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Esercitazione: Convertitore analogico-digitale

- 22 -

STUDENTE: …………………………………..

CONVERTITORE ANALOGICO-DIGITALE 

Il circuito in figura è una possibile realizzazione di un convertitore analogico-digitale a 8 bit.
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L’amplificatore operazionale a collettore aperto svolge il ruolo di comparatore tra la tensione sul piedino invertente V- e la massa, fornendo però in uscita tensioni compatibili con la logica TTL. La tensione V- è determinata dalla caduta di tensione sul resistore R1: V-=Vin-Iout*R1. Iout è la corrente d’uscita (ma è entrante!) del DAC; tale corrente è nulla quando il numero N in ingresso al DAC è 0 e viene incrementata in passi costanti all’aumentare di N. Se la scala di conteggio è a 0, Iout sarà anch’essa zero e sul piedino invertente ci sarà una tensione V-=Vin; se Vin>0 l’uscita del comparatore sarà al livello logico basso ‘0’. Tale livello, riportato sugli ingressi CLR dei Flip-Flop, forzerà quindi a ‘0’ le uscite Q1 e Q2 dei due flip-flop. Q1 è inviato all’ingresso C di clock del registro, il cui Output Enable va messo a massa, e fa sì che in uscita venga mantenuto il valore precedente. Q2 è inviato invece sull’ingresso CLR di azzeramento (che è invertito all’interno dell’integrato) del contatore e che lo abilita a contare. All’aumentare dei conteggi seguirà un corrispondente incremento di Iout e quindi una diminuzione della tensione V-, generando quindi una rampa decrescente di tensione (costituita al massimo da 256 gradini). Quando tale rampa scenderà sotto 0 V l’uscita del comparatore passerà al livello logico alto, producendo una transizione utilizzata per comandare la fine della conversione (EOC). Tale livello alto infatti, trasferito sugli ingressi di CLR dei Flip-Flop, farà sì che Q1 diventi alto al successivo impulso di clock, abilitando il registro al trasferimento del dato ( il trasferimento avverrà quando ancora il contatore non ha incrementato il conteggio). Al clock successivo, anche Q2 diventa alto azzerando così il contatore e facendo ricominciare il processo di conversione. 
Nel realizzare il circuito, si consiglia di procedere nel seguente modo:

1) prelevare e controllare all’oscilloscopio l’OUT TTL del generatore di segnali digitali in sostituzione dell’oscillatore;

2) montare il contatore, ponendo temporaneamente a massa l’ingresso di CLR, e verificare che conti gli impulsi di clock controllando l’andamento della tensione del bit meno significativo all’oscilloscopio (inserire una capacità di filtro da 100nF tra Vcc e GND);
3) montare il DAC connettendolo  al contatore e alla resistenza R1 con Vin=10V (con il generatore di segnali analogico). Sul piedino 4 del DAC si dovrà osservare una rampa decrescente di 256 gradini;

4) montare il resto del circuito eliminando la connessione a massa dell’ingresso CLR del contatore che va invece collegato all’uscita Q1 del flip-flop;

5) montare l’oscillatore, in modo da ottenere una frequenza del segnale di clock, VCK, compresa nell’intervallo 100Hz-1kHz, verificarne il funzionamento guardando l’uscita e sostituirlo all’OUT TTL del generatore di segnali digitali usata fino ad ora.

Impostare Vin in modo tale da ottenere un valore sul display compreso tra 05 e 09. Riportare Vin ed il numero di gradini osservato della rampa:

Vin=…………………………..                          num.gradini=…………………………….

