . A LO on
preset appears as a HI at Q . and a LO at - Q.
For this alte rnative . ground the D input o f the
leftmost I1ip-tlop. Once the Flip-flops a re se t.
remove the LOs from the inputs. In other
wcrds. only a brief pul se a t each flip-flop

input line is needed to ente r the parallel code .
For these e xperiments , if rnc ci rcuit is wired
as in Figure 13. use a jumper 10 ground the
clea r line and then remove the jumper. Using
the clear line removes the worry about de­
bouncing the pulse.

Once a LO hits the d ear input . the Q and
- Q outputs change and stay changed unt il
further input. As a stan , place a LO on just
the leftmost C lear tnpur and watch it move
a long as the clock pulses proceed .

Once having ente red the parallel code. it' s
possible 10 shift il right with a clocking pulse.
j ust as was dune in serial shift ing. In fact. the
e xperimenter can take the parallel code out
the right end of the reg ister in se rial order.
using either the Q or - Q output. Be sure that
the first clement desired is entered into the
r ightmost Flip-flop and the last element de­
s ired is ente red into the lcftruost Ihp-flop . In a
practical circuit . this operat ion requi res a
t iming pattern consist ing of a period of lime

Figu,~ /2. Bastej1i~j1np Jhift "' gina.
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Fi!lure /4. Basic fli p-flop am/roller circuits.

Fi~urr / 5. A praetiw/flip-flop controller fo r a FIFO circuit.
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control will invol ve a short- term operation
turned on by the Q or - Q va lues. Note that
the data input ho lds a constant value which­
if clocked through to the Q and - Q ou tputs­
would d isable the ope ration. The applications
requires a LO -to- HI transition from the oper­
ation that marks the completion of its work .
(Of cou rse, one can use a HI-to-LO transition
by inserting an inverter in the line .] With the
right transition, feedi ng il the clock input will
shut down everything . For example , a build­
er might usc the output of the shift register
detector to signal when it was empty and shut
down data code processing operat ions. The
key points , aga in , are separate sources for
sia n and stop signals and a constant value for
the data input.

Figure 15 operates by similar principles,
bul in reve rse o rder . Whene ver the source
has anything to pass on, it sends a LO-to- HI
clocking transit ion. This passes on a HI from
the 0 input to the Q output, where it signals a
processing chip to accept the data. If the pro­
cessor ca nnot accept the data, perhaps be­
cause it is full , il sends a LO to the flip-flop
clear inpu t, which overrides the clocking and
holds the Q output LO. This contro ller forces
a repetition of the dat a entry , because the
flip-flop ignores the clock as long as the pro­
cessor is not ready for val ues to process. The
user may the n employ this circuit to control
the input of a storage buffer that follows a
keyboard . When the buffer is full or not
ready , a keypress will produce nothing ,

A variation o n these circuits appears in
Figu re 16 . In th is circuit. the tester lies the
data and clear lines togethe r and feeds them
values. When the input value is LO. the clear
line forces Q 10 be LO and - Q to be HI.
When the inpul value goes HI , no change
appears at Q arxl - Q. However, 0 is now
HI. When a clock LO-to-HI transition oc­
curs, Q goes HI and - Q goes LO . This

Figurr 17, Comparalil'r piflOUlJ for tM 74HC74
and thr 4013.
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derecnon circuits. Of course, if the regi ster
set init ia lly with a code entry through the
preset lines, making the clear line LO will
force all the Q OUlpUIS LO, thus clearing the
regi ster in thai mode of operation.

Given all these control possibi lities , the
user shou ld probably stall any register design
on paper with indiv id ual fl ip-flops. Once
ha ving determined all the control needs, he
then can look through the da ta books to see of
there is a more compact shift register that
provides what he needs with fewer chips and
connections. The user can always go back to
basics if he finds that a certain control will
co me in handy .

Among the 74 HCOO-series ICs, there are
numerous single pack age shift registers . The
74HC I94 and -195 have 4-bit parallel inputs
and outputs. but the 194 adds a serial input.
The 74 HC I64 through -166, along with the
-594, -595 , -597, -598, -299 , and -323 offer
8-bit shift regi sters in various configurations
of serial and/or paralle l inputs and serial or
pa rallel outputs , with some lim ited co ntrols
that include tri -state outputs.

