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Abstract
The analysis and design of a 100% and 87.5% higloymeance and efficient memory element (Flip-Flop)

capable of being selected for the purpose of rgaffiom and writing into it, is of crucial importa@dn modern
digital applications such as the Very large Scalegrated circuits (VLSI). The optimization of exig structures is
necessary when the requirement of the flip-flop$oislow-power, high-speed or low-noise applicatomn this
paper, the optimization of the existing flip-flogSR and JK) is investigated to ascertain theirizatilon rate.
Detailed analysis of a proposed (XY flip-flop agemsions of conventional JK-Flip Flops) structigearried out to
prove whether 100% and 87.5% utilization can beeagll as against the existing, most widely used-liK+lops
that has 75% ultilization rate. This paper also wmisd the use of the proposed (extensions of cuioreal JK—
Flip-flops) in other digital device applicationscéuas sequence detectors.

Keywords: Sequential logic (Bistable Multivibrator), Fliggps, Logic optimization (K-Map),
Sequence Detector, Memory Element, Extension ofv€ational JK-Flip Flops

Introduction

Flip Flops are important digital electronic devit¢kat have found very many uses in the developmiecomputer
systems. Flip Flops are electronically referredat Bistable Multivibrators (BMs) which are configdr with two
appropriately biased transistors that are conndude#-to-back to produce two stable state outptis. detailed electronic
circuitry of BMs is not the purpose of this papEhe digital counterpart is built up by using digjigates rather than using
discrete electronic elements (Transistors, Resistdapacitors, etc) which is the approach this pafleadopt to present
the analysis and design of Flip Flops.

Four types of Flip Flops are currently in the marldesign of which has been established many yeack. A
close study of the design reveals that there igchlhs only one type of Flip Flop referred to as-ERp Flop. The other
three types are derived from this basic one. Thexamined in details in section 2 of this paper.

SR-Flip Flops
SR-Flip Flops have four binary combinations. Beeaofthe sequential nature of Flip Flops (feedbafik)each
combination, there are eight transition stateshasva in Table 1.

Table 1: Truth Table of SR-Flip Flop
NOR Configuration NAND Configuration
S| R| Q| Qu1 | Transition S| R| Q | Qnt | Transition
State State
0/0| O 0 Resting 0 0 Q@ d Forbiddgn
00| 1 1 Resting 0 0 1 d Forbiddgn
0|1| 0 0 Active o 1] O 1 Active
01| 1 0 Active o 1] 1 1 Active
110] 0 1 Active 1 0 O 0 Active
110 1 1 Active 1 0 1 0 Active
111] 0 D Forbidden 1 1 (¢ 0 Resting
1]1] 1 D Forbidden 1 1 1 1 Resting
NOTES:
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Qn = previous output, ;= present output, D =1don’t care term (0,1)
For active transition, Q:= S
For active transition, Q: = R

Design of Different Alternatives to SR-Flip Flops

When the forbidden states of an SR-Flip Flop amveded to toggling states, a JK-Flip Flop is seigleed. Hence,
such a JK-Flip Flop retains the rest features d8RAFlip Flop, such as its resting and active stafbus making a JK-Flip
Flop to attain 75% utilization as against 50% m#tion of an SR-Flip Flop. The remaining 25% uétipn has been
examined and this is being exploited in this paper.

Application of Alternatives Flip Flops to a Conventonal JK-Flip Flop
The Truth Table of three other possibilities inéhglthe conventional JK-Flip Flop are presentedables 2 & 3.
For the purpose of this paper, these different lgHops is tagged as follows:
- JK-000, 001 Rest (75%)JK-Flip Flop which has two Resting states andRBsting states are identified as
JKQ =000, 001. This is the referred to as the eational JK-Flip Flop which is in the market today.
- JK — 000 Rest (87.5%):JK-Flip Flop which has only one Resting statedast of the usual two and the
Resting state is identified as JKQ = 000.
- JK — 001 Rest (87.5%):JK-Flip Flop which has only one Resting statedast of the usual two and the
Resting state is identified as JKQ = 001.
- JK - No Rest (100%):JK-Flip Flop which has no Resting state insteathefusual two.

Table 2: Truth Table of Different JK-Flip Flops
OPTION 1 OPTION 4
JK-000 JK-000 (87.5%) JK-001 (87.5%)
Qn 00 0 0 J K Q Qn+1 J K Qn Qn+1
n
0 [® oloJo] o 0 0 0 1
0 [0Jo (1] ojol1]0 0 0 1 1
oj[1]o0o]o0 0 1 0 0
[6F) 00 O 0 0|11 ]0 0 1 1 0
0 1 - [1]o[ 0] 1 1 0 0 1
)0 P11 10|11 1 0 1 1
JKB0I ~F |1[1]0 1 1 1 0 1
1110 1 1 1 0
Table 3: Truth Table of Different JK-Flip Flops
OPTION 3 OPTION 2
XY-No Rest XY — 100% JK-000, 001 (75%)
Qn 00 0 0 J K Q Qn+1 J K Qn Qn+1
n
g 1)/0 — |[oJof[ 0] 1 0 0 0 0
pJ[o [1) oloJ1]o 0 0 1 1
— o[1]o0] o0 0 1 0 0
oM 00 O 0 0j]1]1]0 0 1 1 0
g0 [0, Q1 1J]oJo] 1 1 0 0 1
0 | 0 1[o]1]1 1 0 1 1
1~ JKwoo, 00— [1]1]0 1 1 1 0 1
| ] ] 1/1]1]o0 1 1 1 0

In Tables 2 & 3, the corresponding K-Maps for tliféedent types of Flip Flops are also shown fromenénthe logic
equations are obtained as follows:
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OPTION 1: JK-000 Rest (87.5%)