Variare la tensione Vin e verificare che il numero sul display cambi concordemente. Riportare in grafico  il valore della tensione letto sul display (portato in base decimale) in funzione della tensione d’ingresso  per Vin=2,4,6,8,10 V.  Verificare la linearità della risposta:
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Osservare all’oscilloscopio V-,  VEOC, VCK,  VQ1, VQ2 e riportarli in grafico mantenendo la loro relazione temporale ed indicando le scale su entrambi gli assi; tenere presente nel visualizzare VQ2 che tale segnale dura molto meno degli altri: infatti, dopo l’azzeramento del contatore, VEOC va a 0 riportando rapidamente a 0 anche VQ2.
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Lista e Data Sheets degli integrati utilizzati: LM311,MC1455 opp. NE555, 74393, DAC0800, 7474, 74374, DM9368, MAN74A. 
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10.0 Schematic Diagram (note 20)

BT g

T ———————




 [image: image10.png]11.0 Connection Diagrams

Metal Can Package

Top View
Order Number LIIT11H, LI11HISB3(Nols 21) , LW211H or LM311H
See NS Package Number HOSC

Dualin-Line Package Duakin-Line Package

U U

B >y o .

Order Number LI111J-5, L111..8/853(Note 21), s
LM 11, LMS WX or LMSTIN Top View
See NS Packags Number J03A, MOSA or NOSE Order Number LU111/883 Nls 21)

See NS Package Number J14A or N14A

=] W =

Order Number LIT11WiB83(Nota 21), LW111WGIs83
See NS Package Number W10A, WG10A

Nots 21 s vt pr A43ES1010204

LW VLZW VLN



 [image: image11.png]MC1455, MC1455B,
NCV1455B

Timers

“The MC1455 monlithic timing circuit is a highly stable controller
capable of producing accurate time delays or oscillation. Additional
terminals are provided for triggering or reseting if desired. In the time
delay mode, time is precisely controlled by one external esistor and

capacitor. For astable operation as an oscilltor, the free-runni

frequency and the duty eyele are both accurately controled with two
‘extemal resistors and ane capacitor. The circuit may be triggered and
reset on falling waveforms, and the output srueture can source or sink
upt0 200 mA or drive MTTL circuits

© Direct Replacement for NESSS Timers

© Timing from Microseconds through Hours
 Operates in Both Astable and Monostable Modes.
« Adjusiable Duty C
© High Current Otput Can Source or Sink 200 mA
« Output Can Drive MTTL

« Temperature Stability of 0.005% per °C
 Normally ON or Normally OFF Output
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Tims iy ) 5 vrisle by
changingRand (s Figurs 16

Figure 1. 22 Second Solid State Tima Delay Relay Circuit

Figure 2. Representative Block Diagram
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Figure 13. Reprasentative Circuit Schematic

GENERAL OPERATION

The MC1455 is a manolithic timing ciruit which uses an
external resistar - capacitor netwrk as i timing clemen. It
an be used in both the monosable (one-shot) and astable
modes with frequency and duty cycle controlld by the
capacitor and resisior values. While the timing is dependent
upon the external passive componerts, the monolithic ciruit
provides the sarting circui, voliage comparison and other
functions needed for  complete timing circui. Internal o the
rated cireuit are two comparators, ane for the inpul

sl and the ther for capcitor voltage: alsoa flip- flop and
al output are inchuded. The compa
Iways a fixed ratio of the supply volt
providing output tirming independent of supply volta

e thus

Monostable Mode

In the manostable mede,  capacitar and a single reistor
are used forthe timing network. Both the threshold terminal
ransistor terminal are connected I
jgure 14). When the input
1o the trigger comparator falls below 113 Vi, the
comparatar output triggers the flip-flop so that ts output
sets low. This tums the capacitor discharg
and drives the digital output o the b
allows the capacitor to char,
is set by the RC time constant, When the capacitor volta
reaches 23 Ve, the threshold compay
flip-flop. This action discharges the timing
retums the digital output o the low siate, Once the flp-flop.

¢ ransistor “oi”

state. This condition

1 an expanential rate which

o resels the

capacitor and

has been i

an input signal, it cannot be ret
until the present timing pericd has been completed. The time
that the output is LIRAC
Various combinations of R and C and their asociated times
are shown in Figure 16, The trigger pulse width must be less
than the timing pericd.

