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MSI logic circuits

Memory

ADC / DAC _

17 HeM ©2013, Logic Design 2 2




Review (1)

* Logic gates

AND 7 )X

XNOR ) -0
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dee Review (2)

» Flip-Flop: SC-FF, JK-FF, D-FF
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deo What i1s encoder/decoder

Encoder /
N inputs DeCOder M outputs




deo Decoder

 Decoder N inputs, M outputs
— Input: represent a binary number
— Activated output: corresponding to the input number

e May not utilize all of 2N possible input codes

[ Ag
.A —< OO
1
h Iﬂ 01
N A, | M
inputs | @— Decoder —0 0, outputs
L . A o OM—1 J
N-1
2N Only one output
input is high for each
codes input code
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Decoder — Example

e 3-line-to-8-line decoder
— binary-to-octal decoder

— 1-of-8 decoder
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ilis Decoder — Example
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Decoder — ENABLE inputs

e Some decoders have one or more ENABLE
iInputs to control the operation of the decoder

« Example: 74138

E, E;E5
Ay Ay Ag 5%
I I I ' Ey E; E3 || Outputs
£ T '
74ALS138 0 O 1 |{ Respond toinputcode A;A;Ao
1-of-8 decoder 1 X X || Disabled - all HIGH
X 1 X Disabled - all HIGH
l’ I T T T T I T X X 0 Disabled - all HIGH

0, Og Os 04 030, 0, O,
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m Exercises

e Determine outputs of 74xx138
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deo 741.5S138 Circuit

(MSB)

o
¢



E Problem 1

* Using four 74138s
to implement a 5-t0-32
5-t0-32 decoder decoder

5 inputs

32 outputs

TTTTTT
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Decoder - Combination

 Four 74ALS138s and an INVERTER can be
arranged to function as a 1-of-32 decoder

> -
A, * P °
Az o L 4
A - » T DO—I
A, ®
(MSB) 015V l l
123 = 1123 = 3 = 1123
Gy, G/ g
Ao ArA, E AgAA, E AgA A, E Ao A A, E
74ALS138 74AL.S138 74ALS138 74ALS138
Z Z, Z3 Zy

01234567

01234567

01234567

01234567

???T?T??

T‘f‘l’??‘l"f‘l’

‘|5

T‘I"I’TTTTT

??‘i’?????
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e 4-t0-10 decoder (1-0f-10
decoder)

— Activate one output that
corresponds to BCD input

— Invalid inputs (1010 - 1111):
none of outputs will be

activated 5c B A

L

7442
1-0f-10 decoder

[T

Og Og 0, Og 05 0,4 05 0,0, O

BCD-to-Decimal Decoder (7442)

Inputs
D C B A || ActveOutput
L L L L Oo
L L L H O,
L L H L 0,
L L H H 05
L H L L O,
L H L H Og
L H H L Og
L H H H 0,
H L L L Og
H L L H Og
515 EAS VERRY A LA None
; 5 s, REE . 32 None
H L None
LIPS 1 Mk e o None
HoioWsiH L None
H H. H W H. None
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Decoder Applications

« Counter/Decoder combination used to provide

timing and sequencing operations

CP,
g

1 pps

JLL

}—:o> 74LS293 Q,

CPy

MR,

CTR q,

DIV16
Q;

Q,

MR,

(a)

|

+24V
Og
D olo—
>— +24V
C _ K,
g 7445 O O¢
BCD-to-
A decimal o— K,
decoder/ [0 0,
driver 0
o—
%
c=
Og

Note open-collector symbol

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CLOCK
24V

energized

energized
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BCD-to-Decimal Decoder/Driver

Open-collector outputs can operate at higher
current and voltage limits than a normal TTL
outputs

Directly driving loads: LEDs, lamps, relays, dc
motors, ...