Qo =JE+]Q, =J(E+Q.) e (1)

NAND (1,2,3)

Q.1 = JE+]Q, =JKJQ, wonr o (1)

NOR

Q.. =J(K+0)=]J+(K+Q,) . co.(1b)
Qni1 =T+ EKQy e (2)

NAND (4,5)

Q.:1=J+KQ,=].KQ, ........(2a)

NOR

KQ.=K+@Q, ... ..(2b)

Substitute equation (2b) into equation (2), we have

Qoer =T+ K40y e (26)

Qi1 =J+E+ Qo (2€)

Combining equations (1a) & (2a) to produce NANDegednfiguration
Combining equations (1b) & (2e) to produce NOR gadafiguration but equation (1b) = equation (2e)efiefore, only
equations (1a) & 2(a) can be combined to obtaimifeid

Figure 1: Logic Circuit of JK-000 Rest (87.5%) FlipFlop (NAND Gate Configuration)

OPTION 4: JK-001 Rest (87.5%)

Qo1 =KJ+KQ, =K(J +@Q,) e v (1)
NAND (1,2,3)

Q,.1 = K] + KQ, = K].KQ, . .......(1a)
NOR

Qi =KJ+Q)=K+(J+@Q,) - .....(1b)
Qi =K+JF, e (2)

NAND (4,5)

Q,.,=K+J0,=K.JQ, ..o....(2a)
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NOR
JO,=J+Q, .ceu...(2b)

Substitute equation (2b) into equation (2), we have
Qo1 =K +]T+Q, e e o (2€)

Quir =K +]+ Qe oo (2€)

Combining equations (1a) & (2a) to produce NANDegednfiguration
Combining equations (1b) & (2e) to produce NOR gatefiguration but equation (1b) = equation (2e)
Therefore, only equations (1a) & 2(a) can be comtbito obtain Figure 2

Figure 2: Logic Circuit of JK-001 Rest (87.5%) FlipFlop (NAND Gate Configuration)

OPTION 3: XY-Zero Rest (X=J, Y=K)

Quir =JE+]Q, +RQ, =J(E+Q,) + KT, wcr e v (1)
NAND (1,2,3,4)

Q... =JK+]Q, +KQ, :f_f?-f@n- KQ,, o v vee e (La)
Qﬂ-"‘i :FE E@ﬂ " (1'1)

NOR (5,6,7,8)

Replace

K@, =K+2Q, (1b)

JER=T 4K eree e (10)

10, =T+ Qp (1)

Substitute equations (1b), (1c) & (1d) into equafibb), we have
Q,.,=J+K+]J+Q,+K=0,..........(1€)

Q. =J+K+]J+Q.+K+Q,..ccoe. .. (L&)

Q_rr—1 = K_,T _KQ.*.' _.ITQ.*.' = KG_Q:I _.I'TQ:.' l:‘zj
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NAND (5,6,7,8)

Q... = K]+ KQ,.+]0, =KJ.KQ..JQ,.

NOR (1,2,3,4)
R_eplace

K] =K +] vveee e (2B)
KQ,=K+Q, oo (20)
70, =T+ Qe e (26)

e e (200)

Substitute equations (2b), (2c) & (2d) into equaii®), we have

Qn—i: R_I_R—_aﬂ_f_ﬁﬂ

Qi1 =K+]J+K+Q,+]+Qp e e

(2e)

(2£)

Combining equations (1a) & (2a) to produce NANDegednfiguration
Combining equations (1e) & (2f) to produce NOR gagafiguration
Therefore, equations (1a) & (2a) can be combineshasn in Figure 3

K=1__,
—
N
y=K

—

8

-
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Figure 3: Logic Circuit of JK-.No Rest (100%) Flip Flop (NAND Gate Configuration)

Therefore, equations (1e) & (2f) can be combinepdrasented in Figure 4
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Figure 4: Logic Circuit of JK-No Rest (100%) Flip Flop (NOR Gate Configuration)

OPTION 2: JK-000, 001 Rest: This is the conventiodaK Flip Flop

Q.1 =70, +KEQ, o cceoce .. (1)

NAND (1,2,3)

Qﬂ-'l'i = Iﬁﬂ_ + Roﬂ_ ZI{?-H.EQ“ (1ﬂ.j
NOR

JQn =T + Qe v e (1D)

KQ,=K+3G, .. ... ...(1c)

Substitute equations (1b) & (1c) into equation (t§,have

Quir=J+Q, +E+Qy oo e (1d)

0pos =J+ 0, +K+0p oo (le)

Qo1 =K@, +7Q, v vivn o (2)

NAND (4,5,6)

Q... =KQ,+JQ,=KQ,.JQ,...........(2a)
NOR (4,5,6)

70, =TFQ, o (2D)

RKQ, = K+ Qp ceoeeen e (20)

Substitute equations (2b) & (2c) into equation (,have

ntl K+ Qn T+ @y v v (‘zdj

a3
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Qn—i = E'_ "j“ T )f T 0“ [29)

Combining equations (1a) (2a) to produce NAND gatefiguration
Combining equations (1e) (2e) to produce NOR gatdiguration

Therefore, equations (1a) & (2a) can be combinezhawn in Figure 5

L

qQ

Figure 5: Logic Circuit of Conventional JK-Flip Flop - 75% (NAND Gate Configuration)

