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Today

* Fundamental concepts of digital systems (Mano Chapter 1)

* Binary codes, number systems, and arithmetic (Ch 1)

* Boolean algebra (Ch 2)

 Simplification of switching equations (Ch 3)

* Digital device characteristics (e.g., TTL, CMOS)/design considerations (Ch 10)
« Combinatoric logical design including LSI implementation (Chapter 4)
* Flip-flops and state memory elements (Ch 5)

» Sequential logic analysis and design (Ch 5)

» Counters, shift register circuits (Ch 6)

» Hazards, Races, and time related issues in digital design (Ch 9)

» Synchronous vs. asynchronous design (Ch 9)

* Memory and Programmable logic (Ch 7)

» Minimization of sequential systems

* Introduction to Finite Automata
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Course Roadmap

Logic Circuits

Combinatorial .
with gates

Circuits
Logic Circuits
with memory
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Course Roadmap

Logic Circuits

Combinatorial .
with gates

Circuits
Logic Circuits
Sequential with memory
Circuits
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Course Roadmap

Combinatorial Logic Circuits

Circuits with gates
Logic Circuits
Sequential with memory
Circuits
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Course Roadmap

Combinatorial Logic Circuits

Circuits with gates
Logic Circuits

Sequential with memory

Circuits :

Registers and
Counters
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Shift Register

S D Q D Q D Q D Q D Q D Q D Q So
[D [D [D [D [D [D |f>
Clk
Present State Input Next State Output

QO Ql QZ Q3 Q4 Q5 Q6 SI SICDOQl QZ QS Q4 Q5 SO:Q6

S, N-bitSIR Sof- SISO Register
7 Serial-in, Serial-out
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Shift Register Variants

Q(I) Qs Q% Q?i Q? Qs
S D QLD QL QLD QL 0

AL

>

T
(
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QuQ1Q; Qn-1
| 11 I

S, N-bitS/R S,
T
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SIPO Register
Serial-in, Parallel-out
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Shift Register Variants

Do Q? D, Qll D, Q% Ds Q? D, Qf Ds Q? Ds QEI;
—> —> —> —> > —> —>
Clk e ® o & ® &
DODl D2 DN-l
L1 |
i PIPO Register
- r N-bit S/R Parallel-in, Parallel-out
I 1 1 |
QOQlQZ QN—l
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Shift Register Variants
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D Q = SO
@
DO Dl D2 DN-l
| 1 | I
/s - -
s> N-bit SR So SerlaI/Par_aIIeI Register
T Parallel-in/Serial-in,
1 | | | Parallel-out/Serial-out
QOQlQZ QN—l
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Tandem S/Rs

« Serial registers

2N-bit S/R >

J—— i nl
Clock
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Generic Moore Machine

—P| State B j » Outputs
N\
N N\
m M
State
Transition |[€—
Controls
Inputs an ” T

» All state-to-state transitions are potentially allowable.
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S/R-based Moore Machine

S/R .
—> State < j » Outputs
N\
N N\
1 M
State
Transition |[€—
Controls
Inputs an ” T

» Only specific state-to-state transitions are allowable.
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Shift Register Sequences

State
Transition
Controls
[ _
T3 Output
Mapping
—»1S, N-bitS/R Sy
- [
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Shift Register Sequences

State Transition Controls

Input
=&

¢ Output Mapping

—

———»{S, N-bitS/R S
-
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S/R Data Scrambler/Encryptor

e Fracasi scrambler:

S/R S/R
Sequential Sequential
Function Function
F(X) F(X)
Input ¢ i Descrambled
+ +
Data >O "O > Data
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S/R Data Scrambler/Encryptor

e Fraccassi scrambler:

o o
N-bit N-bit
S/R S/R
<_
Input i T T L
Data z u
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Data
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Course Roadmap

Combinatorial Logic Circuits

Circuits with gates
Logic Circuits

Sequential with memory

Circuits :

Registers and
Counters
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Generic Moore Machine

—P| State B j » Outputs
N\
N N\
m M
State
Transition |[€—
Controls
Inputs an ” T

» All state-to-state transitions are potentially allowable.
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Counter Moore Machine

