Today
3/8/11 Lecture 8

Sequential Logic, Clocks, and Displays
* Flip Flops and Ripple Counters
e One Shots and Timers
 LED Displays, Decoders, and Drivers

Homework
o« XXXX

Reading
« H&H sections on sequential logic and clocks.

Lab

 If you have questions:
Email or call me on my cell (up to 10pm)

Phsx 262 Laboratory Electronics Il Spring 11 Lecture 8 Page 1



Review of Logic Gates

Schematic symbol Algebraic example

AND gi:}Q QZA-B
il >"e  Q=AsB

NOT AL>O—2Q Q=A
e L] R A-B=Q
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Combinational versus Sequential

Combinational logic:

Output state of the circuit is dependant
only on the present input states.

Sequential Logic:

Output state depends on both the present
Input states and on previous history.

A Sequential Logic circuit has memory!
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RS Flip-Flop

RS FF
S 1 , This circuit cannot be analyzed combinatorially.

2 Q  The output is determined by considering these NAND

functions temporally, that is, discussing the state of the
Inputs Outputs outputs (Q, and Q’,) after some event in terms of (Q, and
Q’,) before.
1
4 6 ' — ° and Q ! — ° Q
NANDs

If S =1 and R =1
then Q,=S:-Q', =Q/,
and Q' =R-Q,=0Q,

If Q' = NOT(Q,), then state is unchanged.

The state only changes when one of the inputs (R or S, but not both) are briefly
toggled low (FALSE).
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State Table for RS FF

Toggle “Set” input (with R=1)

S Q3Q,|RQ, O’;L

00(1|] O |0 [|QiIs"“set”high

0111 0 |0 J|ifS goes low

10(1| 0O |07

11101 1 |1 [|Nochange if
both high

Toggle “Reset” input (with S=1)

R Qg | Q'yS* Q,]I Q1 :

00 |1 00 L Q Is “reset” low

01 |1 0 [0 J [|iIfRgoeslow

% 8 (1) 8 8 | [ No change if
J | both high

Phsx 262 Laboratory Electronics Il Spring 11 Lecture 8

Set

S

RS FF

State Table

QQ

? 7
10
01
No Change
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D-type Master-Slave Clocked Flip-Flop
D-type

D.at A 1

¢ 3 9
10

+

12
- ﬁ 6 13 )O —
5
JUL )
[ L 3
CLK >0

Master
Operation: Q=D and Q’=not(D) when CLK goes high.
No change when CLK is low or goes low, even if D changes
No change if D changes after CLK goes high
Data is clocked and locked when CLK transition from low to high

(Detalls: )
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74L.S74 Chip-Dual D-type flip-flop
with Set and Reset

RDO [1 ~ [14] Ve
Do [2] [13] RD1
CPO [3] [12] D1
soo [4] 74LS74 [11] cP1
Qo [5] [10] SD1
Qo [6 9] Q1
GND [7] 8] Q1

9]
lw)
o
=)
- .
(N
¥
[
il
f\
[}
A
i\
[\
[

*—

) 59 .

—®

L
U0 U
ol

| \
J \

Vee =Pin 14
GND=Pin7

SF00048
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FUNCTION TABLE
INPUTS OUTPUTS OPERATING
5o [Ro [cP | D | @ | @ MODE
L H X X H L | Asynchronous set
H L X X L H | Asynchronous reset
L L X X H H Undetermined*
g H H T h H L Load "1”
va H H T I L H Load "0”
“\ H H I X NC NC | Hold
NOTES:
H = High voltage level
h = High voltage level one setup time prior to low-to-high clock
transition
L = Low voltage level
| = Low voltage level one setup time prior to low-to-high clock
transition
NC= No change from the previous setup
X = Don'tcare
T = Low-to-high clock transition
T = Notlow-to-high clock transition

This setup is unstable and will change when either set or reset
return to the high level.
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Flip — Flop Shift Register