Therefore, equations (1e) & (2e) can be combingatesented in Figure 6

le
K
The summary of the design analysis is illustratechi Table 4
Table 4: Summary of Analysis of Design
SIN TYPE OF FLIP FLOP CONFIGURATION NUMBER OF NUMBER OF
ACTIVE GATE
TRANSITION/STATE
Diagonal | Horizontal
1. SR-Flip Flop (50%) NAND & NOR gates| 2 2 4
2. JK-000 Rest (87.5%) Only NAND gate 3 5 5
3. JK-000, 001 Rest (75%) NAND & NOR gates| 2 4 6
4, XY-No Rest (X=J, Y=K) NAND & NOR gates| 2 6 8
(100%)
5. JK-001 Rest (87.5%) Only NAND gate 3 5 5
OTES:
1. Inverter gates used for the input variables (J &Ko not counted since the complements of these
inputs are available from the input console.
2. The number of active transitions/states is the saititethe number of gates required to achieve these
transitions for 50%, 75% and 100% utilization.
3. The number of gates is less than the number ofitians/states for the 87.5% utilization. It apear
that only the horizontal transitions are cateraddfpthe five gates. This may be probably why they
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| cannot be configured by with NOR gates. |

Application of Alternatives Flip Flops to the Conventional JK-Flip Flop
JK-Flop Flops are used for the following operationsomputer/digital systems:
- Storage Devices such as RAM and any other highdspeenory-driven system.
- Counters/Sequence Detectors in Decoder and cloakled systems.
- Counters as Frequency Dividers/Square Wave Gemsrato
- Shift Registers.
- Data Transfer
This paper will examine how the 87.5% and 100%izaalon JK-Flip Flops can be adapted in these awdas
application mentioned above.

Storage Devices

All semiconductor memory devices, especially thesowhere Flip Flops are employed, a memory elemmarst be
constructed from the intended Flip Flop that walve provisions for READ and WRITE commands, SELER® DATA
terminals amongst other requirements. Therefomeemory element will be designed using the 87.5%10t6 utilization
JK-Flip Flops.
Design of a Memory Element
The basic memory cell of a RAM is a Flip-Flop adaigly gated. This will be designed as follows:
The following input signals will be required:

SELECT input to select a particular location in neeyn designated =S
WRITE input command, designated =W
DATA input to be written into, designated =1
READ input command, designated =R
DATA output to be read from, designated =0

WRITE Command Consideration:

First, let us consider writing into the memory whiequires select and data inputs.

These three inputs with the previous output ofltkeFlip Flop will determine the input combinatioas presented in the
Table 5.

Table 5a: Truth Table of a Memory Element And an XY-FLIP FLOP

SINI & I [W|Q Qi | Q=2 Qn: | X Y X 1Y 1Qn | Quu
n

0 0O |00 ]0O0]|O 00 —»0 1 0 0 0 1
1 0O |00 |11 1-1 ——p|1 0 0 0 1 0
2 0O |01 ]0]0O0 00 —»|0 1 0 1 0 0
3 0O |01 1] 1 1-1 —»1 0 0 1 1 0
4 0O |2 /]0]0]0O0 00 —»| 0 1 1 0 0 1
5 0O |2 |]0]1]1 1-1 —p 1 0 1 0 1 1
6 0O |2 |1]01]0 00 ——» 0 1 1 1 0 1
7 0O |12 |11 1 1-1 — 1 0 1 1 1 0
8 1 |00 |0 ] O 00 — |0 1 XY- No Rest Flip Flop
9 1 00|11 1-1 —»| 1 0 (100%)
10 |1 |O]J1]0] O 00 —»| 0 1
112 |1 O ]J1]1]O0 1-0 —»| 0,01 | 0,11
12 |1 |1 ]0]0] O 00 —»| 0 1
13 |1 |1 ]0]1]1 1-1 ——|1 0
14 |1 |1 ]1]0]1 0-1 —»|011 | 00,1
15 |1 |1 ]1]1]1 1-1 —» |1 0

http: // www.ijesrt.com  (C) International Journal of Engineering Sciences & Research Technology
[2609 -2628]



[Omotosho, 2(9): September, 2013] ISSN: 2277-9655
Impact Factor: 1.852

Table 5b: Truth Table of a Memory Element And an XY-FLIP FLOP

SIN| & |1 |W|Q |Qui | Q= Qnu X Y X |Y [ Qn | Qua
n

0 0 |00 ]O]|O 00 —»|0 1 0 0 0 1
1 0O |00 |11 1-1 —— |1 0 0 0 1 0
2 0O |01 ]0]|O 00 ——» |0 1 0 1 0 0
3 0O |0 1|11 1-1 —» |1 0 0 1 1 1
4 0O |1 /00O 00 —» |0 1 1 0 0 1
5 0O |1 |/]0]|1]|1 1-1 — |1 0 1 0 1 1
6 0O |1 |1]0]|0O0 00 ——|0 1 1 1 0 1
7 0O |1 |1]1]1 1-1 — |1 0 1 1 1 0
8 1 |0]0]0]O 00 —» |0 1 XY- No Rest Flip Flop
9 1 |00 ]1]1 1-1 —» |1 0 (100%)
10 |1 |O |1 ]0]O 00 —» |0 1
112 |1 |0 |11 |0 1-0 —» | d d This Table is the same as
12 |1 110|010 00 —»» |0 1 Table 5a except that S/N
13 |1 |1 |0 |11 1-1 —» |1 0 11, & 14 are replaced with
14 |1 |1 ]1]0] 1 0-1 > | d d ‘don’t care terms, d'.
15 |1 |1 ]1]1]1 1-1 —» |1 0

The values of X & Y are plotted into their respeetiK-Maps as shown in Table 6 from where the cpwading logic
equations are derived.

Table 6: K-Maps for X & Y terminals of XY-No Rest Flip Flop
K-Map for X K-Map for Y

This configuration cannot be used to dedigisic memory elementbecause the logic equations (1) & (2) are nottions of
the required inputs ¢Sl & W) which are to be used to SELECT. e desired location, to WRITE (W) the requireATA
() into a storage device. Hence, the configuratiannot be used as a storage device.

