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m SCHMITT TRIGGER '

The use of 555 timer as a Schmitt
Trigger is shown in Fig. 8.24. Here the
two internal comparators are tied
together and externally biased at V/2
through R, and R,. Since the upper
comparator will trip at (2/3) V. and
lower comparator at (1/3) V., the bias
provided by R, and R, is centered within
these two thresholds.

Thus, a sine wave of sufficient
amplitude (> Vo/6 = 2/3 Voo = Vio/2) to
exceed the reference levels causes the =
nternal flip-flop to alternately set and Fig. 8.24 Timer in Schmitt Trigger Operation
reset, providing a square wave output
as shown in Fig. 8.25.

(2/3)V, A__/[_\__ ~N N\
VAR VARV Ve

Ve - —
Py s e

Fig. 8.25 Input output waveforms of Schmitt Trigger

555

0.01 uF

It may be noted that unlike conventional multivibrator, no frequency division is taking place
and frequency of square wave remains the same as that of input signal.



Linear Integrated Circuits ‘

EXY VOLTAGE CONTROLLED OSCILLATOR (VCO }

A common type of VCO available in IC form 1s Signetics NE/SE566. Thg pin con'ﬁguratiOn
and basic block diagram of 566 VCO are shown in Fig. 9.7 (a, b). Referring to Fig. 9.7 ()
a timing capacitor Cy is linearly charged or discharged by a constant current source/sink
The amount of current can be controlled by changing the voltage v, app!led at the modulating
input (pin 5) or by changing the timing resistor Ry externgl to IC chip. Tbe vqltgge at pin
6 is held at the same voltage as pin 5. Thus, if the modulating voltage at pin 5 18 increaseq,
the voltage at pin 6 also increases, resulting in less voltage across Ry and thereby decreasing

the charging current.
+Vee

Ry
EConstant
current
source/
50— -
Ground | 1 8 |*Vee sink
Kl :] Modulating = 40 N
, Buffer CHmi
NC[ 2] Neseses 2] Cr Input, Ve trigger

output S |

— | o LiL mnl
Sq. wave 37 6] R; 7 ,‘:’; J r_l_
output —
Tri lar i, Modulation ~ Cr
ruan\%:v er 4 5] o ‘[’1 R, R, Inverter
L

(a) (b)

Fig. 9.7 Voltage controlled oscillator (a) Pin configuration (b) Block diagram

A small capacitor of .001 puF should be connected between pin 5 and 6 to eliminate possible
oscillations. A VCO is commonly used in converting low frequency signals such as EEGs,
EKG into an audio frequency range. These audio signals can be transmitted over telephone
lines or a two way radio communication systems for diagnostic purposes or can be recorded
on a magnetic tape for further reference. ’

The voltage across the capacitor Cy is applied to the inverting input terminal of Schmitt
trigger A, via buffer amplifier A;. The output voltage swing of the Schmitt trigger is designed:
to Vg and 0.5 V. If R, = Ry in the positive feedback loop, the voltage at the non-inverting
input terminal of A, swings from 0.5 V¢ to 0.25 V. In Fig. 9.7 (c), when the voltage on
the capacitor Cr exceeds 0.5 V¢ during charging, the output of the Schmitt trigger goes
LOW (0.5 V). The capacitor now discharges and when it is at 0.25 Vi, the output of
Schmitt trigger goes HIGH (V). Since the source and sink currents are equal, capacitor
charges and discharges for the same amount of time. This gives a triangular voltage waveform
across Cyp which is also available at pin 4. The square wave output of the Schmitt trigger
is inverted* by inverter A5 and is available at pin 3. The inverter A, is basically a current
amplifier used to drive the load. The output waveforms are shown in Fig. 9.7 (¢).

