FLIP FLOPS

THE YTLIP FLOP WAS INTRODUCED IN.FRAMES |7 TOo 2] AND

“THEY SHOWED HOW A NOR GATE & NAND GATE CouLD BE
WIRED TO PRODUCE A ¥Li2 ¥L0P,

ATLIPSLoP 18 AN IMOCRTANT EUI OING BLOCK, AS IT !S A RBRASIC
STORAKRGE CELL — 1T HRS A MEMORY,

IN THIS SECTION WE WILL EXTEND FTLIP FLOP THEORY AND
INTRODUCE SPECIALIZED TYPES OF TLIP- YLOPS .

A FLIP YLOP CfN BE MADE TROM 2 NAND GHRTES OR

4 NOR GHTES
TIRSTLY WE WiLL DiScUSS THE NAND GARTE FLIP YLO

| s R oy
“THIS IS CALLED

T SOOI S COUP LINGE —

| ' —RQ
3:1&
5 o oo A R-S FLIPFLOP

NAND YLIP YLOP

THE 2 GATES RRE WIRED SO THATE.-. -+ QUTAUT TEEDS INTO ONE INPUT
OF THE OPPOSITE GATE .

“THE INPUT & QUTPUT LINES ARE IDENTIVIED WITH LETTERS :

S=SET \ 2 OTHER wAYS oF DRAWING
et y Q =NORMAL QUTAUT A TLIP YLOP:

R=ReseT | 2 > ] Q = COMPLEMENT
—_—
S

A FLIP-FLOP HAS ONLY 2 STABLE STATES] 2. —

l. GATE 4 o~: GATE 2 OFF.
2. GHTE 1 OFF : GATE 2 ON.

DURING THESE STATES THE TLIP FLOP 1S
CAPABLE OF STORING A PIECE OF RINARY INFORMATION .

Sl T
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IN ONE OF THE STRTES THE TLIP FLoP WiLL STORE A BINARY 4 & IN THE
OTUER STATE T WILL STORE B BINARY Q. MWILL HOLD THIS INFORMATION
RS LONG AS THE POWER !5 RPPLIED To THE AND GRTES.

THE SIMPLEST TYPEOF TLIPFLOP IS Tue LRATCH . WE WiLL DRAW
“THE LATCH WITH THE CROSS- COQUPLING LINES To SHOwW How BoTw
GHTES ARE INTER-CONNECTED, ‘

TTHE LATCH HAS 2 INPUTS, LABELED

i Q 5 foR SET &RFOR RESET, “THE S INPUT
1 IS USED TO SET THE LATCH & THUS

| /J SToRE A BINARY 1, IN THE YL19 TLOP.

e R INPYT IS USED 1o QESET THE
TLIP TL0P &THUS STORE A BINARY 0.

R B%j " THESE LETTERS GWE THE FLIPTI00 1TSS

i s S e 2
MOST COMMON NAME ¢
RS YLIP FLOP [FoR RESET-SET Fup FLOP |

ASIMpLE LATCH.

THe outpuT ARE LABELED Q&R (Q-8AR 0R Q CoMpLEmenT) AND
RETER TO THE NORMAL OUWUTQ(Q)Qﬂr(uo THE wmgp_smw ouTPUT (Q)

“THE VALVE STORED IN THE FLIP FLOP IS GWEN RY THE READING ON
THE NORMAL OUTPUT.

THE Q 15 AN DUT-OF -PHASE VALUE & 1S USED WHEN DESIGNING
COMPLEX LOG!C DIARGRAMS. IT CAN, HOWEVER, BRE USED TO
DETERMINE THE STATE ©F THE TP YLOP:
\T & IS HigH ((RINARY {) THE FLIP FLOP 1S RESET,
IFQ 1S Low [ BRINARYO) THE FLIP SloP 1S SET.

NAND
“THE MAIN FEATURE OY A NAND GATE 18 THIS!
 THE OUTPUT GOES LOwW WHEN BOTH INPUTS INPUTS | OUTPUT
ARE HIGH. THIS MEANS THE Low 1S THE
CONTROLLING INFLUENCE ToRk A NAND GATE 0 0 |
%\P TLOP AND E_?_CH GATE REQUIRES A Ldow c') | |
- RITS STATE TOo CHANGE . Q |
i A It \ 4 l ! 0
YROM THE ARTICLE ON  BUBRARLES WE CAN
REDRAW THE NAND GATE FLIP YLOP RS
DUAL NEGATED INPUT OR GATES
s ANY AN RBEY
Q " THis RuRBLE

INDICATES THE GATE
IS ACTWE WHEN THE
INPUT LINE 1S Low/.