. 1ip-nops as Controllers

The basic flip-flop switch debouncing cir­
cu it in Figu re 4 gave the most funda mental
flip-llop control. Thai applicat ion didn ' t re­
quire data and clock inputs, However, for
some types of control needs , those inputs
come in handy .

Figure 14 shows o ne kind of control in tw o
ve rs ions. Here a short enable pu lse enters the
preset or clear input to set Q arxl - Q. T he

to enter the paralle l code and then fou r clock
pulses 10 re move it serially . For these ex pe rt­
mcnts. the manual pulser can move the code
one step at a time and examine the results
during these steps .

Why no( ta ke the outputs in pa rallel fashion
from e ither the set of Q outputs or rne set of
- Q outputs? This allows some interesting
possibilit ies. For e xample, if the register had
8 fhp-Ilops, a user could e nter an 8-bil code.
Then he cou ld usc the rightmost four Q out­
puts 10 getthe fi rst fou r bits. clock four limes,
and lake the last four bits from the rightmost
outputs . Another applica tion might usc gates
lied to each Q ou tput 10 form a detector, such
as Ihe LEO detecto r shown in Figure 13. If
any flip-flop ho lds a LO from the clear Inpu t,
the n the cloc k keeps operating. When eve ry
flip -flop holds a HI (due to the HI on the
leftmost 0 input. which fills in behind the
shift ing LO s), Ihe detecto r migh t do some­
thing mo re than extinguish the LED. It might
shut off the clock , preparing the register for a
new code entry. This sche me would he appli ­
ca ble 10 both serial and pa rallel output uses .

Suppose a user wa nts to clea r the register
before it had gone through all its shift ing
cycles. In Figure 13, I made sure all the
preset lines were HI so rhat thc register would
SCi properly usin g LOs 10 the clear lines and
used only a brief ser o f pulses to the clear
inputs. Selling the preset lines LO pu ts all the
Q outputs 10 HI. With the detector just men­
tioned , the dock would stop, and the register
would be ready fo r a new code entry . This
type of abort operat ion may be handy in error
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Figure 19 Basic Jatc'h circuil usil1MNAND g(JIrs.

Fi~ure 20. Test lurch circuit using the 74HC75.
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Latches

T he Il ip-flop is useful because a use r ca n
latch into the outputs values that appear o nly
briefly at the inputs . The feedback sho wn in
the basic flip-flop is the key to latching . The re
are a lso spccia l lCs ca lled latches . Although
associated with flip- flops, they are not true
flip-flops . Ho wever , latc hes do use a feed ­
back loop with pass/block gates to freeze the
state o f a gate whenever the Enable line is set
properly . Latches tend to use a slight ly d iffe r ­
e m vocabulary from flip-flops . so here a rc
some lessons o n how to use latches effective­
ly in c ircu its.

Every time the use r docks a data va lue to
Q and - Q with a D-typc flip-flop, he has
latched that value . Wi thout the dock pulse ,
he block it from passing to the flip-flop out­
put. Latch chips o perate in the re verse man­
ner. In an unlatched condit ion. they pass the
input value to the output instantly . Only .....hen
plac ing the correct value o n the latc h or en­
ab le terminal is it possible to ho ld the output
at the value last received . Remember. the
va lue must reach the input before it can be
latched .

The exper imente r ca n build a basic latch
from a single NAND c hip, like the 74HCOO.
Figure 19 shows how . Gale I looks like the
simple pass/block gate used earlier in Figure
3. When the e nable line is LO ,the gate output
is HI. but when the enable line is HI, the
signal on its o the r input line passes (inverted]
to gate 2. With e nable HI. the inverte r (Gale
3) passes a LO 10 o ne input o f gate a , That LO
forces gate 4 to a HI output , which shows up

Figure 21. !.A /rh ("on/rotfor " wmory ilrput signets.

package , with each flip-fl op independent .
Some packages, such as the 74HC175 quad
Dctypc and the 74HC78 dual J -K-type , have
common cloc k lines. D-typc flip-fl o ps come
4 , 6 , and 8 to a package , but some have
commo n clear lines and lack the - Q output.
How compact the experimenter can make his
d ivider. shift reg ister, o r co nt roller may de­
pend o n j ust .....hat input a nd output lines he
wams.
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5 . A reset HI fo rces Q to LO and - Q to HI ,
when set is LO.
6 . Never make set and reset HI at the same
ume.
Note that the 4013 uses the terms set and reset
rather than preset and clea r to mark the diffe r­
ence in conditions that actively fo rce val ues
o n Q and - Q. Also note that the pinout
d iffers from the 74HC74 .