Example: 7445 outputs can sink up to 80OmA iIn
LOW state

, Logic Design 2
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T
/-Segment LED

e Form the decimal characters 0 =2 9, sometimes
the hex characters A 2> F

« Use light-emitting diodes (LEDs) for each
segment

 Normal brightness: 10mA, 2.7V

]

i R I
| [ S O T A

e C — e ——

d

_ b and ¢

segments
(a) (b)
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| Exercises
e Determines outputs for each case .
—Inputs DCBA = 1001 —
—Inputs DCBA = 0110 'I Ib
_Inputs DCBA = 0011 S—
—Inputs DCBA = 0000 e' IC
d

— D Is the most significant bit

— 4-bit BCD Input, each output Is
activated more than one combination
of inputs

g
¢ -



BCD-to-7-segment Decoder/Driver

e Common-Anode, Common-Cathode LEDs

input B

| A

ankhg{

controls

LED test
input

J +VCC

——d BI/RBO

——RBI
— Iy,

BCD-
to-

7-segment

decoder/
driver

7446 or 7447

limiting
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O—AM- e

b {:]
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For current &
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BCD-to-7-segment Decoder/Driver

TRUTH TABLE

OUTPUTS

\/
BIRBO

INPUTS

NOTE

9

A

C

D

RBI

LT

DECIMAL

OR
FUNCTION

10

11

12
13
14
15
Bl
RBI

LT
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Encoder

 The opposite of decoding process

 Encoder has a number of input lines, only one of
which Is activated at a given time, and produces
a N-bit output code

Ay ——> ——e 0,
A1 ——— _. 01
Az : Encoder : 02
| |
| |
| |
| |
Apm . = —8 Oy .
————’ b '
M inputs ~ N-bit
only one HIGH output code

at a time
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Encoder - Example

* Octal-to-binary encoder
(8-line-to-3-line encodeér

— Accept 8 inputs lines and et ,
produce a 3-bit output i @L&’o
code | | LS

Ay —— | .
A; — ™ .
8 | Ay ———

inputs

*Only one
LOW input
at a time

—————————————————
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Outputs

A?#zi 0 ?o

Inputs

dez Encoder - Example

O Q0O Q0O —Q «—

OO0 =00 «— «—

OO0 ™ ™ v ™

——— — ————

— =0 ™~ = -

XXX XX XXX

24

©2013, Logic Design 2



dee Priority Encoder

 When more than one input is activated at one
time, the output code will respond to the highest-
numbered Input
— Example: A6, A2, AO are activated -> output code is
110 (6)

e 74147 Decimal-to-BCD Priority Encoder

aY
A, —— 74147 _
' Decimal- [O—® 0,
: to-BCD B
| priority  [(O—@ O,
| encoder
éB_IO O_. Oo
Ag—o
Nine Inverted

inputs BCD
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dee Decimal-to-BCD Priority Encoder

— O 0O — QO — 0O «— 0O

- —— OO0 QOO — — —

OO ™= ™~ ™ ™~ = —

—XXXO ™= = — —

XXX XXO = = —
XX XXX XO — —

XXX XX XX O~

=X XXX XXX XO

either O or 1

X =

26
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dee Exercises

* Determine outputs of 74147 if Ag-A, Inputs are
—-1110111111
—All high except A,, Ag, A,
—All low except Ay, Ay, A



o
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Switch Encoder

+5V Pull-up resister
on each encoder
input shown
1 kQ only for SW9
SW9 5\9
@".'o / O
SWS8 :/ A
‘_..L._‘_A_‘E_io
SW7 A
6—6‘".——*—70
SW6 C A —
_m_ 6 O )
e o-—‘——Q 0O 3:> -o
SW5 Y 74LS147 | =
5 Decimal- 0O,
SW4 ' - to-BCD _
’_‘l_ | A4: priority | O
Sw3 @ - | encoder O— :D ¢
- 1 As o
= O—>—]
SW2 ¢ A
L—O-L.-——‘——ZO
SWi1 . 5\1
| D A
SWO -
_r—i-'o-—J—