Counter .
—> State < j » Outputs
N
N N\

m M
State
Transition [€—
Controls

 State-to-state transitions follow a counting sequence
* Inputs (if any) may be used to set counting range, direction, starting point
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Counters

 Binary Ripple Counter

Clock >

1_K

Clock
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Counters

 Binary Ripple Counter

,_\
I
A
Q
I

-
I
A
Q
I

[}

[}

Clock |

I [} [} [} [} [} [} [} I [} I [} [} [}
———————————— r_—————— —_—————— e ————— —_———— - - - - EEE—————— —

[} [} [} [} [} [} [}

[} [} [} [} [} [} [}

B [} [} [} [} [} [} [}

[} [} [} [} [} [} [}
_____________ e __ Il e Il e Il R RIS

[} I I I I I [}
————— +r-----—t----——t--—-——t-—t----t-————t-—-———t -t -—-——t-———-t-—_——_-—-—-— .-+ —_——_—-—_- - - —————

[} [} [} [} [} [} [} [} [} [} [} [} [} [}

[} [} [} [} [} [} [} [} [} [} [} [} [} [}

[} [} [} [} [} [} [} [} [} [} [} [} [} [}

[} [} [} [} [} [} [} [} [} [} [} [} [} [}
_____ N O S R R S R N R S H N S N R

T | T T | T T (m T T | T T |

CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology

: 1-396
Summer-1 2004 All rights reserved



 Binary Ripple Counter

CpE358/CS381

Counters

A B C
1—J Q 1 —J Q 1 —J Q}—
Clock >
1 —K Q= 1 —K Q= 1 —K Q=
_____________ SN SN S IS S SN S N S S S S———
Copyright ©2004
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Counters

* Binary Ripple Counter (idealized)

A B C
1—J Q 1—J Q 1 —J Q}—
Clock >
1 —K Q= 1 —K Q= 1 —K Q=
Clock
A
B i E i E i E i
C o b A i
————————————— s SEREEEE B ! ! ! e e A R

000 111 011 101 001 110 010 100 000 111 011 101 001 110
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Q b—

1_K

Q b—

Counters

1_K

Q —

1_K

* Binary Ripple Counter (more realistic)
Clock >
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Cascading Counters

1 —T
Clock > ol
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Cascading Counters

Q—

Clock & o
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Cascading Counters

Clock & o
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1 —T

...———————————-—D QF

Cascading Counters

Clock & o

Clock
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Ripple Counters vs. Synchronous Counters

| 0

| 0

A B
FJAR(A'B’C) FJBR(AaBaC) FJBR(A’B'C)
Clock
FKAR(A'B'C) e FKBR(A-B-C) — FKBR(A!B!C)
A B
Fias(AB.C) — | Fis(AB,C) — | F,ss(ABC)
FKAS(A’B’C) _— FKBS(A!B!C) re— FKBS(A'BvC)
Clock ®
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« BCD Counter:
State table

Present Next
State State
0000 0001
0001 0010
0010 0011
0011 0100
0100 0101
0101 0110
0110 0111
0111 1000
1000 1001
1001 0000

CpE358/CS381
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Summer-1 2004

Synchronous Counters
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Jp

* BCD Counter: J-K inputs

BA

00 01 11 10

DC

ool 1

01

11

10

0010

01

11

10
00| O

01

11

10
00| O

01

11

10

CpE3s&esse
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Synchronous Counters

BA
00 01 11 10

DC
00

01
11
10
00

01
11

10
00

01
11

10
00

01
11

10

X

Kp

&opyright ©2004
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J-K operation:
0——0

0——1

1——0

1

X

0

1

Present Next
State State
[ cooo [ oom |
0001 0010
0010 0011
0011 0100
0100 0101
0101 0110
0110 0111
0111 1000
1000 1001
1001 0000
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Jp

Synchronous Counters

* BCD Counter: J-K inputs

BA BA
DO 00 01 11 10 DO 00 01 11 10

00| 1 00| X

01 01

KA

11 11

10 10

00] 0 00| X

01 01

11 11

J-K operation:

10 10
00| O | | | 00
01 01

11 11

10 10

0
K, O—X>O

A=Y

0——1

X

OOO||| OOX||| 1 0

01 01

11 11

10 10
CpE354
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X
1
X
1— 1
KD
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Present Next
State State
0000 0001
0001 0010
0010 0011
0011 0100
0100 0101
0101 0110
0110 0111
0111 1000
1000 1001
1001 0000
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Synchronous Counters

* BCD Counter: J-K inputs
BA

00 01

[EEN
=
[
o

DC
00

'JA 01
11
10
00

01
11

10
00

01
11

10
00

01

J
D11

10

CpE35%

=
X

XlIo|lolloIXxIX|IollolxI—~,lIX]IX]X

XIPIOUXIXIXIPUXIXIXIXEXTX]IX]X
XIOIOXIXIXIONXIXIXIXIXIX]|P |-

XIXIO|Ool|lo|XIX][olloIX]|O|OoIr|IX]F

X

X

X
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BA

DC
00

01
11
10
00

01
11

10
00

01
11

10
00

01
11

10

00

o
[y

[ —
H
[ —
o

J-K operation:

0—2 50

X
0——1

1——0

1——1

XIXIXEIXIXIOIXUAXIXICIONX XXX

Kp

OIXIXIXUIXIXIOIXUXIXIXIXNEXIXIX]IX
FIXIXIX XXX AXTIX XX I X]|P |-

XIXIXIXIXIXIPIXAXIXIPIEPEXIX]|IP]F

X
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Present
State

Next
State

0000

0001

0001

0010

0010

0011

0011

0100

0100

0101

0101

0110

0110

0111

0111

1000

1000

1001

1001

0000

1-409



Synchronous Counters

* BCD Counter: J-K inputs

BA BA
b\ 00 01 11 10 b\ 00 01 11 10
01| X|X

1
‘JA011XX1 11X K,
IMPX I X XX XX
10 X1 X1 X X1 X
cojO 1| X X 00| X 1) O
oL O N1 | X X 01| X 111 O
Jg Kg
1 XI XXX 11| X X X
10100 XX 10| X X X
ooloJOot1llO 00| X X1 X
J01XXXX 011 0 10K
Coa | XXX X 11| X X[ x| ¢
101010 XN X 10] X XJI X
0000|OO 00| X X|I X
orloJOot1llo 01] X X[ X
‘JD KD
11XX5X 11| X X[ X
W)X XXX 101 0O X
CpE354
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J-K operation:
0——0
0——1

1——

l——

0
1

Present
State

Next
State

0000

0001

0001

0010

0010

0011

0011

0100

0100

0101

0101

0110

0110

0111

0111

1000

1000

1001

1001

0000
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Synchronous Counters

* BCD Counter: J-K inputs
BA BA

DC 00 01 11 10 DC 00 01 11 10
00| | X[ X] )] oo} X|1]1]|X]
3, % 1x{x]1 o1 X|1]1]|X] K
1| XXX ] X] 1| X XXX,
10 \LEX XX 10X 121 IX]|X
ool O |1 ]| XX ool X[X|1])10
J0101XX 01XX1OK
B x| x| x]|x ufx|Ix|x|x| ™®
1000 XX 10] X (X1 X X
00]0]0f1]|0 00| X | X | X X
; 01 X | X | X[ X 01]0J0f1]]0 "
© | XXX X | X [XX|X] ¢
101 0| O | X]| X 100 X | X X X
oom oo X |IX | X|| X
JOlOOiO 01XXXXK
Do x| xIx] x | xx|x|x] °®
Cp]ég)&'x X)X X 10] 011X Xeopyright©zoo4
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Jp=
Ky=1
Jg = AD’
Kg = A
Jo=AB
Ke = AB
Jp = ABC
Kp = A