THS Wit HIGHLIGHT THE YACT T HAT A Low 1S REQUIRED TO CHANGE THE
STATE OF A NAND GATE R-S YLIP FLOP _ _

58 TALKING ELECTRONICS No. 11



A Low ON THE S INPUT WiLL SET THE FLIP FLOP.
B HIGH ON THE S INPUT WwitL DO NOTHING AS THE INPUT 1S ONLY

ACTWATED BY A Low GNAL (THAT 1S A SIGNAL CHANGING
YRoM A HigH VALUE T A LOW VALUE

A LOW ON THE RESET LINE WILL RESET THE YLIP YLoP & THIS

LINE CANNOT SET THE VLIPFLOP BY GOING HISH. ONLY LOwWS ACTiVATE
THE VLiP FLOP

THE YOLLOW NG DIAGRAM THows HOw THE YLIPYLOP RESPONOS 'TO
TTRE INPUT PULSES: THE YLIPFLOP IS INIMALLY SET (IN OTHER WORDS
IT 1S PRODUCING A HigH ON oUTeuT Q).

S ‘ HGH
| ] S g A .~ |H

- d i, R

Higw
Low

4 ,,_ﬁ_z_'%OmPLETE THE Eﬁ WAHVEFORM.,

THE YLIPFLOP IS INFALLY SET2 THE LOw ON THE RESET LINE g1 A RESETS
“THE F-F. THIS ConpiTion CONTINUES UNTIL THE QET PULSE 19

RECEWED TO SET THE §-F. RESET PULSE C RESETS THE F-F & PULSE D
HAS NO EFFECT AS ITIS ALSO A RESET PULSE. PULSE E SETS THe F-F
&PULSE ¥ 'S ALSO A SET PULSE AND DOES NOT HLTER THE v-T. PULSE &
RESETS THE T-F ONDO PLLSE # SETS T AGAIN. YINALLY PLSE K RESETS T -F.

THIS SIMPLE TYPE OF TLIP FLOP SUFFERS TROM ONVE TYPE OF
PROBLEM WHICH WE HAVE NOT SHOWN IN THE AROVE DIAGRAM.

YoLow THROVGH THESE DI1AGRAMS AND [EE THIS LIMITATION !

@ TAKE BOTH SET
“TAKE THE SETINPUT LOW & RESET INPUTS LOW

o I

THE INPUTS ARE NORMALLY
HIGH & WE HAvVE
ASIVMED THE fLIP
TLOP IS INTHE

RESET STATE YLIP FLOP 4 1S SET AND ROTH QUTPUTS GO HIGH ’
THE NOMAL QUTPUT 1S HIGH. o
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I¥ BOTH INPUTS ARE TAKEN LOW, THE ou—wu-ri-al PRODUCE A HIGHLY

UNOESIRABLE CONDITION. THEY BOTH BECoME HIGH! WE LOSE OUR
FEATURE OF Q& Q BEING COMPLEMENTARY & WE MUST INTRODUCE
MEASVRES To AVOID THIS SITUATION.

. ADDED
THIS THIRD CONDITION !5 CALLED "LIMBO & ONE. S INVERTE R,
METHOD OF ELIMINATING IT !S To PLACE RAIV el |
INVERTER, ON ONE OF THE QUTPUTS TH!S l—i
ENSURES THE Q & Q Wikl BE COMPLEMENTARY

EVEN WHEN B0TH INPUTS GO LOW. = MR
THE \NVERTER CAN BE ADDED TO E£ITHER, R E)__\L Q
Q o%k Q OUTPUT WITH THE SAME RESULT. s 3

SUMMARY OF "THE NAND LATCH —ALS0 R-S TLIP FLOP

INPUTS 0VTPUTS

SET | RESET| A Q

| — PROHIBITED OR,

0 Qs | 1= Z£i1M80 conOITION
THIS 1S A Low.
To THE SET LINE 0 | | 0 [ — SET WONDITIoN
THiIS 15 A LOW | 0 0 | | — ReSET CoNOITION
T0 T RESET LINE. -
| | ¥ X THE K MEANS E1THER,

SET R RESET & THE
X MEANS RESET OR SET.