Normal
BCD
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+t5V Pull-up

[ = /;]sci;t?rfor
Application e 0 :
Digit keys decoder/drivers
_9..."'." and displays
]
8 A B}
+ 12 D-FF: three 4-bit ~ f=— = [ Ledll
- - ¢ '
. . dibam® 7415147 O—Oz_l>° D Qo
FF registers e 7 ey
9 MG E-SNS
—( >
" 3 A Q, : C/L\KQQ
 JK-FF: control the oA L
fer of d he [ T
transfter ofr data to the I
. . 0 ¢% D Q
appropriate register I
. A= P i
e T-FF: One-shot e
oy S M
Q LJ X vy z—l— ‘ C/\;K
L b7 os S CLK > CLK oLk R
a I_KCLRR K ¥ KSETZ_I C,L\K4
to = 20 ms Q @) O 7 ’
Boniik
C/IL\K
Cisiﬂ to CLR inputs
r T e =y
= 1kQ "____/l\ [SP
+5V DC/L\KQ’
SHARET
CLK
| L
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Encoder / Data
Decoder busmg
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s Multiplexers (MUX - Data Selectors)

» Accept several digital data inputs
e Select one of them to pass on to the output
e Desired input is controlled by SELECT inputs

lo -

>y ®
PR Ou;put
...... .. .

R m— MUX SELECT input code
'DATA determines which input
Inputs ‘is transmitted to output Z.

SELECT
Inputs
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Basic Two-Input Multiplexer

* Boolean expression for the output
Z=1,5"+I,S
-S=0: Z=1,1+1,.0=1, (gate 2 enabled)
-S=1: Z=1,0+1,.1=1; (gatel enabled)

| |
| |
| |
Iy @= I I
DATA ! 1 !
_ [ ' s
nputs | —® Z=lg+S+ S
|
g @t I
I -
! _
I
I
|
|

|

I S Output

|

: O Z -— |0

, 1 Z =l
S 1 _________ .

SELECT input
©2013, Logic Design 2
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dce Other Multiplexer (1)

* Four-Input Multiplexer

=] Iy
T
I

Sy Sp | | Output
0 O Z =l
z 0 1 Z =
1 0 Z - |2
1 1 Z - |3

©2013, Logic Design 2
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dce Other Multiplexer (2)

« Eight-Input Multiplexer
e 16-Input Multiplexer

o 1 1y 13 1 15 Ig Iy

82 *~— 83 [
S o—i 74ALS151 S
S, @ 8-input MUX 2 @
"E' P O S1 L
7 A
Z Z
Inputs Outputs
E S, S; Sq Z Z
H X X X H L
L L L L lo o
L L L H T, I
L L H L IPar
L L H H I3 13
L H L L Ta g4
L H L H Ts g
L H H L lg g
L H H H 2 1y

« 74HC151
ly  MUX

* 74HC151
lo  MUX
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Other Multiplexer (3)
» Quad Two-Input MUX (74157)

l1a loa lib lop e 'Oc l1g lod
S DC * ¢ ha lip e ha loa loo loc log
| S | Y I | (117 110

- (i imiingiim il NS

S @

EJ :J jJ Zy, 2y Z, Z4
E S 2, 2, Z. Z4
H X L L L L
z Z Z, z
74ALS157 L L loa loo loc log
L H ha ho he
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Applications (1)

e Data routing :
— SELECT =1: 2?7
— SELECT =0: ???
— time-share

o
¢

<«——— Counter 1 ——

<«—— Counter 2——

BCD-to-7-segment

Qdecoder;’driver (7447)

BCD-to-7-segment
Qdecoderldriver (7447)

T {7711
0 || L

©2013, Logic Design 2

Tens Units ens Units
BCD BCD BCD <DI BCD
counter counter <DC-Z'IE#1 counter counter
COUNTER
SELECT l
[ ] lF RER
Iy 74ALS157 |,
' ' MUX
_L-OE (tens)
Tz 2] Z] ey ———
s ly  74ALS157 |
> S
MUX
_['OE (units)
- zlal ]z
A { 1

Dt
Clock #2
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dee Applications (2)

 Parallel-to -serial conversion

L

Storage
register

74HC151
8-input
MUX

=t

Tl o]

L

J
CLKY

B

-5 oo

K

CLK<

CLK<

1

e CLOCK
b LI
¥
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plications (3)

e Operation sequencing. In a control sequencer

Start pulse

U ]