Similarly, the same analysis is repeated for JK-B@6t Flip Flop (87.5%) and presented in Table 7

Table 7a: Truth Table of a Memory Element And a JKO00 Rest FLIP FLOP (87.5%)
S/N % I W Q Qn+1 Qn - Qn+1 J K J K Qn Qn+1
n
0 0O |00 |0|O 00 —»| 0,0 1,0 0 0 0 0
1 O |00 |11 1-1 —— |1 0 0 0 1 0
2 0O |01 0|0 00 ——» |00 1,0 0 1 0 0
3 O |0 |1 1|1 1-1 —»| 1 0 0 1 1 0
4 0O |2 /]0|0]|0O0 00 —»| 0,0 1,0 1 0 0 1
5 0O |2 /0|11 1-1 — |1 0 1 0 1 1
6 0O |2 |1,01|0 00 —»|0,0 1,0 1 1 0 1
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7 0 |1 ]1]1]1 1-1 — |1 0 1 |1 |1 Jo
8 1 |0]J0]O0O]|O 00 — |00 1,0 JK- 000 Rest Flip Flop
9 1 |00 ]1]1 1-1 —— |1 0 (87.5%)
10 |1 |O |1 ]0]O 00 —» | 0,0 1,0
11 (1 |o |1 [1] 0 1-0 —|0,0,1] 0,1,1 Resting State = XYQ=
12 [1 [1 o]0 ]oO 00 — |00 [10 000
13 |1 |1 ]0]1]1 1-1 — |1 0
14 |1 |1 ]1]0]1 01 —» |11 0,1
15 |1 |1 ]1]1]1 1-1 —» |1 0
Table 7b: Truth Table of a Memory Element And a JK-000 Rest FLIP FLOP (87.5%)
SIN| & |1 |[W|Q |Qni | Q= Qnu J |K J K 1Qn | Qna
n
0 0O |00 ]O]|O 00 —»|0 d 0 0 0 0
1 0O |00 |11 1-1 —— |1 0 0 0 1 0
2 0O |]0J1]0]O 00 ——» |0 d 0 1 0 0
3 0O |01 |11 1-1 —>»|1 0 0 1 1 1
4 0O |1 ]/]0]0]O 00 —» |0 d 1 0 0 1
5 0O |1 ]/]0]|1]1 1-1 —|1 0 1 0 1 1
6 0O |1 ]1]0]0O0 00 ——»|0 d 1 1 0 1
7 0O |1 ]1]1] 1 -1 — |1 0 1 1 1 0
8 1 |0]|]0|0 ]| O 00 — |0 d JK- 000 Rest Flip Flop
9 1 |00 |11 -1 ——> |1 0 (87.5%)
10 |1 |0O |1 ]0 ]| O 00 —» |0 d Resting State = XY=
11 |1 o |1 ]1]0O -0 —» | d d 000
12 |1 |1 ]0]0O0]O 00 —>» |0 d
13 |1 1 /0|11 1-1 —» |1 0 This Table is the same as
14 |1 111710 1 01 — » |1 d Table 7a except that S/N 0
15 |1 |1 11111 1-1 —» |1 0 2,4,6,8,10,11,12, & 14
are replaced with ‘don’t
care terms, d'.

5
2

The values of J & K are plotted into their respeetk-Maps as shown in Table 8 from where the cpogading logic
equations are derived and the logic circuit ofrtr@mory element or RAM Cell is given in Figure 7a.
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FF

Figure 7a: Memory Element

@n —o—»

Tables 9 & 10 contain the data employed to desigmiemory element using JK-001 Rest FLIP FLOP ®J.5

Table 9a: Truth Table of a Memory Element And a JKO01 Rest FLIP FLOP (87.5%)

S/N S I w Q Qn+l Qn I Qn+1 J K J K Qn Qn+l
n

0 0 0|0 |0 0 00 —» |0 1 0 0 0 1

1 0 0|0 |1 1 1-1 —» |01 0,0 0 0 1 1

2 0 0|1]0 0 00 ——» |0 1 0 1 0 0

3 0 0|1 |1 1 1-1 —»|0,1 0,0 0 1 1 0

4 0 1 10]0 0 00 —» |0 1 1 0 0 1

5 0 1]0]1 1 1-1 ——»| 0,1 0,0 1 0 1 1

6 0 1 ]1]0 0 00 ——|0 1 1 1 0 1

7 0 111 )1 1 1-1 —» |01 0,0 1 1 1 0

8 1 |0]|]0|0 ]| O 00 —» |0 1 JK-001 Rest Flip Flop

9 1 0|01 1 1-1 —» | 0,1 0,0 (87.5%)

10 1 o|l110 0 00 —» |0 1 Resting State = XY=

11 |1 0|1 |1 0 1-0 —» | 0,1 1,1 001

12 |1 1 10]0 0 00 ——» |0 1

13 |1 1]0]1 1 1-1 ——» |01 0,0

14 |1 1 11]0 1 01 —» |0,1,1| 0,01

15 |1 111 )1 1 1-1 —» | 0,1 0,0

Table 9b: Truth Table of a Memory Element And an K-001 Rest FLIP FLOP (87.5%)

SN[S [I [wW

Q

Qn+1 Qn - Qn+1 J

K

0—-0

1-1

0-0

1-1

0-0

1-1

0—-0

1-1

0—-0

OO |IN([O(U|A|W|IN|FP|O

1-1

0—-0

1-0

0—-0

R IRPOIO|I0OOIR|IFRIFIFIOIO0I0OIO
[ellsligdldiellell gl Jllellell il (o) o]

R OO0 Ok O|FR|O|Fk|O|k|Oo

1-1

oloa|o|la|olaloja|Oo|la|o(a|lo

o|lr|r|r|o|r| ook lolr|lokr

RPIRPRPRPIRPRPRPOOIOIOIO|I0O|IOIO

=
=

o|lr|o|r|o|r|o|r|o|r|olk|lo|lr|lof

=

0-1

:

W)

J K Qn Qn+1
0 0 0 1

0 0 1 1

0 1 0 0

0 1 1 1

1 0 0 1

1 0 1 1

1 1 0 |,

1 1 1 0

(87.5%)

001

JK-001 Rest Flip Flop

Resting State = XY=

This Table is the same as
Table 9a except that S/N
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15 |1 |1 (1|1 |1 1-1 —> |d 0 11, & 14 are replaced wit
‘don’t care terms, d’.