A reset.pin s providad 1o discharge the capacitor, thus
interrupting the timi asthe resel pin i low,
the capacitor discharge transistor is tumed “on” and
prevents the capacitor from charging. While the resel
 is applied the digital output will remain the same.
The reset pin should be tied ta the supply voliage when not

is given by the equation t

volta

e B0V 15y

Ictent

‘i Yok oot

Figure 14. Monostable Circuit
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Figure 15. Monostable Waveforms
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Figure 17. Astablo Circuit

Astable Mode

In the astable mode the timer is connected so that it will
er tself and cause the capagitor vall
between 13 Vec and 23 Ve

The extemal capacitor chang Ryand
Ry and discharges to 113 Ve thiough Ry, By varying the
atio of these resistors the duty cycle can be varied. The
times are independent of the supply

el 1o oscillate

. GAPACTANCE ()

ot

To
po
dis
of

o

e 10 ons tmee 10 0 W

wTNEDELAY )
Figure 16. Time Delay

Tams

Figure 18. Astable Wavaforms

o obiain the maximum duty cycle Ry must be as small as
ossible: but it must alsa be large enough to limi the
scharge curtent (Pin 7 currer) withinthe maximum rating

the discharge trnsistor (200 mA).
The minimum value of Ry is given by

Veovde) _ Vec(vde)

RAz 7w =—0z

time (cutput high) i given by 0
1= 0595(R + RaIC
®
The discharge time (ouput low) i gven by
12 = 0595(Rg)C T e
R %
Thus the total pericd is given by H 3
T =11+ 1tz = 0.695(Ra + 2RB)C z “
o oauency ot sllaon's hen .2 1o 144 < oo
e wzra
and may be easily found as shown in Figure 19, o001 L
. T w o ok w
The dtycyceis g - PR RUNNGFREQUBICY
Y oy aiven by. 213} e
Figure 19, Free Running Frequency
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4-Bit Counter 1acfs 11208
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Count by 50% 'SN54LS390 . . . FK PACKAGE
© Typical Maximum Count Frequency . . . 36 MHz (ToP VIEW)
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Commutation >

7

104 14 18] 2cLR
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10g 17 15(] 2ck8
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Each of these monolithic circuits containssight
master-slave flip-flops and additional gating to imple-
ment. wo individual four-bit counters in a single
package. The 390 and 'LS390 incorporate dual
divide-by-two and divide-by-five counters, which can SHEA363, SNGALE093 .- J OR W PACKAGE
be used to_ implement cycle lengths equal to any oNTaLaans | OR N PAGKAGE
whole and/or cumulative multiples of 2 and/or 5 up

1o divide-by-100. When connected as a bi-quinary (Top view)
counter, the separate divide-by-two circuit can be adr Tndlvee
used to provide symmetry (a square wave) at the final 1eA G ;gg 2
output stage. The 393 and 'LS393 each comprise o ge vhon
two independent four-bit binary counters each having tacls  1of 208
a clear and a clock input. N-bit binary counters can oot SHae
be implemented with each package providing the ooy ooy

capability of divide-by-256. The ‘390, 'LS390, ‘393,
and LS393 have parallel outputs from each counter
stage so that any submultiple of the input count
frequency is available for system-timing signals.
Series 54 and Series 54LS circuits are characterized
for operation over the full military temperature range
of =§5°C to 125°C; Series 74 and Series 74LS
circuits are characterized for operation from 0°C
t070°C.

SN54LS393 . . . FK PACKAGE
(ToP VIEW)
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DAC0800/DAC0802

June 1989

8-Bit Digital-to-Analog Converters

General Description

monolthic £-bit high-spesd
nverters (DAC) featurin

DACO200 series are
output digital-to-analog

monotonic performance over a 40 to 1 ref:
fent range is possible. The DAGO800 series lso f
high compliance. complementary current outputs to
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-sc:
fent matehing of better than +1 LSE eliminates the need for
fullscale trims in most applcations while the nonlinearities
of better than £0.1% over temperature minimizes system
eror accumulations,