1 1 1
— Q, JIe Q, JIe Q, 57 e
CLK <O—<L CLK<O—1_ cu<<O—¢r
1 1 1
cLr [™® cLr X[ cLr K[
Reset > i T T
- 1 A 4 y Y lv
Ig | I 15 14 1 | |
so 2 lalals o v
8-input
S, multiplexer
74HC151
Sz
15V Az A Ao
) S
3-line-to-8-line
E decoder
74HC138
OO (@]
— = (? = ACTUATORS SENSORS
= 0O, Og
Fill valve 1 CTank 1 full
Fill valve 2

@Tank 2 full
OTank 1T empty

Drain valve 1 A
> &)

Drain valve 2 Tank 2 empty

> ) Sa

Mixer = ,S—\Mix time over
> {85 (Ss)

Heater Up to temp.
> Bo) (5

Pump re Main tank empty
> (27 (5 T

Normally LOW
sensor outputs will
go HIGH to indicate
completion of step.

Inverting amplifiers
for driving actuators.
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2 Applications (4)

e Logic -function generation
— Select inputs: logic variables

— Data inputs: connected to O or 1 based on the truth

table

+ VCC

1kQ

FLA

A —S;
B @&——S;
C o—S;

74HC151 MUX

—'—'OO—-‘_:.OO (93]

—'O—'O-.no_.o >

—_—
Input
logic

variables

|

Z = ABC + ABC + ABC

©2013, Logic Design 2
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Demultiplexers (Data Distributors)

* Reverse operations with multiplexer
« Like a multi-position switch

DEMUX

Fo==== —— >0,
'f

>0,
pATA :>wf . . ~ DATA input is transmitted
iInput . .
) to only one of the outputs
e - . ~as determined by select input code

----- >0y

SELECT input

| BK l
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00 =]e (§2§1§0)

Y

0, =1+ (5,5,5))

0y =1 * (5,5;Sy)

HH 1

03 =] {§281SO)

1:
Ba
3
—d
T Fe 4 04 =] (Sz§1§0)
¢ 3—. 05 =]e (Sz§|SQ)
 —
*r—
_7>'—' 07 =]e (828180)
.—'
g
DATA input

2

1-Line-to-8-Line Demultiplexer

SELECT code OUTPUTS :
'S2 Sy Spff Oz O O Oy O3 O, O; O
0 0 O O 0o 0O O O o0 o I
0 O 1 o 0 0 O 0 O I 0
0 1 0 o 0 0 O O I O O
0 1 1 0O 0 0 O | 0 0 0
1 0 o0 0O 0 O I 0 0 0 O
1 0 1 0 0 1 0 0 0O 0 O
1 1 0 0 I 0O 0 O O 0 o0
1 1 1 I 0 0 O O O O o

. Data input
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Select
code

Data input
I

—A,
74ALS138
A1 decoder/DEMUX

deo DEMUX vs. 1-to-N Decoder

E, () —  L— _I -

5, — | _
0,-04 Logic 1

Waveforms for AjA;Aq = 000
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s Application (1)

e Clock Demultiplexer

CLOCK
1
~ 2
J) —e+5V
123
._' A2
Select code < @ A, 74ALS138
— A, DEMUX
OoY 0,70, (33 0,Y 051 Og O, | To other registers,
- - counters, etc.

Shift

- register
Counter

BK
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Application (2)

e Synchronous Data Transmission System

— Used to serially transmit M n-bit data words from a
transmitter to a remote receiver

— LSB of each register is connected as a data input to
the M-input multiplexer

 The data are said to be time-division-multiplexed
— Recelver: contains a 1-to-M demultiplexer

ogic Design 2 44
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Data register

Op
Az A | A | Ag MUX DEMUX pP—e
|l1 O,
Ba 82 B1 BO Transmitted_ >—9
I I I I 4-input data 4-output .
multi- °d demulti- , Received
s plexer z I plexer 0, data
C3 Cz C| CO ->—9
b O3
D3 D2 D] Do-l_» S1 SO S] SD —9
o o o ! | I ‘ ]
—
Shift 7
Q Q Q Q
Q 1 0 1 0 Q
L mop-4 | Lb MoD-4 MoD-4 s [ |"'mMoD-4 o
counter counter counter counter
. MR O MR MR ~C| MR
Shift
pulses Bit counter Word counter Word counter Bit counter ?{