The 74 HC76 is a J-K flip-flop , meaning
that it has two data input terminals . as shown
in Figure 18 . IL~ rules look so meth ing like
th is :
I . The clock requires a HI -to -LO transition .
2. If J is HI a nd K is LO, then a clock transi ­
t ion will yield Q as HI and - Q as LO, if both
preset and clea r a re HI.
3. If J is LO and K is HI , then a clock transi­
t ion will y ield Q as LO and - Q as HI . if both
preset and clear are HI .
4 . If J and K a re both HI , then dock t ransition
will fo rce Q a nd - Q to toggle or reverse the ir
values , ifbot h preset and clear a rc HI .
5 . P reset a nd clear input LOs override J and
K data d ocking.
6 . A preset LO forcesQto HI and - Q to LO,
when d ear is HI .
7 . A d ear LO forces Q to LO and - Q to HI ,
when preset is HI.
8 . Never make preset and clear LO at the
same time .

The 74 HC76 uses a dock tra nsit ion oppo­
site that o f the other two flip-flops featured
here . The J a nd K data inputs offer the possi­
bility o f a two-line cont roll ing ci rc uit , as well
as the potential for d ividing by two by tying
both J and K to the positive supply li ne and
feed ing the eariler 7555 astable output to the
dock input. Every va r iat io n among the many
available fl ip-flops o ffe rs new possibilitie s .

In fact , one manufacturer ' s data book lists
II Ootype fl ip-flops a nd e ight J -K-type fl ip­
flops . The o nes looked at come two to a
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Figu,~ /8. P;lIOUlf"rlh~ 74HC76 J. Kjlip-jlop.

c ircuit is useful for controlling operations
whenever the user wants 10 keep the o pera­
tion going after an input (data and clear) value
changes. bUI he doe sn 't want it to co ntinue
indefinitel y. For example. he may feed the
data and dear inpu ts regula r pulses that a re
delayed farther do wn the line. The dock in­
put may be the delayed pulse. Thus . Q o r - Q
might enable a certa in process from the be­
g inning of the regular pul se through the e nd
of the delayed pul se.

These three circui ts add co ns iderable co n­
tro l versatil ity 10 the simple debounced
switch in Figure a. In most cases, a user will
use signals inside his ci rcuit s rather tha n man­
ua l pctscrs to control operations . Good prac­
tice will let the c ircu its control themse lves
where ver possible.

A M aller of Rules

Mastering any of these a pplicat io ns of flip­
fl ops requires only keeping track of the c hip's
operat ing rules a nd prio ritie s . For the
74HC74 , the rules a re straightforward:

I . T he c lock req uires a Lo-to-Hl rra ns uion .
2. On a clock transition . whatever value D
has appears at Q , and its opposite at - Q , if
both preset and clear are HI.
3. Preset a nd clear inpu t LOs override data
clocking.
4 . A preset LO fo rces Qto HI and - Q to LO.
when clear is HI.
5 . A clear LO for ces Q to LO and - Q to HI ,
when preset is HI.
6. Never make preset a nd clea r LO at the
samct ime .

These ru les tell what the possibilities a rc fo r
the flip-flop . lr's up to the user's imaginat io n
o n what to do with these possibi liti es .

Other fl ip-fl ops have sim ila r , but slig htly
d ifferent ru les . The following two examples
arc for the CMOS CD4000-series D-type
fl ip -flo p a nd the J -K fl ip-flop fro m the
74HCOO-se ries .

