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* Definitions
|
o Digital logic

+ The manipulation of binary values that uses circuits and logic

gates to construct the implementation of computer operations
o Logic gates
+ The building blocks for digital electronic circuits

+ Five main components
o AND
- OR
o XOR
o NAND

. NOR
2 J




Logic Gates -1

o Yes
— — Q

—0 ©
NO, Normally open

o NOT
— Hilg ©

NC, Normally closed

Represented by switches

A Output
Input Vi

US symbols
A Output
1 o—

Input A

International standard (IEEE/ANSI)
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Boolean equation: Q = A

Boolean equation: Q = 4

A Q=4
0 1

1 0
Truth table

Venn diagram:

A diagram that shows all possible
logical relations between a finite
collection of different sets

4

Logic Gates -2

o AND

A B

o o

Represented by switches
“‘in series”

Boolean equation: Q = A-B

Inputs

A

B

A
— Qutput Output
Inputs &
— A-B A-B
B
US symbols International standard

28 [ S R )

A B o

Venn diagram

WERGFIRATER— MES126 MomAs

Time

(IEEE/ANSI)

Q=4-B

_\_\ooib
_\o_\om
- O O O A

Truth table

.




! Logic Gates -3

o OR
A
A A
Output Output
B Inputs Inputs >1
A+ B A+ B
B B
Represented by switches US symbols International standard
“in parallel” (IEEE/ANSI)
A B Q=A+B
A | | 0 0 0
0 1 1
B |
A B Q | L] | 1 1 1
Venn diagram Time
Truth table
BB R HEIEHEBR— MES126 HomE >
! Boolean Algebra -1
o Operations: 0, 1, - (AND),+(OR)
o/ o} o/ o
0-0=0
0+0=0
1+1=1 <] Different from arithmetic operations
1-0=0:-1=0

140=0+1=1
WhenY =0 WhenY =1

o Commutative property X-0=0 X-1=X
X.-Y=Y X X+0=X X+1=1
X+Y=Y+X WhenY =X WhenY =X

X- X=X X-X=0
X+X=X X+X=1

B % IR T B — MES126 M2t Li




! Boolean Algebra -2

o Sequence of operations
+ Negation (inversion)
+ Multiplication

+ Addition

o Distribution property

X-(Y+2)=X-Y+X-Z

S

o

WERGRIEATER— MES126 MomAs

4/X Y
SRl
Y

Absorption laws
X+X-Y=X1+Y)=X

X-X+Y)=X-X+X-Y=X
X+Y)-Y=XY
X-Y+Y=X+Y
X Y+Y=X+Y

! Boolean Algebra -3

o De Morgan’s Laws

Z--
Z+

=X-
Y

X+Y+Z+-) =

Y-
X-Y-Z-- +

Y =X+

+ Two variables

WERGFIRATER— MES126 MomAs




! Boolean Algebra -4

o Multiple variables

n «
.

is omitted

X+Y+Z=X+Y)+Z=X+ (Y +2)

XYZ =XY)Z =X(YZ)
X+Y)X+2)=XX+XY+XZ+YZ=X(A+Y+2)+YZ=X+YZ
(X+Y)(X+Z_)(Z+X) =_(X+Y) Z+X)
X+Y)(Z+X)=XZ+XY

XY+YZ+ZX =XY +ZX

i)

How to prove? Use this as the example

e 2 IR B B B — MES126 My Li

! Boolean Algebra -5

o Algebraic proof

XY+YZ+ZX=XY+1YZ+ZX =XY + (X + X)YZ +ZX
=XY+XYZ+XYZ+ZX =XY(1+2Z)+ (Y +1)ZX
= XY +7ZX

o Brute force
X Yz Xy vz ZX  Xv+vZ+zX  XY+z%
0 0 0 0

0

- A O O =~ A O
- 0O A O ~~ O -~
- =2 O O O O O
- O O O —- O O
o O O o -~ O -
_ A O O -~ O -~ O
_ A O O -~ O -~ O

B % IR T B — MES126 M2t Li




Logic Gates -4

o NOR =0R + NOT

Inputs

Output

Inputs =1 ]

Qutput
O—

1+ B

B

Boolean equation: Q =A+B =A-B

Output
o_

A+ B

US symbols

International standard
(IEEE/ANSI)

A B Q=4+B
T ° o
0 1 0
B—]_L 1 0 0
mmiE 1 1 0
0
Truth table
WESARIZHEER— MES126 #HRE J
Logic Gates -5
o NOR: a universal gate
+ AND: Using three NOR gates
, C
=
o—|_ ,
2l o—
D |
21
A B c D Q=A-B Q=C+D
0 0 1 1 0 =cb
=A+A-B+8B
0 1 1 0 0 —A-B
1 0 0 1 0 = AND
1 1 0 0 1

Using NOR to make other gates such as NOT, OR, NAND, XOR...?