L ]

Transmitted Shift

clock ‘ pulses

—a JuL

3
UL B 1
D X Q &—D Y-—T- Q
CLOCK o—
1 > CLK 0SS T<O— > CLK 0S T
&—D W ¢ 3 a K Y Q
| CLR | CLR
'>_O—|I—>CLK = _I-I- tp = Tus = (E -I-I- tp = 1us
TRANSMIT C'q')R

TRANSMITTER

-L|

|

|‘
|

RECEIVER

Synchronous data transmission system

©2013, Logic Design 2
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CLOCK

IﬁIIIIIIILIIL!II

TRANSMIT "~ |]
w
X
Y

I-I.In.alll.l|||l.|||||l||||ﬂoll
O a
o~ A R R o~
(@] a
a a
o I s
O a
™ ™ I
Q O
™~ 1 o~ .
|©) O
3) )

o 01 ||||| h
(©hn @)

™ ™ R
an} m

o™ ] ~ -
an} om

) ] o

.IO _ - — - —
aa] o

- = I..IQW. |||||||| -
<< <

|2 - T —
< <
< <
(=] o -
I..A - T |||||| -
~N (=] - o~ ™

g bt ty btz Yz ta Ys e 4y g T

tg

tg

ly

to ty g 13

46
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Application (3)

e Security Monitoring System : open/close status
of many access doors Is to be monitored.
— Each door controls state of a switch

— To reduce the amount of wiring to the monitoring
panel - use a multiplexer/demultiplexer combination

— State of each switch iIs displayed on LEDs

BK
&'“M ogic Design 2 47



330 Q

+5 V &—AAA—o—
+5Vﬁ—’\/\/j
|0 60 0//
r_.._:.L 0, 1|/:]/
From | — & |2
3 5 A7

150
i

doors 4 = — - +5V 0, 2
15 L 74HC15Y ° 74HC138 O—K]—T
5 N/
/// 5V MUX . DEMUX - 04 4| j
| s 5 _

1l
v

door 0 +5V

,LUSZ S1 Sp Az A A l:]

{ [
SE 1
L

PR B

Monitoring panel

Q Q Q

77 N - o
ki Security monitoring

J1LIL >— system

door 6 door 7
b ! CLOCK

| BK |
‘J ©2013, Logic Design 2 48




7 Magnitude Comparator

« Compare two input binary quantities
« Generate outputs to indicate which one Is greater

e /4HC85

Cascading
inputs

Data inputs

e

74HC85

1

magnitude
comparator

—
Outputs
©2013, Logic Design 2



Magnitude Comparator

TRUTH TABLE

COMPARING INPUTS CASCADING INPUTS QUTPUTS
Az, B3 Az. By Ay, By Ao. Bo la>8 la<g la=8 Oa-8  Oa<s  Oa=s
As> B, X X X X X X H L L
A <B, X X X X X X L H L
A;=B;  A,>B, X X X X X H L L
A3=B3 A2<82 X X X X X L H L
A3=83 A2=82 A1>B1 X X X X H L L
A3=83 A2=82 A1<B1 X X X X L H L
A3=Ba A2=82 A1:B1 A0>Bo X X X H L L
A3:‘B3 A2=B2 A1:B1 A0<BO X X X L H L
A3=83 A2=Bz A1=B1 AO=BO H L L H L L
A;=B, A,=B,  A;=B;  Ay=B, L H L L H L
A;=Bs  A,=B,  A;=B,  Ay=By X X H L L H
A,=B;  A,=B,  A;=B,  A,=Bg L L L H H L
A;=B, A,=B,  A;=B;  Ay=By H H L L L L

o
¢

H
L

HIGH Voltage Level
LOW Voltage Level

©2013, Logic Design 2
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Magnitude Comparator

e Cascading Inputs

— Provide a means for expanding the comparison
operation to more than 4 bits by cascading 2 or more