The output frequency of the VCO can be calculated as follows:



0.5V,
o+Vee

Qutput T ‘ / ‘

at pin 4 / — t
\ ; P\r

‘ <

v ‘

0.25V,,

AW\

cc o R, /‘6‘ ~ ‘8 7 ; vy
Schmitt ] Modulating | F —°
trigger input, v, 001|uF |
output s—J _{a e l; 566 ;
05V, o=l | g
' L___/ JuUL
Vee L R, ' ’
Output T = S 7 1]
atpin3 T
inverted = Gy |
by A, 05V L{
(c) (d)

Fig. 9.7 (c) Output waveform (d) Typical connection diagram

The total voltage on the capacitor changes from 0.25 Vi to 0.5 Ve Thus Av = 0.25 Ve

The capacitor chargers with a constant current source.
At Crp
r 0.25 V¢ i
) ) _— =
At Cr
0.25 Vo cC
T, At = —————.CC T (9.8)

l

The time period T of the triangular waveform = 2At. The frequency of oscillator f, 1s,

P S B
0 T 2At 0-5 VCCCT

Viee =
But, j=-0C % (9.9)
Ry
shere, v, is the voltage at pin 5. Therefore,

: 2(VCC -, )
f f, =< (9.10
| Cr RV ;

" The output frequency of the VCO can be changed either by (i) Ry, (ii) Cy or (iii) the voltage
at the modulating input terminal pin 5. The voltage v, can be varied by connecting a R\R,
cuit as shown in Fig. 9.7 (d). The components Ry and Cy are first selected so that VCO
tput frequency lies in the centre of the operating frequency range. Now the modulating
put voltage is usually varied from 0.75 V¢ to Ve which can produce a frequency variation

f about 10 to 1. With no modulating input signal, if the vol i is bi t
. ' ; tage at pin 5 is biased’ at
(1/8) Vi, Eq. (9.10) gives the VCO output frequency as, P

——
T —— . 4
xpression of f, depends upon the initial choice of the voltage v . If t} . W
) ' age v, 1e value ; is taken as 0.85 Vi then
f, comes out to be 0.3/R;Cy. e value of v, is taken as 0.85 Ve ther

Chapter 9
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£, = 2Wec -~ (T8 Vo) _ 1 0.25

a ) C
Cr Ry Vee 4Ry Cp Ry Oy (9.11)

Voltage to f—sequency Conversion Factor

A parameter of 1m

portance for VCO 1is voltage to frequency conversion factor K, and is
defined as

Af
K=

Here Av, 1s the modulation voltage required to produce the frequency‘ shift Af, for a voQ
If we assume that the original frequency is f, and the new frequency is f;, then
(Vo —u, +Av,) 2V -v) _ 24, L
Cr RyVie CrR1 Ve CrRr Ve R

2
Afo:fl_fo:

Af, CrRLV,
or, Av, = /e T2 N (9.13)

Putting the value of CpRy from Eq. (9.11)

AUC = Afo V00/8f0 (914)
or. Kv = A_fo :S—fo (9.15)
Av, Ve
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o' imetional value D, a0 thal, Start  EOC

Dad 2 ¢ dy2a . 4 d27 (10.3) R R el

\ § ' ‘ g \ d' e MSB
wherve I8 the mosl algniliennt bil. and o, in the least

e B ‘ : " d, |—%
atgnifionnt hit, An ADC usunlly han two additional A Talng  Digita
control lines; tho START input. to tell the ADC when to jpy —%  ABC e [oulpyt
atovt the conversion and the KOC (ond ol conversion) Y
oulput to announce whon the conversion is complete, d uata
Depending upon the type ol applieation, ADCs are T
dosigned [or microprocessor interfneing or Lo directly . Vo(Referance)

deive LCD or LISD displays,

ADCr are elassified broadly into two groups nccording
fo their conversion technique. Dirveet type ADCs and
Integrating type ADCs, Direct type ADCs compare a given analog signal with the internally
gonorated equivalent signal, This group includes

[flash (comparator) type converter

Counter type convorter

Tracking or servo converter

Successive approximation type converter

Integrating type ADCs perform conversion in an indirect manner by first changing the
analog input signal Lo o linear funclion of time or (requency and then to a digital code. The
two most widely used integrating type converters are:

Fig. 10.9 Functional diagram of ADC

(1) Charge balancing ADC
(i) Dual slope ADC

The most commonly used ADCs are successive approximation and the integrator type. The
auccessive approximation ADCs are used in applications such as data loggers anc
instrumentation where conversion speed is important., The successive approximation and
comparator Lype are laster but generally less accurate than integrating type converters. The
Nash (comparator) type is expensive for high degree of accuracy. The integrating type converte:
is used in applications such as digital meter, panel meter and monitoring systems where the
conversion accuracy is critical,