HELRRREAT R — MES126 MIHEf

.




! Logic Gates -6

o NAND = AND + NOT

{

Inputs

B

{

Inputs

B

\ DOIJUIUL:[ Output
Inputs
J A-B l-B 1-B
B
A
Output Output
1 o— Inputs &
- B {-B A-B
B
Boolean equation: Q =A-B=A+B
A | |
N I

HELRFRREAT R — MES126 MIHEf

US symb

ols

International standard
(IEEE/ANSI)

—\—\OO:B

Truth table

! Logic Gates -7

o NAND: a universal gate

+ Duality: NOR & NAND

+ OR: Using three NAND gates

—\—\OO:>

D

B
0
1
0
1

WMERMRIEATER— MES126 MomAs

O O —a a O

Ba

O A~ O —~ T

s p=

Inputs & O—Q
]
B

| Output |

Q=A+B Q=C-D_
0 =c+b

—A-A+B-B

1 —A+B
1 = OR
1

L




Logic Gates -8

o XOR
A4 N Output
N a5 };_7] : A+B US symbols
B —
AB + AB
A4 Output International standard
— =1
- o5 (IEEE/ANSI)
B
Boolean equation: Q =A@ B =A-B+A-B mm
A B (Q=A®B
T 0 0 0
0 1 1
B | |
1 0 1
)
20 [ I I : 0
A B
Venn diagram Truth table

B S AR EE — MES126 D3 Li

Logic Families and Integrated Circuits -1

o Families

14l i3] 2 Al fol [5] (6] 1a] [13] fi2] [17] fio] [3] [8]

+ Transistor-transistor logic (TTL) 5 [ ) D 5
+ Complementary metalOoxide e Oudshow 7452 Cued2bput

) AND Gates OR Gates

semiconductor (CMOS) ol ) B G G0 I [s) il ) 61l G (51 ()

1) [ |[F 1G] 1
+ Emitter-coupled logic (ECL) [ £ o || D] D] e

. . 740N?¢\l?llgg 2{2191.:’( ?wﬁggeg L:ejnput
ales ales
o Integrated circuits g
: “ I [ |1 B kg
o 74XX series (TTL) )PPI Dy )ﬁ% <
. TAYYXX, YY=(none), LS, F... 7086 Quas2ioput 147266 Quad 2 nput
XOR Gates XNOR Gates
+ 4000 series (CMOS) S B B NG T
D D
* 74CXX, 74HCXX (CMOS) |_J|2_||_J|i||i|{i|ma3w mmmwwm?ﬁ

74133 Single 13 input 7404 Hex NOT Gates
NAND Gate (Inverters)

B 2RISR B — MES126 O E 16




* Logic Families and Integrated Circuits -2

o Parameters

*

*

Logic level
Noise immunity

Fan-out: The number of gate inputs that can be driven by a
standard gate output while maintaining the desired LOW or HIGH

levels
Current-sourcing or current-sinking action
Propagation delay time

Power consumption

.o

* Applications of Logic Gates -1

o Parity generators

*

Using XOR: output O if all the inputs are 0 or all are 1; otherwise

output 1
b,
=1

b,

The block .

of bits . B
0y
: p
b,
=1
t
& Parity bit
=1
Bias bit

b Bias bit = 0 if odd parity is required
0
-

The block

of bits D
b,
b; 4)

/. Parity bit
Bias bit
18 !