4-bit comparators

[TITTITT

Low-or de bits

Ag Ay Ay Ag

TTULTTT

"B, B, B, By

High-order bits
A; A; By Bg Bs By

la=8
OA>B

+5V
la>B _
E IA-(B 4-bit | <B
comparator 74HC85
- 74HC85 —
la-8

Oa<g  Oa-s

oo

Oasg Oa<g Oa-8

'ﬁmm

S 74HC85

> IA=B

Oa-g Oap<z  Oa-p

v

Y
8-bit comparison
outputs

©2013, Logic Design 2 51




Exercise

e Describe operation of the 8-bit comparator for the
following cases
— AL AAAAAAA, =10101111
B.B.B.B,B;B,B,B, =10110001

— AAAAAAAA, =10101111
B.B.B.B,B.B,B,B, =10101111

— AAAAAAAA, =10101111
B.B.B.B,B.B,B,B, =10101001



Magnitude Comparator - Application

CLR

SET

74HC85s
(as in Fig. 9-37)
Temp. sensdr
Ao
Analog- .
to-digital /8 . 0
: [: converter . A>B
A7
Oa=B
Keypad
Keypad Bo
encoder *
and /8 : OA<B
registers B,

Magnitude comparator used in a digital thermostat

©2013, Logic Design 2
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 dea
Code Converters

 Change data presented in one type of binary
code to another type of binary code

— BCD-to-7-segment decoder/driver is a code converter

— Some of the more common code conversion

« BCD to 7-segment
 BCD to binary
e Binary to BCD
e Binary to Gray code
e Gray code to binary
« ASCII to EBCDIC
« EBCDIC to ASCII

(EBCDICIis an alphanumeric code developed by IBM similar to ASCII)

BK
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e Basic idea

1 BCD-to-Binary Converter

— Inputs to the converter are the two 4-bit code groups
of the decimal value

» D,C,B,A,: represent the 10° or units digit
« D,C,B,A;: represent the 10! or tens digit
— Outputs: bgb:b,bsb,b.b, — 7 bits of the binary
equivalent of the same decimal value

10!

100

RS

-

Bco| Dy G By Ay

Do G By A

180

\

40

20
y

10
Y

8 1 4 l 2 ‘ 1 «— Decimal weights
A

Two-digit BCD-to-binary converter

164 132 116 18 14 lz 114——Decimalweights

b3 b, b, bo

bg

bg

Al

Binary equivalent
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BCD-to-Binary Converter

 BCD-to-binary converter can be accomplished
with either hardware of software

— Hardware method:. generally faster but require extra
circuit

— Software method: no extra circuit but take more time
(step by step)

— The method chosen In a particular application
depends on whether or not conversion time Is an

Important consideration

BK
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BCD-to-Binary Converter

e Conversion Process

— The bits have decimal weights which are 8, 4, 2, 1 but
differ by a factor of 10 from one code group to the next

— Decimal weight of each bit can be converted to its
binary equivalent

— Compute the binary suwf the binary equivalents of all bits
In the BCDrepresentation that are 1s
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BCD-to-Binary Converter
« Example: Covert 01010010 (525-p) to binary

3 Binary Equivalent

BCD Bit Weight bg bs by by b, b, by
A 1 0 0 0 0 0 0 1
B, 2 0 0 0 0 0 1 0
G - 0 0 0 0 1 0 0
D, 8 0 0 0 1 0 0 0
A 10 0 0 0 1 0 1 0
B, 20 0 0 1 0 1 0 0
G 40 0 1 0 1 0 0 0
Dy 80 1 0 1 0 0 0 0

01010010 (BCD)
’ L— 0000010 (binary for 2)
>0001010 (binary for 10)
>+ 0101000 (binary for 40)
0110100 (binary for 52)
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dez BCD-to-Binary Converter

« Circuit Implementation: use binary adder circuits

— AO: directly to b0
— BO, Al COntrlbUte tO bl, D, C; By Ay Dy Cp Bio A:O | BCD representation