DIRECT TYPE ADCs

10.3.1 The Parallel Comparator (Flash) A/D Converter

This is the simplest possible A/D converter. Tt is at the same time, the fastest and mos!
oxpensive technique, Figure 10.10 (a) shows a 3-bit. A/D converter, The circuit consists of @
_resistive divider network, 8 op-amp comparators and a 8-line to 3-line encoder (3-bit priorit}

encoder). The comparator and its truth table is shown'in Fig. 10.10 (b), A small amount ©
hystoresis is buill into the comparator to resolve any problems that might oceur if both
inputs were of cqual voltage as shown in the truth table. Coming back to Fig. 10.10 (a}, &
cnch node of the resistive divider, a comparison vollage is available, Since all the resistors
are of equal value, the voltage levels available al the nodes are equally divided hetween the
roference voltage Vi and the ground, The purpose of the cireuit is to compare the analos
inpul. vollage V, with cach of the node voltages. The truth table for the flash tvpe AD
convorter is shown in Tig, 10.10 (¢). The circuit has the advantage of high spec(f as the



Analog
inputV,

o +V(Reference voltage)

Fig. 10.10 (a) Basic circuit of a flash type A/D converter !
2V

=

Voltage input

Logic output X

P S—

> Y,(MSB)
ERSEE S
> Y,(LSB)

+ X
+ Xe
+ X5 P
| 8-line
\x4 1 o
/ "I 3-line
P priority
¥ X5 b encoder
= ki
F_’
+ Xz
>+ X
NXO

P o

Vv, > Vg X=1 X

Vo < Y X::.O L Vpo———1—

V, = Wy Previous value /

Fig. 10.10 (b) Comparator and its truth table

Input voltage V; X, X X Xg X3 X2 X X VoY iy,
0to /8 0o 0 0 0. 00 .0. 1 050050
W/8 to h/4 0. ‘0 00 0.0, 1. .1 0.0
Vf4 to 3 /8 00, 0.0 oy 1 4 g 3570
3 14/8 to &/2 oo 0 0 0. 1 1 1 -1 o B R
W2 to 5 14/8 () RSN ST o BT G RSEES S S | f. w0 -0
S5 14/8 to 3 W/4 ol R e s TR I B R | 1201
3 /4 to 7 /8 0 1 1 1 1 1 1 1 1 1 0
7 /8 to K (R R Beieoo) LBk BERE Biien 20, 1 LIS G |

Fig. 10.10 (c) Truth table for a flash type A/D converter

e @



conversion take place simultancously rather than sequentially, Typical ¢
ns or less. Conversion Lime is limited only by the speed ol the comparal
encoder, By using an Advanced Micro Devices AMD G8GA compar
encoder, conversion delays of the order of 20 ns can be obtained,
This type of ADC has the disadvantage that the numbe
doubles for each added bit. A 2-bit, ADC requires 3 compar
4-bit vequires 15 comparators. In general, the number of comparators required are 9"
where - is the desired number of bits, Hence the number of comparators appr
doubles for each added bit. Also the larger the value of n, the more comple
encoder,

onversion timoe jg 100
Lor and of the priority
ator and a T1147 priority

ol comparators required almogt

ators, 3-bit ADC needs 7, whereas

-1
oxXimately
X is the priority -

10.3.2- The Counter Type A/D Converter

The I to A converter can engilv ho i

Areavera 2l 1 .«



Y @ sem e
qwlr. the tra cing A/D will be within One 1w ve -
malog input changes rapidly, the tracking A/D cannot keep up with the cnange aww ~=--
weqre as shown il Fig. 10.12 (b).