! Applications of Logic Gates -2

o Digital comparator

+ Comparing two digital words to determine if they are exactly equal

a, a N
=1 Jo——
bﬂ - bu |
Zl] — al l
=1 O—
b —— L b — -
« B
ay 1 a, 4 |
=1 jo—
b, AND b, _}) Do—
a3 “33 4
=1 Jo——
by ——| — e | own [RE ﬁD
Q=A+B

XNOR gate = XOR + NOT

0
0
1
e 2 RIREA B B — MES126 MOEY 19

! Applications of Logic Gates -3

o Coder / decoder

+ Ex: Traffic lights

P -
D— Rd  A—9— P—+— & l—re
B —TDQ« B — oo
o
D Amber & F— Amber
A
B o

— Green

0 0 1 1 Red
0 1 1 0 Amber
1 0 0 1 Green

B % I S E B — MES126 #yh B¢ Li




Applications of Logic Gates -4

o Code converter

+ Ex: BCD-to-decimal

Diecimal
output

LsB

4-hit
BCD Decoder
input

MsB

o Ex: 74L.S244 --- 4-bit BCD to seven segments of a display

WERGRIEATER— MES126 MomAs

Outputs

& pP—9
BCD
nput & b—s
.‘Jm '—EF [ S
& p—7
.
& pP—6
.
& pP—3
-
& p—4
B
[
& pP—3
>—i
& pPp—12
1
‘I] ‘m 1 & p—1
& pP—0
B 1 E &S ? —

Outputs

<

=]

-

"

T ddd

N

y QUOUUUROUT

Applications of Logic Gates -5

o Number systems

I T
0

N

© 0 N o a > w DN

- A A a A
A W N =~ O

15

Binary-coded decimal system

ov | hesadacima
0 0

0000 0000 0000
0001 0000 0001
0010 0000 0010
0011 0000 0011
0100 0000 0100
0101 0000 0101
0110 0000 0110
0111 0000 0111
1000 0000 1000
1001 0000 1001
1010 0001 0000
1011 0001 0001
1100 0001 0010
1101 0001 0011
1110 0001 0100
1111 0001 0101

WMERMRIEATER— MES126 MomAs

1

N o o~ W DN

1

m m O O W »>» © 0o N o o » w N

22




! Applications of Logic Gates -6

o Decoder

+ EXx: 3-line to 8-line decoder

Ourputs Outputs
e D_ !
Input Inputs
m i
U U
- & 1 - 1
*— *—
rEF & |—2 FD" 2
i . B .
& —3 3
L -—
] o
o ’_E}: il : D_ !
Inputs Orutputs & b— 5
L o 1 1 2 4+ 7 * P
0 0 0 1 0 o 0
1 1 ] I 0 1
o 1 o o o 1 0 o o o o & — L]
0 1 1 0 o o 1 o o 0 o > [ S
1 [ [ 0 [ I
1 [ 1 [ 1 0 1
1 1 [ ) 0 1 & — 7
1 I 1 0 1] 1] [ ] 1] [{ 1 L —

o Ex: 74L.S138
B 2 BRI By — MES126 #hmE -

w

! Applications of Logic Gates -7

o Decoder

o Ex: 74LS138, 3-line to 8-line decoder with ENABLE inputs

Qutputs
0
El 1
1] 1 1 |
10 16[J— +5V PR e IR e N |
82 1500 ¢ 1 -
©: 1401 .,
II: - 1302 é_ 1 | Enable } 2
—15 1203 2 3 N
B nps ) r I— =
Y 3 | B2 11— /
ow 77 ws : 15
— 3
Grd " 'H LT -
] TALSI3E
|
Enable Inpur Chitputs
El  E2  E3 B 1 0 ] 3 4 5 o 7
1 N X X X X 1 i I i 1 | 1 i Inputs 5
X 1 X X X X 1 I [ 1 I 1 I 1 a Dc >o_. -
XX 0 X X X 1 1 1 1 1 1 1 1
0 ] 1 L] o (1] 1 1 1 1 1 1 1
0 0o 1 0 0 ] 1 L] I 1 1 1 1 1 (
00 1 1 1 i 0 1 1 1 1 1 B - ’
0 o 1 0 1 I 1 1 I o I 1 1 1
1] 0 1 1 1] 1 1 I 1 (1] 1 1 ]
0 0 1 1 0 1 1 1 [ 1 1 0 1 ] 1
(] 1 1 1 1 ] 1 1 I 1 0 1 7
00 1 I 1 I 1 I | 1 1 1 I 0 C

WERGFIRATER— MES126 MomAs




* Simplification of Binary Functions -1
|

o Where do these complicate functions come from?