Present
State

Next
State

0000

0001

0001

0010

0010

0011

0011

0100

0100

0101

0101

0110

0110

0111

0111

1000

1000

1001

1001

0000
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Synchronous Counters

« BCD Counter

1 —K Q]— K Q= K Q- K Q
Clock —e ® ®
Jy=1 Jg = AD’ Jo = AB Jp = ABC
Ky=1 Kg = A K. = AB Kp = A
Present JpKp JcKe JeKg JaKa Next Present JpKp JcKe JsKs JaKa Next
State State State State
0000 00 00 00 11 0001 1000 00 00 00 11 1001
0001 01 00 11 11 0010 1001 01 00 01 11 0000
0010 00 00 00 11 0011 1010 00 00 00 11 1011
0011 01 11 11 11 0100 1011 01 11 01 11 0100
0100 00 00 00 11 0101 1100 00 00 00 11 1101
0101 01 00 11 11 0110 1101 01 00 01 11 0100
0110 00 00 00 11 0111 1110 00 00 00 11 1111
0111 11 11 11 11 1000 1111 11 11 01 11 0001
CpE358/CS381 Copyright ©2004
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« BCD Counter

Synchronous Counters

Present JpKp JcKe JeKg JaKa Next
State State
0000 00 00 00 11 0001
0001 01 00 11 11 0010
0010 00 00 00 11 0011
0011 01 11 11 11 0100
0100 00 00 00 11 0101
0101 01 00 11 11 0110
0110 00 00 00 11 0111
0111 11 11 11 11 1000

Present JpKp JcKe JsKg JaKa Next
State State
1000 00 00 00 11 1001
1001 01 00 01 11 0000
1010 00 00 00 11 1011
1011 01 11 01 11 0100
1100 00 00 00 11 1101
1101 01 00 01 11 0100
1110 00 00 00 11 1111
1111 11 11 01 11 0001

CpE358/CS381
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Varieties of Counters

» Counters with Parallel Load
Normal counter operation

DODl D2 D3
[ 11 |

e LD— 0
111
QuQ1Q2Q3

CpE358/CS381
Switching Theory and Logical Design
Summer-1 2004

State Load C, D;D,D,D, Next State Co
0000 0 1 XXXX 0001 0
0001 0 1 XXXX 0010 0
0010 0 1 XXXX 0011 0
0011 0 1 XXXX 0100 0
0100 0 1 XXXX 1000 0
1000 0 1 XXXX 1001 0
1001 0 1 XXXX 1010 0
1010 0 1 XXXX 1011 0
1011 0 1 XXXX 1100 0
1100 0 1 XXXX 1101 0
1101 0 1 XXXX 1110 0
1110 0 1 XXXX 1111 0
1111 0 1 XXXX 0000 1

Copyright ©2004
Stevens Institute of Technology
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Varieties of Counters

» Counters with Parallel Load
Normal counter operation

D0D1D2 D3
L1 11
A Py I
e LD— 0
I 1T 11
QuQ:2:Q;

CpE358/CS381
Switching Theory and Logical Design
Summer-1 2004

State Load C, D;D,D,D, Next State Co
0000 0 1 XXXX 0001 0
0001 0 1 XXXX 0010 0
0010 0 1 XXXX 0011 0
0011 0 1 XXXX 0100 0
0100 0 1 XXXX 1000 0
1000 0 1 XXXX 1001 0
1001 0 1 XXXX 1010 0
1010 0 1 XXXX 1011 0
1011 0 1 XXXX 1100 0
1100 0 1 XXXX 1101 0
1101 0 1 XXXX 1110 0
1110 0 1 XXXX 1111 0
1111 0 1 XXXX 0000 1

Copyright ©2004
Stevens Institute of Technology
All rights reserved
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Varieties of Counters

» Counters with Parallel Load

State Load C, D;D,D,D, Next State Co
Loading next state in parallel

D,D,D,D; = ABCD
[ 11 |
— CI CO —

—r LD——F‘

1
QpQ:Q,Q5 --> ABCD

XXXX 1 X ABCD ABCD 0
CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology
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Varieties of Counters

» Counters with Parallel Load

D0D1D2D3
[ 11 |
— I LDp—

1
QuQ:1Q2Q5

CpE358/CS381
Switching Theory and Logical Design
Summer-1 2004

State Load C, D;D,D,D, Next State Co
WXYZ 0 0 XXXX WXYZ 0
Copyright ©2004

Stevens Institute of Technology
All rights reserved
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Varieties of Counters