The values of J & K are plotted into their respezt-Maps as shown in Table 10 from where the spoading logic
equations are derived.

Table 10: K-Maps for J & K terminals of JK-001 RestFlip Flop (87.5%)
K-Map for J K-Map for K
X=0.iiiieiiien, Q) Y=Q,+50W+............. (2
Sel Sel
wQ e 0 0 ey 00 O 0
00 0 00 |wh 1 1 1
gl d | [d° [ & JEl 0' [0 [0 10
d3 d7 dlE dll 03 07 15 —Iﬂ\
0 02 06 d14 010 / 0 ﬁZ 16 d14 1 ’
! |

T H e =
| =% 001 (87.5%)

Figure 7b: Memory Element
FF

I—K Qn—l—l'

The conventional JK-Flip Flop is also examined gsiiables 11 & 12 for completeness which also redutito memory
element of Figure 7c.

Table 11a: Truth Table of a Memory Element And a @nventional JK- FLIP FLOP (75%)

S/N S I w Q Qn+l Qn I Qn+1 J K J K Qn Qn+l
n

0 0 0|0 |0 0 00 —» |00 01 0 0 0 0
1 0 01]O0 1 1 -1 ——»|0,1]00 0 0 1 1
2 0 0|10 0 00 ——» |00 01 0 1 0 0
3 0 0|1 1 1 1-1 —» | 0,1| 0,0 0 1 1 0
4 0 1 ]0]0 0 00 ——» |00 0,1 1 0 0 1
5 0 110 1 1 -1 —»|0,1]00 1 0 1 1
6 0 1 ]1]0 0 00 —» |00 01 1 1 0 1
7 0 111 1 1 -1 — » |0,1]| 0,0 1 1 1 0
8 1 |00 |0 ] O 00 — |00 01 JK-Conventional FLIP
9 1 01]O0 1 1 -1 —» | 0,1]| 0,0 FLOP (75%)
10 1 0|10 0 00 —» | 00|10 00, J=0, K=x
11 1 0|1 1 0 -0 —» | 0,1]| 1,1 01, J=1, K=x
12 |1 |1 |00 ]oO 00 ——>» [0,0] 0,1 10, J=x, K=1
13 [1 [1 o1 ]1 1-1 —» | 0,1 0,0 11, J=x, K=0
14 1 1 ]1]0 1 01 —» (11|01
15 1 111 1 1 1-1 —» | 0,1 0,0
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Table 11b: Truth Table of a Memory Element And an JK-Conventional FLIP FLOP (75%)

SIN % I W Q Qn+1 Qn - Qn+1 J K J K Qn Qn+1

n

0 0O |00 ]0O0]|O 00 —» |0 d 0 0 0 0

1 0O |00 |11 1-1 —»|d 0 0 0 1 1

2 0O |01 ]0]0 00 ——» |0 d 0 1 0 0

3 0O |01 1|1 1-1 —»|d 0 0 1 1 0

4 0O |2 /]0]0]0O0 00 —» |0 d 1 0 0 1

5 0O |2 |]0]1]1 1-1 ——»|d 0 1 0 1 1

6 0O |2 |1)]01]0 00 ——|0 d 1 1 0 1

7 0O |12 |1 )11 1-1 —»|d 0 1 1 1 0

8 1 0|00 |0 00 —» |0 d JK-Conventional FLIP

9 1 |00 |11 1-1 —» | d 0 FLOP (75%)

10 |1 |O]J1]0] O 00 —» |0 d

112 |1 o1 ]1]0 1-0 —»|d 1

12 |1 |1 ]0]0] O 00 —» |0 d

13 |1 |1 ]0]1]1 1-1 —— | d 0

14 |1 |1 ]1]0]1 -1 —» |1 d

15 |1 |1 ]1]1]1 1-1 —» | d 0

The values of J & K are plotted into their respez-Maps as shown in Table 12 from where the spwading logic
equations are derived.

Table 12: K-Maps for J & K terminals of JK-Conventional Flip Flop (75%)

K-Map for J K-Map for K

J=SIW oo, @) K= S IW. .o

(2)

¥

j Qn

¥

N
S Conventional
| —, (75%) FF
E f K Qn

Summary of the above analysis is presented in Table3

Figure 7c: Memory Element

The

Table 13: Summary of Memory Element Design

1. Though JK-No Rest (100%) Flip Flops cannot be useduild Storage Devices but like D-Flip

S/N TYPE OF FLIP FLOP STORAGE DEVICE
1. JK-000 Rest (87.5%) This can be used to build Storage Media
2. JK-000, 001 Rest (75%) — Conventional JK-Flip | This can be used to build Storage Media
Flop
3. XY-No Rest (X=J, Y=K) (100%) This cannot be used to build Storage Media
4, JK-001 Rest (87.5%) This can be used to build Storage Media
OTES:
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for other application areas.