]
Bty B l
Decimal sl
BCD Bit deh! b6 b; b4 b3 bz bl bO Ca 74HC83 Co
Ay 1 0 0 0 0 0 0 1 L 5L | <
B, 2 0 0 0 0 0 1 0
G 4 0 0 0 0 1 0 0
D, 8 0 0 0 1 0 0 0 1 Y =
A 10 0 0 0 1 0 1 0 c, T4HCE3 ¢, -
B, 20 0 0 1 0 1 0 0 LL LI |~
G 40 o 1 0 1 0 0 0 1t '
D, 80 1 0 1 0 0 0 0
‘Iv Yy | 1

A
Binary equivalent| bs bs b by b, by by
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Ao _
Data Busing

 Data bus: a common set of connecting lines for
the transfer of data

 Many different devices can have their outputs
and Inputs tied to the common data bus lines

e Devices tied to the data bus will often have
tristate outputsor tied to the data bus through
tristate buffers

 Some of the devices that are commonly
connected to a data bus:

— Microprocessor, semiconductor memory chips, Digital-
to-analog/Analog-to-digital converters (DACs/ADCS)
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AL

¢ Py >
. :
¢ »| Microprocessor
N *+5 - (CPU)
evice- >
8-bit counter ¢ >
Y
- ?e
e > . . .
- * Three different devices
T e I Devees are connected to data bus
CLOCK - buffers
ENABLE 1 > OF 7T‘ ; é ==1 ) )
D Only one device at a time
vl s o b IS enabled to avoid bus
Keyboard encoder * “T9 _DI;_ contention
v | || [switches
pne ¢ OE ¢
(— XTs ® < ENABLE 3
o ® L
:D T + Note: V indicates
~tristate outputs
ENABLE 2 > OF

| BK l
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dee /4ALS173/HC173 Tristate Register

 Tristate Register allow outputs of devices to be
tied to a data bus

| 'Input.s_ : FF Outputs
MR:TCP i, E, D, M aii
H X X X X L
L L X X X Qq
L I H X X Qg
L I X H X Qg
L I L L L L
L I L L H H

When either OE, or OE, is HIGH the output is in the OFF
state (high impedance); however, this does not affect the
contents or sequential operating of the register

H = HIGH voltage level
L = LOW voltage level
X = immaterial

o
¢

Qg = output prior to PGT

Data inputs

A

11T

E].—O
EQ.—O

&1._-0

()_EZ._O
CPo—(_p

D D, D,
74ALS173/HC173
\Y v \Y%

Do
Note:
V indicates
a tristate
output

\

MR @

.

lo3 102 101

~

Data outputs
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Input IE,—
Enable {us_z—o ¢ ¢ 4

L
~(
~

o1 t ' )

CP D CP D CP D CP D
- Cp a® [* ~Cp a® [
Q Q Q Q Q Q

MR-—DO—O ? 3

Output {oa—c ™ I |
o

Enable | OE,—| / ]
0

@

Logic Diagram for the 74ALS173 tristate register
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o \

Data bus O pe ration ot are it

 Example: Register —
register data transfer

— Each register has its
pair of OE inputs and IE
Inputs tied together

— 3 registers have their
inputs and  outputs
connected together

— Only one register have
Its output enabled, other
2 registers  outputs
remain in Hi-Z state

DB, DB, DB, DB,

I ® O
enabled at one time
—9 B!
1
= 0—:8 Dsa Daa Dia Doa
A ~
o 74HC173 'Et);ts
OEA.'Eg v
P CP 03a O O Opa
N ' ’
=3 1
*
[ L J
\ L J
K
o ._g Dsg Dg Dip Dos
IEg
Clock | O—CCC) 74HC173
I Eg v
——— o
PCP 0y 05 O Ogg
MR] ! L : +
= ] 9
?
A ' 4‘
Y
)
_ .ﬁ Dac Dz Dic Doc
IEc
s 74HC173
OE¢ v
PCP 0, 0y Opc Oqc
MH_L Y L —9
‘—“ﬂ———J
Data bus
ogic Design 2 64