" " serial

Datain_{ ol b qlb alp gl dataout

Q2| QL T

Clock
pulses DCLK [>CLK l—>CLK |—>CLK

“1011" Is

clocked In
one bhit at a
time
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Datain
1011

Clock
pulses

Datain
1011

Clock
pulses

Data in
1011

Clock
pulses

Datain
1011

Clock
pulses

Datain
1011

Clock
pulses

—>-

A4

—

N

—— 1
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Clocked Flip-Flop: Divide by 2

! 10K

Sp
D Q Toggle-
Connected
>C‘K Flip-Flop
+ Q b
Ml Clock o
10K
l +5V
Ambiguous = Timing Diagram
Stﬂ[_z | | | |
Clk /4N )\ I |

»
L) (J
...............................................................................................................
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Ripple Counter

CLK4

Clock plus
n flip-flops Divided by 2
1 CLR’1 1 5 | cLk2 13 CLR’2 5
2 o1 Q - 12|, Q
CLK 3 6 11]
[ >CP1 Q'1— >CP2 Q22—
Clock APR1 10fpR2
7474 7474
1kHz

Divided by 2"

= Vcce

l J
|

1 13

CLR'1 CLR'2 CLE

2| @ = iyl @ S R
CLK/16

3 6 11 8 _

>CP1 Q11— ™ >CcP2 Q24— =
4 1pR1 PR'2 62.5 Hz
7474 7474

For 7474,
pin 7=GND
pin 14 =Vcc

CLK "[_l_lﬂ_'llm L

CLK2

pAgE\giyigAgigigls
1 T O N

kK

ceka I LT LT LI L

o (I: S [ F—
CLK16 —J
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Ripple Down Counter

gigighyl

0]1]0

1
1

11 0
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—
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11 0 O
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CLK
CLK2

0
0
0

1
1

CLK4

1

1

1

1

1
0
1
1

0
1
1
1

Q0 0 1

QL 0 1

1

Q2 0 1

0
1

0
2

0O 0 0 0O

0
7

1
8

1

Q3 0 1

5 4 3

6

HexO F E D C B A 9
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Ripple Up Counter

gigighyl

1
0

0
1

1
1

O 0 0 O

[ L L

1
11 0 O

1 1 1 1
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1

O 0 0O 0O O 0 O O
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0
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Astable Multivibrator

The astable multivibrator is an oscillator.
The period and duty cycle are properties of oscillator.

1 .
| f =— In Hertz
t, Period I
) , p
< ; > —; “— Depending on whose definition you use
high low

L.
%Duty Cycle High = % .100

tp — thigh T tlow OR p

%Duty Cycle Low = t'ﬂ-loo

tp
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Timer Circuits - 555

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

GND +Vee
TRIGGER come DISCHARGE
v
_t 6
OUTPUT — THRESHOLD
oo CONTROL
HESET VOLTAGE
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[ ] | ] [ ]
[imer Circuits - 555  wf, ~ f.
__l_ cC
FUNCTION TABLE 7
TRI . e
RESET TRIGGER THRESHOLD | | =07 | DISCHARGE GGER Jg— DISCHARGE
VvOLTAGET VOLTAGET SWITCH .t
Low Irrelevant Irrelevant Low on 3 . 6
: : OUTPUT e . b THRESHOLD
High <13 Vpp Irrelevant High Off
High >113Vpp =2/3Vpp Low on
High =13 Vpp <2/3Vpp As previously established RESET 4 s o) 5 CONTROL
VOLTAGE
_ Vee RESET
Functional 8 CONT
5
Block §
Diagram 6
THRES
—
2 — ouT

VTHRES <> gvcc

1
VTRIG <> gvcc TRIG 2

:
']

GND
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One Shot with a 555

FUNCTION TABLE

RESET | voitacet | voracet | OVTPYT | “'swircw
Low Irrelevant Irrelevant Low On
High <13Vpp Irrelevant High Off
High >113Vpp >2/3Vpp Low on
High =13 Vpp <23Vpp As previously established

