
Stovase Elewent: Pip-4ops 
Te stke of a lateh or teip-ttop is saiteled by a clauge 
tn tte eoutrót put ts woweutayy chaye (s called 

a triazex, ad the trasit'en it cas es is Said to 
viger the ftip-flop 

a Atip-4op that s tri'gneret ewery tte tle pue 
4oes to te toic-1 leel 

3As loug as te pulse 'uput rewaaus at t's level, au 
chate in the ata inpuf wtl ehage the oukput od 
-tte state of tae latcl: 
5 wle ladeles re used for tie stovoye loeb a 

Serious drfriculty aY's ef . 
’The s tate tray 3tliohs of te (abeles stayt a Sool 

as tle clock pue chaues to tle lo9e-level. ’qhe ew Stoto of a lath appea Ys at te outout 
wtule te pule t still ohiie 



oulput rs counetel to tu tuputs af tlu lateler tlynl 
the coubtetioual reut: 

’1f the tupuks opplied to tie lateles elauçe slile ta clocle 
pulie & st:ill at tle log'c 1 leels the ateles wtl spand 
to ew values oud new oukput state mauy occer. o 

>Tae nejutk rs a cupredttalole situahion, s'u ce tle state 
of tle lateles may keep chaugig tor as loug as the clock 
pulse stys ot the ackie Ceet. 

’Because of tu's neliale operahon the oubpit ofe lotl 
Cannot be opplied d rectly or tlrouyh conbiastbal logie 
to the tnput ot the same er anotie lateh cslen att ba 
latehes ve triageved by a cou a Coumon clok Soure. 

Fup-flop civaub ave Coustructed tn Suela them operate pojp ovty len tle are part of a sgucubil 
ay as bo nale 

Respoue to posrtie lael 

Positive-edge reapese 
Negatieeje resone 

Cloee nespouse ein latch aud fap-flop 
-’ The podau cst, the. latch is ehat ct verports to o clasge 

�u tte evel of a clock pule 
’A positive.tevel respouse tu tlu eualoe tupe allotus 

clausu in the outpuk coleu te D iupt doupes lie 
le clode pulse stays at Coqic t: 

’ The lke4 to the peper, operabin of a up-flop 's Eo 
triggex it ouly during a s iqual brau si tio. 

fo 

’ G's cau be acesuplished by eliwiatry ta fedbak 
Petth tlat 's inlereut iu tu operaton ot tle segustial 
cYcut usie lables. 

5A rlock pule goes throigla too trausit brs : Arot o tol 
and the neturn trom to o. 

aud the wegakie trausibin as the negatie olse. 
’ Ghee are two way tlat a ath caun bÍ moditted 

to forM 

cYeAt tat euploys a'couion clot 



’Ouy is to e tuploy tw0 tatelhes, in a speual çogonta 
tuot i'solates te outpt of. th tep-tp ud preves 
tt fro belu a ffeted wule te tnput to thfipti 
i's chagug' 
Auotey cuay t to produte a tlip- op tliat tr'gers 

only duviny a stgval transitibn Geroy o to fyon o l or 
fron to o) 
aud 's d'sai 

syvoutzing Styual (clody 
aud i's d'saed duriu the rest of e clock pulse te 

lcdqe Ymgaved D Aiy -flop 
The costrutiou of a 0 ip-top Casisls ot tw0 D 

latche and au twiertey 

Clk 

Dlatel 
(waster Cala Aiastovlae 

’ae otorst lateh is called tla wastey ou the secend 
Es called slave. 

she cireut Sauples tees D iuput aud hau7es its output 
Qouly at the uegative odse of tee synchro nig cnf oY 
coutrliy cock (destquted as Clk). 

-’When te elo ek 's O, tlie output oftlu iweteri's te 
The slae tatelis euaded, aud tb output Q` equal 

-to tle wastey outpt . e was tey lateli is disaed 
because Clk=o. 

’ When 4he tupuf pulse chaues to te loq't- } leuel, the 
data frw tte eterual D put eve tyauusteyred 

to the waster output 
as tle 

3Hoeey, He slawe i's di's alded «s lout cs be clock euoiw 

at tte I Level, betause (ts euake iepet ts eal 

’ Awy lye iuthe iuput ahaes tle mastey ochpit at 
Y, lout anot affect tle slale, outpt 

to o 

wleu tlu elock plse eturns to o,tbe Master t deaabod 
aud t's solated trom tle Dupt. At tle saue tia, 
tee slae 's euabled ad.tle value ofy r's treusfoed 
to tue oubput Of tte flip-flop at Q. 

d duritle trsrbon of tle clo ck troy l to o 



Sue lbelavor of te waster -slaue flip-tlop deseihes tlat 
os tte oulput way 
atte clhauie iu tle outpat tb frggered by the ugabe 

edge oftte locle, ud 

owce, 

oCCCeY dun y tea clokei uqakie level. 
’Tae value tat ts produced af tla outpet of te fip-fuy 

rs tlee vele at uws stored cu tle waster sage. 
Cnediately betove tte negatte eaje octured : 



posttve -edze 

ts similay to te 

D. 