= e B

A SECOND TYPe ofF R-S FLIP FLOP CAN BE CONSTRUCTED WITH NOR
GATES, | TOPERATES IN A SIMILAR MANNER, EXCEPT THAT IT REQVIRES
A HIGH ONTHE SET OR RESET LINES T0 CHANGE THE STATE OF THE
YLIP YLOP, NOR,

INWTS | OUTPUT
0 0
(o /]

I 0
1

00—

TRUTH TABLE -NOR. GRTE

A NOR-GATE LATCH.

THE FIRST POINT TO NOTE 1S THE LAREL ING OF THE R&S LINES, THEY ARE IN
REVERSE TO THE NAND FLIP TLOP. IN THE NOR LATCH B HIGH ON THE SET LINE
WiLL PRODUCE A HIGH ON THE Q oUTPUT. A HIGH ON THE RESET LINE
WILL PRODUCE A LOW ON THE Q OUTPUT.
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NOR LATCH oUTPUT WAVE FORMS ¥
BT TT 2 5 T o
INPUTS ¥ K
R [1 RN | 0 O

¥ ¥ — SEE TEXT gerLow/
o Hiet

Q
Q ~

e s ssnn

XX Hig#

cn—lcoH4cO

K THE TWo PULSES OCCUR On THE SET& RESET LINES AT THE SAME
“TiME . THE RESULT 1S THE Q& § OUTPUTS Go LW AT THE SAME
TIME ToO PRODVCE. THE UNWANTE D RESOLT WE DISSSED
PREVIOUSLY. THIS IS THE ONE LimiTATION OF THE R-S LATCH
& |INTRODUCES THE NEED FToR AN IMPROVED ALATCH ,

XX THE UNWANTED STATE ABOVE 1§ SHOWN N THE OUTPUT BY X .
AFTER THE SET& RESET PULSES GO LOwW TOGETHER , i RACE OCCLURS IN

THE FLIP FLOP FoR THE FIRST OUTPUT To G0 HIGH. THIS CooLD BE
EXTHER THE NORMAL O0R COMPLEMENTARY OUTPUT. THIS UNKNOWN
STATE AN BE CLEARED VP RY PROVIOING A SET PLLSE OR
RESET PULSE, ATTER WHICH THE LATCH YUNCTIONS PREDICTARLY.

(@) THe NOR LATCH CAN START LP IN ANY
STATE WHEN BOTH INPUTS ARE LOW,
— ASSUME IT STARTS UP RESET.

A RESET PULSE (HiGH) WILL RESET
THE FLIP YLOP.

0 Q

The *0's & '
ARE HIGHS &
LZoWS,

(5) I¥ THE RESET PULSE REMAINS & A
| SET PULSE 1S APPLIED |
@ Al SET PULSE WILL SET THE FLIP FLOP:

g 15 me o BoTH OUTPUTS

GoLow |

@ REMOVING THE SET PULSE WILL NOT © I¥ govn S2R pULSES-?'RE R&:g.“:
] 0 I AFFECT THE F-F { R0 ? 22?‘5 EXISTS
0 BECAUEE THE P TOR THE VIRST
TEEDRACK TROM 5 OUTPUT T0 GO
11 0 THEQOUTPUT : HIGH - &
0 ThKES OVER, WITH, S_ 0

RHIGH INTO ¥-F # 2, EITHER CANGO HIGH,

TALKING ELECTRONICS No. 11 61



SUMMARY OF THE NOR LATcH (R-3 FLIP FLoP)

A HIGH ON THE RESET
LINE

A HIGHON THE
ET LINE.

INPUTS 0UT PUTS
SET [RESET [ Q Q
e __ E)THER QET ok
0 0O X | X RESET
0 [ 0 | — RESET CONDITION
| 0 | O |— SET CONDITION
— UNDESIRARBLE
| | 0 O CONDITION .

DEBOUNCING A SWITCH

CONTACLTS.

*Vc,
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THE NAND & NOR- LATCHES CAN BE SUCCESSTULLY USED AS DEBOQUNCE
CURCVITS FOR MECHANICAL SBWITCHES. THE IMPORTANT FERTURE

OF THESE CIRCUITS 1D THE TACT THAT THEY DO NOT CHANGE
STATE WHEN THE SWITCH 1S DPENED RUT ONLY ON CLOSING THE

NEITHER, DOES IT CHANGE STATE ON RE-CLOSING THE CoNnTACLTS
RACK. TO THE SAME GATE .

NOR LATCH — (co4001)

NAND £ATCH — (hco 4on)