+ The result of translating the practical requirements of a given

control problem into the logic language of Boolean algorithm

o Why do we want to simplify?
+ Save number of logic gates

+ Easier to understand the consequence

-8

* Simplification of Binary Functions -2
|

o Method 1 — Algebraic method

o EXx:

ABCD + ABC + ABD 2 NOT, 3 AND, 1 OR
= AB(CD + C + D)

=AB(C +D + D)

=AB(C+1)

= AB1

= AB 1 AND




* Simplification of Binary Functions -3
|
o Method 2 — Karnaugh Map

+ A graphical method that can be used to produce simplified
Boolean expressions from sums of products obtained from truth

tables

+ Advantages
o No need tricks
o Faster and simpler
o Always produces the simplest possible result

o Include “don’t care” conditions

= |

* Karnaugh Map -1
|

o Generation of map

o Any two adjacent squares MUST differ in
only one variables (top-bottom left-right

edges also considered adjacent)

«DCeD C+D C+D

o

=
o
S

=]

=
——

.
=

B B o
B

C
28 &

=]

=
s
[~




! Karnaugh Map -2

o Procedure
+ Fill “1” into the map, then “0” for the rest

+ Loop adjacent “1” into cells of 2,4,8 cells

- Each “1” must be covered by at least one cell T = ABCD + ABCD

- Cell number: as small as possible +ABCD + ABCD
- Cell size: as large as possible D
C C CeD C+D C*D C+D

E

b ' A+B ()
1 () A+B Ae

T = AB + AB T = ABC + ABC C
B 2 BRI By — MES126 #hmE 29
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! Karnaugh Map -3

+ Write new logic

T = ABCD + ABCD
+ABCD + ABCD
T = AB + AB T = =ACD +ABC
=A =

=
=]
SR
|
&=
=

=]
.

=
_—

o o
1 () 4B Ao

C
B 2 BRI By — MES126 #hmE 30

=|




* Karnaugh Map -4
|

o Ex: Revisit the same example
ABCD + ABC + ABD
D

CeD C*D C+*D C+D

.

* Sequential Logic -1
|
o A type of logic circuit whose output depends on

Input

Output

) ) . = | Combinational |
+ The present value of its input signals | togeciait | L,

: Feedback

I Memory | _I_L g.::;

+ The sequence of past inputs, “memory” Stae

+ Generally a bistable device which can have their

output or outputs set in one of two basic states

o Classification

« Event driven, asynchronous circuits that [ Seciential Legic ok }
change state immediately when enabled i i }
mE::m Driven fg::."( Driven Puizs Driven
+ Clock driven, synchronized to a specific S S
clock signal i o

+ Pulse driven, a combination of the two
37 ‘




* Sequential Logic -2

o Basic gates using relays

+ AND

Ladder diagram

Signal flow ;
9 | Coil of Relay X1
\% Gnd
e ) v
Sequence ~— o)
flow pd
X1-a X2-a
A
© o 0 o A/ X10 ]
/ A-a A-b Output
O O OO
l X2 O <
ON =V
‘ ‘ OFF = Gnd
Output
Switch of Relay X1 NAND = AND + NOT
a: normally open Switch A-a & A-b
b: normally closed
38 i‘
* Sequential Logic -3
1
o Basic gates using relays
+ OR
v GND
i 5 o1
Output
o e ST
5(1—'2 @ V or GND
]
A-a b -
O O O

‘ Output

9>

NOR = OR + NOT
Switch A-a & A-b

39 i‘




* Sequential Logic -4

o Basic gates using relays

+ NOT
\
\% Gnd %
D Qutput
7o ® o AR 8
x-b x-a E
O O O O
Re
Output P
40 ‘
* Sequential Logic -5
1
o Basic gates using relays
\% X4 Gnd
il (%)
+ XOR . e
oo @ X109 X+X2
o xo s
o — Xo O] 21 OT
Xi-b Xra ° . )_(1)(2
@,
A-a A-b
O O O O
T=X1)_(2+)_(1X2
\ X4 Gnd
o - RTE oo )
X2
7o @ Xy o
X1a Xza

T=X1X2+;(1)_(2




! Sequential Logic -6

o Latching function p #* i%3¥, a SR flip-flop circuit

5 6 @) s L o7
R _
5o (R) A Ta=(S + To1) 'R
R-b S-a =SR +T,_4R
T —(®
A-a
A-a A-b
O O i OIS
Output

WERGRIEATER— MES126 MomAs

! Sequential Logic -7

0 SR (set-reset) flip-flop

(2

0 F— R

Q
Qni1 = R - (Qn + S) (red color = 1)

1 e
| Q
Ry 0 Pr———————
— RESET 1
RESET 2 ! ----
2 R =l p—t 3

Time

D S P °
0

----_ :
1

1

1

1

|

Hold state
1 0 1 Set
0 1 0 Reset
-- 0 1 Hold state

Excitation table (-- doesn’t matter) Truth table
B 2 BRI By — MES126 #hmE 43

o

—
X O = 2 X O -~ O

- O =~ O -~ O -~
- A O O = A O

—




! Sequential Logic -8

o SR flip-flop

+ Basic forms

gl‘Sé‘[I

R (reset)

NAND Flip-flop

o Active HIGH ..