» Counters with Parallel Load

DoD;, D, D3
| 1 1 1

— 1 LDp—

1
QuQ:1Q2Q5

CpE358/CS381
Switching Theory and Logical Design
Summer-1 2004

State Load C, D;D,D,D, Next State Co
0000 0 1 XXXX 0001 0
0001 0 1 XXXX 0010 0
0010 0 1 XXXX 0011 0
0011 0 1 XXXX 0100 0
0100 0 1 XXXX 1000 0
1000 0 1 XXXX 1001 0
1001 0 1 XXXX 1010 0
1010 0 1 XXXX 1011 0
1011 0 1 XXXX 1100 0
1100 0 1 XXXX 1101 0
1101 0 1 XXXX 1110 0
1110 0 1 XXXX 1111 0
1111 0 1 XXXX 0000 1
XXXX 1 X ABCD ABCD 0
WXYZ 0 0 XXXX WXYZ 0

Copyright ©2004
Stevens Institute of Technology
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Cascading Synchronous Counters

DyD,D,D; DyD,D,D;

DyD,D,D;

LD—0

_————]————

QuQ1Q2Q5

QuQ1Q2Q5

Clock

B S e e My Skttt o

ittt St e e s e B

—_——————

] 1)
I

" "
B

I
I
I
I

+H---+
I
I
I
I

41---9-

Clock___

Qia |

(O PYNu N N

Coa -

|
I
— -

Qop ---
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Programmable Synchronous Counters

LSB MSB
D,D,D,D, D,D,D,D, D,D,D,D,
L1 11 L1 11 L1 11
— G Co C, Co C, Co
A B C
I LD ul LD I LD}——e¢
111 111 111
QuQ1Q2Q3 QuQ1Q2Q3 QuQ1Q2Q3
Clock
®
State Next State Coa Cos Coc
b11b16bobg bbgheb, bb,biby | byibygbgby bibgbsb, babobiby+1 | 0 0 0
ABCD EFGH 1111 ABCD EFGH+1 0000 1 0 0
ABCD 1111 1111 ABCD+1 0000 0000 1 1 0
11111111 1111 b,1b,00gbg b;bgbsb, bsb,b;by, 1 1 1

CpE358/CS381

Switching Theory and Logical Design

Summer-1 2004
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Applications of Programmable Counters

* Programmable divide by N frequency divider:

2K-N
- ci C cl Clp={co cl co o] Clock/N
J LD -| J LD -| J LD|-| J LDp=
Clock
CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology

Summer-1 2004 All rights reserved 1421



Applications of Programmable Counters

Synthesized
Frequency
Channel Selection, N f— N f
S~ ., 'R
K
* PLL frequency synthesizers used in
— TV, radio, cellular phones, PCs, modems, etc.

CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology 1-422

Summer-1 2004 All rights reserved



Applications of Programmable Counters

£ IA

-j

f /B

£ IC
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Timing Signal Generation
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Ring Counters

*Only 1 FF is set at any given time

States

10000
01000
00100
00010
00001

10000

i

D
[

D Q
—J'A

Clock
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“Switch-tail” Ring Counters (Johnson Counter)
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Summary

* Fundamental concepts of digital systems (Mano Chapter 1)

* Binary codes, number systems, and arithmetic (Ch 1)

* Boolean algebra (Ch 2)

 Simplification of switching equations (Ch 3)

* Digital device characteristics (e.g., TTL, CMOS)/design considerations (Ch 10)
« Combinatoric logical design including LSI implementation (Chapter 4)
* Flip-flops and state memory elements (Ch 5)

» Sequential logic analysis and design (Ch 5)

» Counters, shift register circuits (Ch 6)

» Hazards, Races, and time related issues in digital design (Ch 9)

» Synchronous vs. asynchronous design (Ch 9)

* Memory and Programmable logic (Ch 7)

» Minimization of sequential systems

* Introduction to Finite Automata
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Homework 10 — due in Class 12

* Show all work
* Problems 6-11, 6-23, 6-29
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