Data bus Operation

e Data Transfer Operation

— The control unit will generate the signals that select
which register will put its data on the data bus and
which one will take the data from the data bus

— Example:

 t1: only register A have its output enabled
OE, =0 OE;=OE.=1

o t2: only register C should have its inputs enabled
IE.=0 IE,=1E;=1
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Bus Signals

e t1: Register A outputs are
enabled. Its data are
placed on bus

e 12: PGT of clock transfers
valid data from data bus
Into register C

* t3: Register A outputs are
disabled and data bus
lines return to Hi-Z state

— 1_
IEc 0
oE,
"o
1 | —_—
Clock |
0 , |
1 JPLE
ey A B B 9999999999995
P 0 o
I
DB 1 T IR
9 OW
| P,
1 l ,_l-—-L\1 '
DB, I
0 T
: L1
D1 999959995 ) LI I\ V9999555959958
0 I
0 L 1

Ghb4h454 = floating (Hi-Z)
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Simplified Bus Timing Diagram

e Use only a single timing waveform to represent
the complete set of bus lines

T
IE¢
0

OE,
0

1
Clock

DB, - DB,

0
1
0

ﬂ_—i
N — e emf - — — -_— -
§ S —
o—
-
N
e
A m— ead .
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Expanding the Bus

 The number of lines on the data bus will depend
on the size of the data word (unit of data) that Is
to be transferred over the bus

— Example: 8-bit word size - 8-line data bus

e Some devices will need to be connected to the
bus through a bus driver

e Bus driver

— Tristate outputs with a very low output impedance -
rapidly charge and discharge the bus capacitance

— Reduce transition time of signal
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dee Expanding the Bus

ENABLE
74HCH41
oel D,

Data Bus

11

AR

<

ADC D,

- -_— — = -_ = = =

74HC541 octal bus driver
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Simplified Bus Representation (1)

« Use on block diagram £
and in some circuit ] o
schematics PP DATA QLT (@

» The connections to and " :1>
from the data bus are . |
represented by wide ey e £
arrows Soke e oy

(8]
 The numbers In brackets . = Ie,>
([ D) indicate the number e \7
of bits of register anc BT ©
number of lines of data B o

g% bus
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Simplified Bus Representation (2)

e Bundle method

— A single line denotes the data bus
— /8" denotes an eight-line data bus

Y, Yg Ys Y4 Ya Yo Y, Yo

74HCH41

/8

Data
Bus

7
DodD; 1D, 10,40, 405 D6 1D,

ADAD; AD,AD3AD,ADsADgAD,

Microprocessor
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m . . . .
Bidirectional Busing

 Some devices have both inputs and outputs
connected to the data bus

— Inputs and outputs are connected together internal to
the chip

* Reduce the number of IC pins

 Reduce number of connections to the bus
— Input lines (l,/D, to 13/D3) and output lines (O, to O,)
nave been replaced by input/output lines (I/O, to 1/0,)

— /O line will function as either an input or an output
depending on the state of the enable inputs

- Bidirectional data lines
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DB, DB, DB, DB,

Bidirectional Busing

Bus

IE @—O /04 l
— e : 1/0 9
o 0 Bidirectional 2
OF register 1704 ’
CLOCK @ > CP 1/Og
1 | 1
1 | 1
) 1 1
IE @—O)
OF @ O Bidirectional : 4-wire
OF register /o bus
CLOCK @&—>CP

(4]

Data
Bus
1/O4 1/0, 1/04 1/Oq =
Bidirectional
register

Bidirectional register connected to data bus
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1 Summarize

<

v/ 1-ofN encoder/decoder

, BCD to 7 -segment
/ Multiplerer/dem P
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Review guestions

Can more than one decoder output be active at
one time”?

What is the function of a decoder’s enable input?

Which LED segments will be on for a 7-segment
decoder input of 10017

How does a priority encoder differ from an
ordinary encoder?

What are the functions of a multiplexer ?

What are some major applications of a
multiplexer?



deo Reference

« Chapter 9, Digital System — Principles and
Applications, Ronald J.Toccl, Neal S. Widmer
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