Q Set a

Reset 0 Reset a
NO T-NAND Flip-flop NAND-NOT Flip-flop

Set Q Set o

Reset a Reset Q

NAND-NAND Flip-flop NOT-AND Flip-flop
WERGRIEATER— MES126 MomAs

! Sequential Logic -9

o Clocked (Gated) SR flip-slop

— CK
+ A synchronous system, to regulate the set/reset S —
t|m|ngS B SR Flip-fl
asic ip op] 5 |+| :
| |
R : M
: l
K MMM
I |
| 1
S R

Q
“‘NOR” SR — HIGH inputs ' '

o SR Flip-flop with Preset and Clear Inputs

WERGFIRATER— MES126 MomAs




! Sequential Logic -10

o Clocked JK flip-flop
+ = Clocked RS + “flip” (when J - K = 1)
Qn+1 :]'Q_n'l']?'Qn

Lgp 5 ---
| I
J | -

o
CLK - 0
: 0 1 0 1
K @
[ 0 0 1 0
----_ R
Qn Hold state 1 0 0 1
0 1 Set 1 1 0 1
1 0 1 0 Reset 1 0 1 0
Qn 1 1 Qn Toggle 1 1 1 0

Excitation table Truth table
BERGEIZHEER— MES126 #iD R Li

! Sequential Logic -11

D 0—

o D flip-flop e

+ =SR/MUJK + NOT
+ One control input, forcingS-R=0o0rJ-K =0

e D =1set(S); D =0reset(R)

Basm SR Fl:p—ﬁop

— Dat ) |

Qn+1 - D i | 6 ] Q

CLK @— | / I

| I

]

With Inverter : |

(NOT Gate) 3’_1_ !

1 I

CK O @[ ... e
Data @—

10y B
7 o}— P

CK Without

) | Inverter
D —

B 2RI B R — MES126 #h 3¢ Li

ol

\ :: \
e
S e

m
8
(2]
o
pal
T
=
=
[=]
-0
o

> !
=l
=)

———————%

@L

]
I
I
I
I
I
I
4




Sequential Logic -12

o T flip-flop

—L )

pu— f— . T . . ” ip-Flo)
Qn+1—T€BQn—T Qn+T Qn s ‘ e L qrey
T Flig-Flop | H
) ) 1 ,——C—
T T3, 3 J Q Qutput 0 Q Qutput
T s Q Q
Input Input
CLK T CLK B Pulse T Pulse T
o «_a B
\\_ _/
JK Flip-flop D-type Flip-flop
Corwversion Conversion
J=K=T J-K=1
0 0 0
---_ 01
Qn Qn Hold state 1 0 1
Qn 1 0, Toggle 1 1 0
Characteristic table Truth table
M 2RI B R — MES126 Mimas 48
Sequential Logic -13
o Popular flip flop ICs
74L573A Dual Negative-edge Triggered JK Flip-flop with Clear
741574 Dual Positive-edge Triggered D-type with Preset and Clear
74LS575 Quad D-type Bistable Latch with Enable
741576 Dual Pulse Triggered JK Flip-flops with Preset and Clear
74L5107 Dual JK Flip-Flop with Clear
74L5111 Dual Master-slave JK Flip-flop with Clear
7415175 Dual Positive-edge Triggered D-type with Clear
7415279 Quad SR Latches with Active-LOW inputs
49
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* Sequential Logic -14
|

- NG ,:_'_ﬁ 2
o Interlock function = 4 = §&
v X1 GND

5o (1)

\Z

* )

570 G2
X1-a X2-b 0100 0100

A

O O— O O— @

X2-a X1-b
(8)
O O— —CO O @

>

o
P
o

O
@)
O—
Qg
®,

o]

o
‘?“
o

O
(@]
O_
g
Q

50 -

‘ Sequential Logic -15
|
o Motor forward/reverse control using relays

(power) F-MC
Vs OO\ D ( O —. Forward
(m
GND oO—— J‘(@* J ;)
STOP
\_( @J Motor:
50

2 lines: DC, AC (110V — 1p, 220V - 1p)

R-MC 3 lines: AC (220V 3p)
PBS-F GND
1
(signal) O O
v Forward Features:
- F-MC-a limit switch R-MC-b ) _
5 o 52 Power-Signal separation
STOP Latching
Forward/reverse interlock

Auto-stop (limit switches)

Multiple sets of control switches?
(onsite & remote)
Forward/reverse — parallel

L Stop - serial

Reverse
limit switch

51 -




‘ Sequential Logic -16

o Motor forward/reverse control using logic gates

Driving circuit

Motor:
2 lines: DC, AC (110V — 1p, 220V - 1p)

(power) ?