Flops and T-Flip Flops which also cannot be usedesign Memory Elements, they are still useful

2. JK-000 Rest (87.75%) Flip Flops as Memory Elemexiiponent parts has a speed advantage
over SR-Flip Flops and JK- Conventional Flip Fldqgzause it operates within only four transition
states (JKQ = 000, 001, 100 & 101) instead of 3l = 000, 001, 010, 011,100 & 101) for SR-
Flip Flops and eight ((JKQ = 000, 001, 010, 011,100, 110 & 111) for JK-Flip Flops.

Sequence Detector Devices

Let us examine a sequence detector as an examggen® the sequence to be counted is given on Tablekb & 18 as

1,3,0, 1.
Table 14: Sequence Detector Design Using JK-000 R&4ip Flop
FF1 FF2 JK-000 Rest FF TRUTH
TABLE
SIN | Q|Q Q Jd Ky % Kz Q. SIN' | I K| Q| Quaa
2 1

1 0,[,1 1, |1 0 1,1 0,1 01, 0 0/]0|0—~ | O
3 1V [V -0, | 00,1 | 01,1 00,1 0,11 10, 1 0|01~ | O
0 O“*; 4 -1, |11 0,1 0,0 0,1 00, 2 0/]1/]0—~ | O
1 0"l 1 FF1 output changes & FF2 output changes & 3 0/|1|1- |0
Sequence of corresponding JK corresponding JK inputs 4 110{0—- |1
counting inputs 5 10| 1- |1
6 1/1|/0- |1
7 111> |0

The values of J & K are plotted into their respeetK-Maps as shown in Table 15 from where the smweading logic

equations are derived. The Logic circuits are pregkin Figures 8a &8b

Table 15: K-Maps for J & K terminals of JK-000 RestFlip Flop (87.5%)

FF1 FF2

h=1 [z = @4
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DC Reset

Logicl = = =

CL=0 —1 FF1 > FF2 &— FF1 /_> FF2
J=_—K Q‘f_l_:!{ CL—I 1k U—J|—K a

(a) l . (b) I3

Figure 8: Sequence Detector Designed to detect Sequae 1,3,0,1 Using JK-000 Rest Flip Flop (87.5%)

Figure 8 is analysed to prove the correctnessharaise of the design as follows:

RESET STATE:
DCReset=1
Logic1 = = =
1 Q J Q i Q
cL=0 —&—* FF1 *—> FF1 FF2
_—l__ K 0] —__l—_ K Q |— K Q —‘
—
(a) (b) "
0 0
1t CLOCK:
DC Reset =0
Logicl = T = =~ | =
J Q ] Q / J Q
cL=1 P FRL —> Fr1 FF2
__1_— K Q :_I_—_ K Q r K a —‘
= 7]
(a) (b) é ®
0 0
L K1Qy, = 100, therefore, Q=1 I 1} hK1Q1,=110,0541=1 [ 1]z
K0, = 000, therefore, Ozqy1 =0 [o Iz LK 0z, = 010,344, =0 [0 Iz
Therefore [0 1l =14 Therefore [ 1l; =144
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2m CLOCK:
DC Reset =0
Logic 1 T_ | = T = ‘ =
J ] 4] J Q /_ !
fieqg —S— P FF2 & rr1 ] D FR2
1] K Q ‘ﬁ_l: K Q —‘ S K Q r K #] —‘
—
PR
@ & & (b) )
0 1 0 1
}11K1Qy,= 101, therefore, Q=1 [ 1k 3K Q= 111,004 =0 [ 0]z
13K305,=100, therefore, Ozo1=1 [1 k $Ka03,=110,0z041 =1 [1 2
Therefore [1 1} =31 Therefore [1 0 =212
3 CLOCK:
DC Reset=0
Logic 1 =, — = =
1 /‘ 1 Q ] /_ J
fi=1 —S—P H FF2 &—D Fr1 ¥ D FR2
Lk Bk @ _l L1 Pk a —‘
R
@ & & (b) « e
5 5 1 1 4]
hK1Qy, =101, therefore, Q=1 [ ik hKi1Qy,=110,Q4041=1 [ il
13Kz 05, = 101, therefore, Oz, = 1 [1 I JaK202,=111, 03,41 =0 [0 Iz
Therefore 1 1}:=31 Therefore [0 1la=14y
4th CLOCK:
DCReset=0
Logic1 = | = T = i | =
] Q /— ] Q ] Q / J Q
&— Fr1 FF2

ctey 1 M FF2
)

K QoK O.—‘ K Q—J|—K Q_‘

1

(B & o (b) .
1 1 0 1
WKy Q= lﬂi,thErEfDrE,ﬂ1“+1 =1 [ 1]‘2 I Ky Oy,=111,0y,41=0 [ 'ﬂ]:z
3 K30, = 101, therefore, Oz =1 [1 - Bk 0z, = 110,035,411 =1 [1 1z
Therefore [1 1]: =344 Therefore [1 0]:=244

Therefore, the sequence for (a) = 1,3j8s3ead of 1,3,0....
Therefore, the sequence for (b) = 1,2,1,2 instédd3;0....
Hence, this configuration cannot be used as a $equeetector.