“The noise immune inputs of the
TTL levels with the logic thrsshold pin, V¢, grounded
ianging the V. potential il allow direct interface to other
i families. The performance and characteristcs of the
device are essentially unchanged over the full
+18Y power supply rangs; power dissipation is only
with £5V supplies and s Independent of the logic input
states,

DAC0800 series will acce

The DACO800, DACO802, DACOB00C and DACOBO2C are a

direct replacement for the DAC-0E, DA

and DAC-08H
Features

= Fast setting output current 100 s

= Ful scale emor: £1LSB

= Nonlinearity over temperature:  £0.1%

& Full scale current drit £10 ppm/ G

= High output compliance: =10V to +18V

= Complementary current outpts

& Interface dirsctly with TTL, CHOS, PHIOS and others
= 2 quadrant wide range muliplying capabilty

= Wide power supply range: £4.57 1o £1V

& Low power consumption: 23 m at £5

Typical Applications
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Non. Temperature Order Numbers
Range J Package (J16A) (Note 1)| N Package (NTGE) (Not= 1) | SO Package (M16A)
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Absolute Maximum Ratings (note 2)

It MilitaryiAerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply 18V or
Power Dissi 500 mw
Reference Input Differsntial \oltage

V1410 V15 r
Reference Input Common-iiode

Range (V14, V15) ~tov*
Reference Input Current 5mA

¢ Inpus. V" plus 3

Current Outputs

=15,

425 mA
TED v

(Note 4)

isceptibiity

Electrical Characteristics
The following specifications apply for Vs = +1

5V, lge = 2 MA and Ty <7,

e Temperature
3 Temp.
Duakin-Line Package (plastic)
Duakin-Line Pac
Surface Mount Par
fapor Phase
Infrared (15 sec

Operating Conditions note 2)

Min

Temperature (
DACOROOL 58

ering, 10 second:

Max

+125

= Ty Unless ofhenvise specified. ¢

260C
300

215¢C
220

itput char-

Soteristcs rfe to both logr and Topr,
BACOROILC DACO00LT
Symbal Parametor Gonditons DAcos0OLC units
in | Top | e | W | Ty | W
= O I R
Wonctoricty s | s |8 | e8| & | e
Nonincariy w01 w010 | wrs
w Seiting Trme T T 58, AT B Swiehed N S ™
ON or OFF Ty-25°C
DACoRO0L w00 | s | e
DAcosoLC P R
LA Propagaton Dy =
wrL | esenat s | w0 s | w0 | w
AIBis Sutched s | w s | o | mw
ol Scal Tompeo EE RS ET I i
Output Vollaga Comptance |l Seae Gurrart Gramge e O " v
<45 LSB, Rour 20 W2 Typ
Tor | Pl Seal Gt Tom | e | Zoo | Ter | T | Zor [ mA
x| ol S Symmany 755 [ o E N T
s Zoro Scae Curent [ 52 20 [
Tran | Ovipul Curen Range 20 | 21 20 [ 21 | m
20 | a2 20 | a2 | m
Toge o Lavels
W Logie 0 08 0s | v
Vi Logic “1 20 20 v
Toge i Currnt
W Logic 0 OV 20 | -0 20 | -0 |
n Loge 1 2Veveriay ooz | 10 ooz | 0 |
Vis. Logic Input Swing V=15V -10 18 -10 18 v
Vo Lo Thvhon Ramgs | Voo 0 FEE FE
T | Rotorence Bas Gurent S5 [ =0 S T T
A Rotorenca Tt Sow Rate | o 77 LI 70 [0 s
PSSirer | Pover Supply Serstty | 45VAV'ZTEV ooeT | a0n GoooT | oo |
= EEEREEY 00001 | 001 Tooor | oot | %
lace=1ma
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Legenda
Pin 1 
GND

Pin 2
Non collegato

Pin 3 
5VDC

Pin 4
non collegato

Pin 5
Bit 3 MSB

Pin 6
Bit 2

Pin 7
Bit 1

Pin 8
Bit 0 LSB
Pin 1





Pin 8