Ck 

(>) 

egatiedje 

Grap l't 
Sywloof foy 
dqe-tngawed o upfiop 

Syubot uset for (atla,except 
Aor tae yrowhead ee situlol ntrout of te. d 
totter Cle, desiy 

LL.t H. 
ves pon to tue cage trausittby of tle clok 
A buo ble outacde tle block adyacet to tle dyuanic ta eudicetoy desig uates a weqatiue edge tor bvgjery 

5Te absenie of a budole desgatey a pogibiie-ele yespouse 



Thi uos eceuoical aud etfiut up-f(op 
cousfnut ed iu -tits mawner t's the eage -trlggecd 
D tip-tHop be cause t vequtes sulles nubey 

-of gates. 
>Other ypes f tptops cau be cousbrucked by siug 

te o p-tlop aud eteral Logit 
’Vooo eup-tleps leis otdely wed tn te deugy of 

dgital syéuns ave tee JX aud T tipoftops T 

5 The civeuit di vawn of a Tk 4up-op Cobruitod 
it a D fup-flop oud otes 

K 

hutoeouwechi 

Cktlk 

Cireut diagr 
’ge J iuput sat: t.4ip-Hop iujut 

Tesets it to o, cud ulo oot, imputr ae evablel 
tta output is couulemeutef. 

Sets Pup 

’sus eau loe Verfled from the civ cit apoed 
to the D upuk : D D= Ja' +k'. 

Wh Jz laud K=o,0 =Q'+G=l, so tenert Clek 
edze sets tta output to t ’ wm T=o cud k=l,00, s0 kla hext loik edse gesets te oubput to o'. 

’Wben botth Je k = aud 0-tiu wext cloek esçe Couplees tye, eutput 5 Wheu lbath.Jle-=o, d D=Q te clock edge kae blee output uuelaued; 



T (toggle) ftip-f lop s a cotugleaauiy 
cud cau lbe elota'y od tyou a JK ip-top colay 
fupubs o nd K ane bied togetlsN 

ctk 

Wheu T=o (J=k=o),o bie edse does not chawg e output 

Biuary couters . 

T 

’he T fup- fop cau lbe doustrted url a Dttptap 
aud esesie-OR gate 

ie eyyowssios tor tte D iuput i's; 
DTOa -Ta'+T' 

Wh eo,0Q aud there ts no chaute iu tle 
eutput 

’TÍe qreplat syubol .toy ts thj-fop hasa I 

Chovaetent te Tables 

of a 
A bavo tfesate talle detthes ha logyeal prpertes 

f a fcptep by des eribring ie operatien tebulay its tu 

’hey desie tle hent sfale Ges, tle stafe tlat es uls 
ro a clok tausielon) as a fuuttob ,of the tiyputs a 

aud tle prereut state 
-> t) wefexs to tle preset slate (ie,tie stte prereut 

betoro to te ofplahinn, of a clok edge). 
> Qt+) is tlo ent state one clouk' end tle 



STle elok edge uput s wot ucluded utu chavatert. 
talb le, b ut is 'upied to occur betwe eu tes t o 

Gk Fip-tlop 
o ol 

k Qt+1) 
Qt) No chauge 

Reset 
Set 

Cowpleeut 

Charatevitttt Esuatious 
SA Eitlep 

Qt) 

Reset 

Set 

Noclauge 
Loe).Cowplast 

deseribed >The togical poperties of a #lip-tlof, as 
tu ttheliara ferjst'e table, cou be expressed 
algebra'tally ewitth a chava fenisht esuation 

’for 0 4ip-flop , Rtt+) =D,wre states tat the 

net state of te output oid be esued to tle 

valie ot uput tle pveseut state. 

FoyTK ttiptop, Qt+)= Ta'+k'a, colee e 

's tue Nale ot tte tip-flop output betore 
te aplicaftou et a cock edga 
for T p-tlop. Q(t+1)= TDQ=TQ'TQ 
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