Similarly, it can be proved that JK-001 Rest (87)%%nnot be used as a Sequence Detector as follows:
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Table 16: Sequence Detector Design Using JK-001 RE&4ip Flop

FF1 FF2 JK-000 Rest FF TRUTH
TABLE
SIN|Q|Q Q J Ki N Kz Q SIN | JI K| Qn | Qua
2 1

1 0,[,1 1,01 0,0 0,1,1| 0,0,1 01, 0 00| 0— |1
3 1V Vg, 1-0, | 0.1 1,1 0,1 1,1 10, 1 0/0|1— |1
0 Q‘*,_ 4 6-1, |0,1,1 | 0,01 0,0 1,1 -60, 2 0{1{0— |0
1 0] 1 FF1 output changes & FF2 output changes & 3 0/1|1- |0
Sequence of corresponding JK corresponding JK inputs 4 10| 0— |1
counting inputs 5 1/0|/1—- |1
6 1/1({0— |1
7 1/1({1-> |0

The values of J & K are plotted into their respezt-Maps as shown in Table 17 from where the spwading logic
equations are derived. The Logic circuits are preskin Figures 9a &9b

Table 17: K-Maps for J & K terminals of JK-001 RestFlip Flop (87.5%)

FF1

FF2

Ji=00or1

DC Reset
Logic1 T— = T = =
=1 @ ||=71 @ o AlE=R
e FF1 ) T'——> FF1 > FR2
K Q Q — K Q K a
!_ [ —‘ [
“T—
@ ] (b) i

Figure 9: Sequence Detector Designed to detect Seque 1,3,0,1 Using JK-000 Rest Flip Flop (87.5%)
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RESET STATE:

DC Reset=1

Logic 1

CL=0

1= CLOCK:
DC Reset=1

Logic 1

ISSN: 2277-9655
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WK1 Qy,= ":H:!{],tl"l-f!rE"ﬂ'rE,I Qynsr =0
KO, =010, therefore, Q4 =0

Therefare

2 CLOCK:
DCReset=1

Logic1

J]_ Kl{h n= o000 r the refore, Gl:n+1 =0
LKz, =000, therefore, Qa1 =0

Therefore

Therefore, the sequence for (a) = 0,0 instead3)01,.
Therefore, the sequence for (b) = 1,1 instead301,.

Hence, this configuration cannot be used as a $equeetector.

Table 18 is the design of the same Sequence Detgsitty JK-No Rest Flip Flop (100%).
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;) Q@ ||y @ I @5y B8
— FF1 D> FR2 &— 1 D FR2
K a r K Q —‘ — K Q r K Q
] L
(a) ° (b)
0 0 0
Q (|11 @ T o O N I = TR
— FF1 > FR2 o 1 D FR2
K a I_ K a |— K O M |— K Q
= ]
@ o s ®)
0 0 0 0
[ 0]z LKy, = 100,005,411 =1 [ 1];
[0 L hKaOg,= 010, Qzn41 =0 [0 |
[ﬁ 'ﬂ]_z =0 10 Therefore [’U 1]'2 =11|]
Q ||=1: @ I Q| |Elr @
. FF1 > FR2 &— FF1 D Fr2
Qa r K a —‘ — K a M r K Q —‘
@ ¢ (b) ) G
0 0 0 1
[ 0]z LK Qyn=101,Q1441=1 [ 1l
] k bK;Q7,=010,Q3,41 =0 [0 k:
[’ﬂ G]:}_ =04g Therefore [’ﬂ 1]2 =15
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Table 18: Sequence Detector Design Using JK-No Rddip Flop
FF1 FF2 JK-No Rest FF TRUTH
TABLE
SIN|Q|Q Q Jd K1 % Kz Q. SIN|J| K Qn | Qua
2 1

1 0,[,1 1, |1 0 1,10| 0,10 H1, 0 0/0] 06> |1
3 1V[V1 -0, | 00,1 | 01,1 00,1 0,11 10, 1 0|0 1 |0
0 Q‘# 4 -1, 110 ] 0,10 0,0 0,1 60, 2 01|/ 06>]0
1 0v| 1 FF1 output changes & FF2 output changes & 3 0|1| & |0
Sequence of corresponding JK corresponding JK inputs 4 1/0/0> 11
counting inputs 5 110 15 |1
6 11106 |1
7 1115 |0

The values of J & K are plotted into their respez-Maps as shown in Table 19 from where the spwading logic
equations are derived. The Logic circuits are preskin Figures 10a &10b

Table 19: K-Maps for J & K terminals of JK-000 RestFlip Flop (87.5%)
FF1 FF2
h=1

1]
oL "

Figure 10: Sequence Detector Designed to detect Seqce 1,3,0,1 Using JK-000 Rest Flip Flop (87.5%)

DC Reset
Logic 1 T_ | = T <) ‘ =
J o 7 I I e AR
1 FF2 —> 1 D FR2
_:]_— K a K Q —‘ _l:- K Q |— K Q

Similarly, Figure 10 is analysed to prove the cctmess or otherwise of the design as follows:
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RESET STATE:
DC Reset=1
Logic 1 T_ | = T = =
A oL @
g Se—ps PR FF2 &— Fr1 D Fr2
_—l__ K 8] i K Q —‘ N K Q M r K Q
P
@ & o (b) )
0 0 0 0
1= CLOCK:
DC Reset=0