The C D4013 D ctypc flip-flop. shown in
Figure 17, obeys the following ru les :
I . The clock requ ires a LO-to-HI transition.
2. Whatever va lue D has appears at Q , and its
opposite at - Q . o n a cloc k transition , if both
set and reset are LO.
3. Set a nd reset input His o verride data clock­
mg .
4 . A set HI forces Q to HI a nd - Q to LO,
when reset is LO.
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on the other input of gate 2 , w hich in turn
allows gate 2 10 pass (and re-invert] the signal
from gate I . Under this cond ition, the output
line Q looks just like the data input. When the
enable input goes LO, the inverter puts a HI
on one input of gate 4 , allowi ng the gale 10
pass the signal fed bad from the output o f
gale 2. This ou tput will be whatever value
gale 2 had when the enable line went LO,
since that same LO now blocks signals from
passing through gale I , The gate I output
stays HI , allow ing gale 2 10 pass the static
signal circulat ing in the loop from gate 2 to
gate 4 . The user retains the output value o f
gale 2 as long as he holds the enable line LO .
The condi tion oft hc circu it shows itsel f in the
LEDs in Figure 19 as he catches and holds
signals with the mec hanica l switch in the en­
able line .

He can build most of Ihe circuitry of a latch
directly on the IC chip, using only enable and
data inputs, along with direct Q (and so me­
times inverted - Q) outputs. Th is allo ws
many latches on a single l4-pin or l6-p in Ie.
Figure 20 shows a latch circu it using the
74 HC75 quad latch. The data input value
appears at Q (and its opposite at - Q ) so long
as the latch input line is HI. When he br ings
the latch inpu t LO , the Q and - Q outputs
remain constant at the level of the last input
value. regardless o f date input changes. Us­
ing the astab le pulser as a data source . the lest
latch uses the sa me mec hanical switch 10

catch and latch the ou tput before a pulse
changes levels.

Latches are useful wherever the user wish­
es to hold a value tcmpo ra rily . Figure 2 1
shows a simplified schematic of a set of latch­
es receiving data in short pulses. However,
the latches feed a memory chip thai requires a
relatively long lime to write the data into its
ce lls. (He re. short may mean 10 to 20
nanoseconds. while long means 200 to 300
nanoseconds. They are both short, but the
difference is a ratio of ten-to-onc.) If he ca n
signal the enable line before the data di sap­
pea rs and hold ir La until Ihe memory has
fin ished ...... riting , the proper data will be
present at the memory inputs throughout the
write cycle.

" It pays to master the
flip-flop for its
versatility. "

Latches come in many packages for many
purposes. Eight-bit (or octal) latches. such as
the 74 HC373 . are useful fo r capturing com­
purer and other kinds o f parallel codes that do
not last long . These latches usually have only
the Q output. Once latched , a memory chip or
other kind o f processor can lake the time it
needs 10 do its job. Such chips usually have
only one or two latch enable inputs 10 control
all the latches simultaneously . when scan-

ning data books in search o f the right latch. be
sure III read the rules . Most require a La to
latch . hut some (suc h as the 74HC45 I I
Latch /Decoder/Driver) need a HI or a LO-to­
HI transition. The experimenter may find the
latch input called Latch . Enable . Control, or
G . Newer chips have tri- state outputs for use
on buss lines. so be sure 10 distinguish the
latch control from the ou tput enable or con­
trolline . One convent ion call s the ou tput con­
trol OE if it requires a HI for output enahle
and 0 0 if it requires a HI for output d isable .

The re are many other chips that use flip­
flop and related ci rcuitry. usually in conjunc­
tion ..... irh gates to perform specialized func­
tion . I have noted the 74HC45 I l . which
latches a count. transfo rms it into signals for a
7-segme nt di splay . and provides enough
drive to light the LED segments. Man}' data
books show representations of inte rnal ci r­
cuits reduced 10 the level of gales and flip­
fl ops. lf the digital gate is the most fundarncn­
lal internal Ie ci rcuit . the fl ip-flop is surely
second. BUI remember that at heart a flip-flop
is just a spec ial arrangement of gales.

It pays to master the flip-flop for its ver­
sat ility. And it pays to keep a data book handy
when designing d igital circuits. At today' s
prices. manufactu rer' s data boo ks arc a bar­
gai n. whether the tinkerer majors in LS-TTL.
C MOS. o r high speed C MOS. Once having
learned how to decipher the rules for a part ic­
ular flip-flop. the IC offers a large array of
useful circuits and an unending source of
experiments ..m
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