Vce
5Vto15V)
—&
L]
T
Ra é ~ 5 8
) CONT Vee § RL
40| RESET
¢—7 | DiscH .
6 OUT p—e— Output
9—— THRES
Input 2 | 1RIG
GND
T T

Voltage - 2 Vidiv

“*One shot” per trigger pulse

I I 1

Ra =9.1kQ
— CL=0.01pF
| RL=1kO

See Figure 9

Input Voltage
OutputI Voltage
/ / /
| Cap[)acltlor V?Itagle

Time - 0.1 ms/div

t, = 1.1R,C (pulse width from the spec sheet)
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Continuous Shots with a 555

1 8 I T Ot
GND —'—-TL _r— +VCC :
TRIGGER - ! DISCHARGE I l §HA
| <
3 6 § 4 8
OUTPUT e p—— THRESHOLD Ry
2 7
|
4 5 __ CONTROL Re
RESET —— VOLTAGE | g "
|
out | | £
| ::
.—'—' 3 5 C | —
% Ry : — | |
i I 0.01.F [ : .
L S aa ST S TS FRVESUUUTS JITEY FPETE PN PR S
_ _ — L : N\ %A
The charge time (output high) is given by: - // \ /" \ //
t, = 0.693 (Rs + Rg) C r A EE: v
And the discharge time (output low) by: 1
t, = 0.693 (Rg) C 00785108
Thus the total period is: Voo =5V Top Trace: Output 5V/Div.

TIME = 20us/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
T=t, +t,=0.693 (Ry +2Rg) C

The frequency of oscillation is:

R
ST ¥ Low Duty | , - 8| <5004
T (Ra t 2Rg)C Cycle Ra + 2Rs
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Setting Frequency of a 555 clock

The charge time (output high) is given by:
t, =0.693 (RA + Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus the total period is:
T=t; +1t, =0.693 (Rs +2Rg) C
The frequency of oscillation is:

1 1.44

f = —

T_ (Ra + 2Rg)C

Note: Max R,+2Rg is 20MQ

C — CAPACITANCE (uF)

100

10

0.1

0.01

0.001

|
2, N2, \& z\'z
N \\\
N\, N\,
(RA"'ZRB) \\\
|
0.1 1 10 100 1k 10k 100k

f — FREE-RUNNING FREQUENCY (Hz)
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50% Duty Cycle Clock with 555

n 4 O +Vee
Ra
51k
B
4 8 22k
2 7 A
LM555 o — 2 J
1 —— 0.01:F
0.01:F

]
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Q07851 18

For a 50% duty cycle, the resistors R, and Rg may be
connected as in Figure 14. The time period for the output

high is the same as previous, t; = 0.693 R, C. For the output
low itist, =

Rg — 2R
[(RA Re)/(Ra + RB)] C ¢n 12—33——'4:]

Thus the frequency of oscillation is

_ 1
ty + to

f
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Display Technologles LED

LED - Light Emitting Diode
 Normally operates at ~10mA

e Drops ~1.7V

» Has typical Solid State Diode
IV Characteristics

* Available in many different
colors (Physics achievement!)
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Top Metallic

Proton Bombarded
Contact \

Semi-Insulating Barrier
p+ GaAs

p AlGaAs

Actlve Region

n AlGaAs

n GaAs Substrate

Bottom Contact

Emitting Region

+5V

Ny

3300hm
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7/-Segment LED Display

a
I
Connected
f b CANobe to +5V
g v
]
e e e e e e e e
e C a b c d e f g dp
. 4
I Pin A
d dp No. | MAN3410A, 3610, 71A, 3810A 3300hm
1 Cathode A
MAN71A ¢+ < = 2 Cathode F
PIN =1 3 Common Anode =
3 \ / { 4 No Pin
5 No Pin
070" / 6 No Connection
{940 mm) Bl 7 Cathode E
y ﬁ‘:ﬁ 8 Cathode D
(18.75 mm) — 9 Cathode D.P.
£010 I , ] 10 [ Cathode C
- 11 Cathode G
12 No Pin
13 Cathode B
! 14 Common Anode
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LED Display Devices