Vs OO\ D e

o o] KEQTJ ®
R-MC

Control circuit
VCC

3 lines: AC (220V 3p)

Interlock Latching

STOP

Forward

52 l‘

‘ Registers -1

|
o Register

+ A set of memory elements which is used to hold information

until it is needed

Input 1

| Parallel Data Output |

Input 2

Serial D
Data —
Input

qQ Serial
7 Data Input 3
o5
16t | bt |1kt |7 1-bit Oripa

Input 4

|_Parallel Data Input |

Clock
oc &

Load —

D O F—— Output 1
Ck

[
D Q Qutput 2
CK

7]
D O —— Output 3
CK

Q
D 0O F—— Output 4

CK

Use “load” to control update timing
53 .




* Registers -2

o Shift register

+ A cascade of flip flops, sharing the same ClockPuseo
clock, in which the output of each flip-flop is 1 -
connected to the "data" input of the next 2 1
flip-flop in the chain, resulting in a circuit | ’ il
1
that shifts by one position the "bit array"
. 1
stored in it s o7 Lo
1 1 Clk
0 [0 [0 P P
S¢i@ b ol2sjp al+fp al2+l0 alleo o, oMo o to lo
Datain |"kpa FFB FFC FFD RIS T
CLK CLK CLK CLK a ici : :I I: : : : i :
Clc-ck_'|l 1 1 o !ch:c|_|c:c
a iciuiuiui1lu
54
* Registers -3
1
o Configurations
+ Serial-in serial-out (SISO) 0 o o
[S)::n DFFAQ T l:JFFBQ 1 DFFCD ml DFF DO ”-
Serial
" L Pl PR WL /fﬂ’muw‘ CLK CLK CLK ok | Do
) ) - : Clock [ l l J
. . 4-bit Parallel Data Output
+ Serial-in parallel-out (SIPO) "o, a
. ! 'i-rl”rlo O.--I.-D 7 o..I...a G T
o Conversion between serial and cuan | FFA | | B FFC FFD
parallel interfaces = 3 T i
Clock |
. . {0 @ D Q D c'—-s-_'-a|
+ Parallel-in serial-out (P1SO) FFB d Data au
CLK CLK CLK
| |
P Pe Ps Pay
4-bit Parallel Data Input
55 .




* Ring Counter -1
|
o Ring counter

+ A type of counter composed of flip-flops
connected into a shift register, with the output

of the last flip-flop fed to the input of the first,

making a "circular" or "ring" structure il il
L . i} b ¥ §  hw
+ EXx: A 4-bit ring counter, “mod-4 r _F_F_F ;
Fﬁ-dba::l.oopl_ﬂotalom
4-bit Parallel Data Output L ) .
Feedback 3., i, % Q! Clk .—f ! ‘_fz l_f 3 le 5 L! S‘L*I.
PLreset_l‘?_ iwp-‘- L L - ? ! [ | ) : . : . '
og;c DO1DODDOGDOJ : :1:-:6
FFA FFB FFC FFD ‘I—I i
I~ 1

b
i q! I
CLK CLK CLK CLK Qs — : - :
CLR CLR CLR CLR I | I
m 101 0 | 0 |
Clock el [ [
' : . 1! ) | B |
Clear o | -l 0 1+ 0 1 ¢ [ =t

56 L

* Ring Counter -2
|
o Johnson (Twisted) ring counter

+ Connecting Q of the last flip-flop back to the input D of the first flip-
flop

+ n-stage counter — 2n states

+ Ex: A 4-bit Johnson ring counter, “mod-8”

Clc’d\- pUISE Nc.
o] ] 0 ] 0

o Four “0”s and four “1”s, 8-bit pattern

1 1 0 0 0
4-bit Parallel Data Output
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Ring Counter -3

o 2-bit quadrature generator
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2-bit Quadrature Oscillator, Count Sequence

The End

o Questions?
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