h |

Logic1 - = = =
L S booe Ly e
oy S —F R FF2 > FF1 > P2
L 7

(B) o o (b) 4
0 0 0
11K Qy =100, therefore, Qa0 =1 [ 1] LK Qy,= 100,y =1 [ 1l
K303, =000, therefore, Qa1 =0 [0 k LK Q= 010, 05041=0 [0 I
Therefore [0 1} =14g Therefore [0 1}x=14p
2 CLOCK:
DC Reset =0
Logic 1 _ _ T _
P @50 @ yo@ | |EEL
ey ¥ FF2 o Fr1 D FR2
S 1 1 £ K _apnrk _a
1
() o o (k) ¢ o
0 1 0 1
LK Q.= 101,therefﬂre, Q=1 [ 1}2 LK Qy,=100,040401=1 [ 1}}_
1:K>0Q5,, = 100, therefore, Qs =1 [1 I K05, = 010, 0z, =0 [0 L
Therefore [1 1]:=31q Therefore [0 1}:=14g
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3rd CLOCK:
DCReset=0
Logic 1 = = = =
1 Q||lEr @ CRNE=E
ey 1 FF2 o— Fr1 D Fr2
Koy K Q “_]: K Q _‘ ] K Q M r K Q —‘
— 1
B & (b) i
1 1 0 1
LK Qy,=101, therefore, Qypa =1 [ 1l 3K Qya=101,0044 =1 [ 1];
LK 0z, = 101, therefore, Qpoa=1 [1 Iz b0z, = 010,034, =0 [0 I
Therefore [1 1}:=310 Therefore [o 1}: =149
4th CLOCK:
DC Reset=0
Logic 1 _ = T = —
1 Q |1y @ Q| |LElr @
=1 P R FF2 &—> FF1 D Fr2
]
(a) i % (b) & o
1 1 0 1
3Ky Oy, =101, therefore, Q=1 [ il K1 Qy,=101,Q4,41=1 [ 1l
hK:Q5,= 101, therefore, Qz,41=1 [1 I LK 0,= 010,034, =0 [0 2
Therefore [1 1}z =310 Therefore [ 1}:=14p

Therefore, the sequence for (a) = 1,3j8s3ead of 1,3,0....
Therefore, the sequence for (b) = 1,1,1,1 instédd3;0....
Hence, this configuration cannot be used as a $equeetector.

Figure 11 is the logic circuit of a Sequence Deteasing SR-Flip Flops to detect sequence 1,3,0,1..

DC Reset ’
|
Logic 1 L l_ l =
5 Q|| Q
cL ——> Fr1 >5FF2 D_
R Q R Q [
—
1

Figure 11: Sequence Detector Designed to detect Seqce 1,3,0,1 Using SR-Flip Flop

The proof that Figure 11 as a Sequence Detectteciiley sequence 1,3,0,1.. is presented as follows:

http: // www.ijesrt.com  (C) International Journal of Engineering Sciences & Research Technology
[2609 -2628]



[Omotosho, 2(9): September, 2013] ISSN: 2277-9655
Impact Factor: 1.852

RESET STATE
DCReset=1
—t
Logic 1 - =
+l— 4 s =
CL=0 — RFFl 4 =] RFF2 -
1]
0 0
1 CLOCK
DC Reset=0
1|
Logic 1 = =
s @75, @ J—:|D—
e — RFF1 : — RFF2 .
Tir i
0 0
5,R104.= 100, therefore, Quay=1 [ ik 5.=0>=1 Ri=Q>=0
$3R;03, = 000, therefore, Qzn,1 =0 [0 k 5:=Q10:=0 FRp=Ry=0
Therefore [0 1l=1y
2" CLOCK
OC Reset=0
1 |
Logic1 I_ = || _
S Q S Q
L1 ~*—P R D> FR2
T R a T r R a M
—+
0] T
5R1 0, = 101, therefore, Qyaq = 1 [ 1} §1=0,=1 Ri=Q;=0
SzR:0z,= 100, therefore, Qa1 =1 [1 k: 5:=Q1Q:=1 FR=R;=0
Therefore [1 1:=34
3" CLOCK
DC Reset=0
1 :
Logic1 L = =
S g (| 18 Q
_.—
cL=1 PR > FR2
‘> R a T r R a
!
1
51R101,=011, therefore, Qgay =0 [ 0l S$1=0,=0 Ri=@3 =
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Szﬂgﬂ_zﬂ =ﬂli,therefure,ﬂ2“+1=ﬂ {'D ]-_7_ S: = Ql'ﬁ: =10 Rz = R]_ =1
Therefore [0 0] =044

4% CLOCK

DC Reset=0

—— Fr1 D FR2

Logic1 LS l@ - | Q_ l D—

CL=1
‘— R 8] —[ r R a
=
00
51“1{11“ = 1ﬂﬂ,therefure,ﬂ1m1= 1 [ 1]-2 '51 = az =1 Ri = Q: =
S;_REC!I_;_" =Uﬂ'ﬂ,thElEfDFE,G¢n+1=ﬂ [’G ]2 51 = QI@: =0 Hiz = Hl =0
Therefore [0 1k =1y

Therefore, the sequence for Figure 8c = 1,3,0re@ugired
Hence, this configuration, Figure 8c can be useal @squence Detector.

Conclusion

In this paper, analysis and design of differenp Hiops as extensions of conventional JK-Flip Fligpgresented.
It is observed from the analysis of the differemsidn, that the number of active transitions/stigethe same with the
number of gates required to achieve these transitior SR at 50%, JK at 75% and JK Extension (X6-rest) at 100%
utilization. But it is obvious that the JK Extensi@XY-No rest) at 100% Flip Flops cannot be useluidd storage devices;
but like the D-Flip Flops and the T- Flip Flops, ialinalso cannot be used to design memory elemémgse types of Flip
Flops are still useful for other digital device &pations.

It is also observed that the number of gates s flean the number of transitions/states for th&%®v7utilization
which can only be configured by NAND gates. TheQDO Rest (87.75%) Flip Flops have been proven meytmubt that
they are capable of being used to design Memoryé&hts among other digital device applications. Thksp possess
speed advantage over SR- and JK- ConventionalFitips because they operate within only four trémsistates (JKQ =
000, 001, 100 & 101) instead of six (JKQ = 000, 0010, 011,100 & 101) for SR-Flip Flops and eiglik@ = 000, 001,
010, 011,100, 101, 110 & 111) for JK-Flip Flops.

From the numerous examples shown in section 6 iefgaper, it is highly convincing that the JK-FHops
Extension either as 87.5% or 100% utilization careoused effectively to design Sequence Detectdrs.possibilities of
using the different types of Flip Flips designedehia other application areas can be similarly eited.
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