7 _ S e m e nt MIN. TYP. MAX. UNITS TEST CONDITIONS
g MAN71A, 72A, 73A, 74A
. Luminous Intensity, digit average 125 350 ucd k=10 mA
D I S p I ay (See Note 1 and 3)
Peak emission wavelength 660 nm
Spectral line half width 20 nm
1% Forward voliage
80 Segment 2.0 v l;=20 mA
80 MANJOA SERIES Decimal point 2.0 Y l-=20 mA
%0 Dynamic resistance
Segment 2 Q lx=100 mA
< 60 Decimal point 2 Q =100 mA
f 50 Capacitance
- Segment 35 80 pF V=0
40 Decimal point 35 80 pF V=0
k4 Reverse current
2 [ Segment 100 uA Vi=5.0V
I Decimal point B 100 A Va=5.0V
10 /
MAN71A
o - 10 15 20 MAN72A
Ve - VOLTS Ca26 MAN74A
) Power dissipation at25°Cambient ....................... 480 mwW
Fig. 6. Forward Current vs. Derate linearly from 50°C. ............................... -6.9 mW/°C
Forward Voltage Storage and operating temperature ...................... —40°C to +85°C
Continuous forward current
Total ..o 240 mA
Persegment......... ... i 30 mA
Decimalpoint. ... ... ... . . 30 mA
Reverse voltage
Persegment. . ... ... 6.0V
Decimalpoint. . ... ... . 6.0V
Soldering time at 260°C (See Notes 4 and 5)............... 5 sec.
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BCD

A; | A, A | Ay | Dec
Binary Coded Decimal maps a four 0 19/9]° 0
bit binary code directly to decimal 0101911 .
numbers. 0 191119 ?

00|11 3
Great for using binary to provide the L :
human interface, but is really A >
Inefficient binary “packing” so is 0111110 O
rarely used internally in circuits. R e e !

1 /00| 0 8

1/0]0]1 9
Chips are available that perform the 1 1ol 11 ol undef
conversion binary — BCD — binary. TIvTvly 1

1 | 1|1 1 | Undef
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BCD Decoder-Driver__ .,

COMMON
ANODE

Logic Symbol 7-Segment LED Display {

e FETTTTTY
_ T

A0 A1 A2 A3 LT RBI |

BCD Al—1 16 = Vee g g 3300hm
Decoder-Driver A2— 2 157
B/ LT3 BCD 14}y

a_p o _d o f_g RO Bi/RE0— 4 Decoder 2=
i i i i i i i i RB—{5 -Driver 12[~b

1312 1110 9 15 14 4 -

Ve =Pin 16 AS—6 e — An LED |S
GND =Pin 8 AC— 7 10 f—d
GND—| 8 gl on when
chip output
goes low.

Numerical Designations—Resultant Displays

0 1 2 3 4 5 6 7 8 3 10 11 12 14 15

0 103456 189 sV

7-Segment LED Display
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Truth Table - BCD Decoder

Truth Table

Note

(Note 2)

(Note 2)

(Note 3)

(Note 4)

(Note 5)

Outputs
d

b

BI/RBO

Inputs
A2 A1 A0 Bl

A3

RBI

LT

H
H

H
H
L

Decimal
or
Function

10
11

12
13

14
15

L¥STvLNA
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Lab 7: Ripple Counter with Display

TN o R

— *”—
g | 40t AN & :
Clock »  Ripple L1 Qs o .
Counter 1 Q,
Q2 Qb Q Q
t X R R
Ad Al Al A,
/‘ v v v
BCD
Decoder
Driver
- < - %%f%%ff
7
- segment
Display
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