The racking ADC has the advantage 0
e needed to stabilize as & new conversi

sich the analog signal changes.

tage, however, is the
tional to the rate at

i

f being simple. The disadvan
on value is directly propor

Tracking error

o ﬂk vV
) UpZown » Up-down d
i — > counter
centrol 'é - MSB| Analog signal
AP —_—_‘i: ——'i Digital (dark line)
, ‘ Lo | output with D/A output

v

[N

i [

V, 7¥ v : : : :
| r-—————»LSES superimposed 1
| | o H

[N

|
S )
“~d ‘ Up/Down input ——-“L[_r L |
e R NG to counter ' _U—U—U_U
(Up=1, Dn=0)
—>

!~

*raleg input

(@)
(b)

Fig. 10.12 (2) A tracki
acking A/D converter (b) Waveforms associated with a tracking A/D converter

v .
B34 Cressi i
Successive Approximation Converter

The successiv
e sive approximation techni
g1t comversion in j ecnnique uses a ve ffici
LVETSK just n-clock peri g ry efficient code search stra
© obtain a digital output. Figurper:eoc_}ls(’)' An eight bit converter would require e: el?;r(::lo <3I?mplete
.13 shows an eight bit converter Thegcirm‘l)ictké)su o
e ’ es a




find the required value of each bit by trial _
and error. The circuit operates as followcsl. oo '
ith the arrival of the START command, 5 j;:
Z}Ye SAR sets the MSB d; = 1 with all other , SAR 7 le— CLK
bits to zero so that the trial code is 10000000, |91 d, dg
The output Vy of the DAC is now compared 'I
with analog input V. If V, is greater than 1 '
the DAC output V; then 10000000 is less . .
than the correct digital representation. The ': ]L‘_\’ i
MSB is left at ‘1’ and the next lower signifi- ! 2
cant bit is made ‘1’ and further tested. ' y
However, if V_ is less than the DAC output, d: DAG
then 10000000 is greater than the correct
digital representation. So reset MSB to ‘O
and go on to the next lower significant bit. - i : .
This procedure is repeated for all subsequent 71 10:13 Fugd'igi!n?;i%?nggé the successive
bits, one at a time, until all bit positions 7
have been tested. Whenever the DAC outputerosses V.

successive approximation regi%ter (SAR) to 5 Slzarto‘l s R
BT
L

conversion sequence and Fig. 10.14 (b)
Correct digital Successive approximation register output Comparator output
representation Vs at different -stages in conversion
11010100 10000000~ 1 (initial output)

| 11000000. 1e

for 11100000. 0

) 11010000- L
11011000 0
11010100 1
11010110 0 p
11010101 0
110101006

Fig. 10.14 (a) Successive approximation conversion sequence for a typical analog input

One conversion cycle
la |

|1

Load output

A register
256} Actual analog
signal V,,
192}
128 e e ___
N P_I
0 ) 1 1 ] 1 1

b
Time

Fig. 10.14 (b) The D/A output voltage is seen to become successively closer
to the actual analog input voltage



hows the associnted wave forms, Tt can be seen that the /A output voltage becomes successively
;'lnsm' Lo the actunl analog input voltage. It requires eight pulses to establish the accurate
outpul regardless of the value of the analoj input. However, one additional clock pulse is used
to load the oulpul register and reinitialize the circuit.

A comparison ol the speed of an -cight bit tracking ADC and an eight bit successive
approximation ADC is made in Fig. 10.15. Given the same clock frequency, we see that the
tracking civeuit is faster only for small changes in the input. In general, the successive
approximation technique is more versatile and superior to all other circuits discussed so far.

Successive approximation ADCs are available as sclf contained ICs. The AD7592 (Analog

Devices Go.) o 28-pin dual-in-line CMOS package is a 12-bit A/D converter using successive
approximation technique,

Conversion time for a tracking
A/D is directly proportional to

ﬂ‘ the relative change in input value
16} from one conversion cycle to the next
14}
12}

Conversion time for a successive approximation

B

i<

or

&

%]

_(g

& 1?3 ; AID is always the same, regardless of input value

-

5 A !

[, -

g 2 L 1 1 ! 1 2 1 1 1 i 1 1 L 1 1

E 24 6101214 16 %

3 . Input change
Irackmgl’ <4— Successive approximation —p (Number of increments)
c:éevlce device faster

aster

Fig. 10.15 Comparison of conversion times for tracking and successive approximation A/D devices
Integrating Type of ADCs

The integrating type of ADCs do not require a S/H circuit at the inmet 16 1.
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