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Osclillators
Role of oscillators:

*oscillators are used to generate signal

*it converts power from the dc power supply into
an ac power

Harmonic oscillators — sinusoidal wave form

Relaxation oscillators —produce non
sinusoidal

They are used in :

1.Electronic Communication Devices.
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Oscillators

For the circuit to operate as an oscillator it must
satisfy the Barkhausen criterial for sustained
oscillation.

#1-The feedback must be positive ,this means that the
feedback signal must be phased so that it adds to the
amplifiers input signal .

#2-The loop gain (AB) must be greater than unity to
allow oscillation to build up and equal to unity to
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1) Phase-shift Oscillator

Audio frequency Oscillators

Vo(t)

Volt)

Vo(t)

Inverting
A\, Amplifier
| \V
Frequency
Determining
Network
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Audio frequency Oscillators
1) Phase-shift Oscillator

/ Inverting amplifier

Vo(t)—O

O ——

Frequency Determining Network

STUDENTS-HUB.com Uploaded By: anonymous



Oscillators U
1) Phase-shift Oscillator N

Vo(t) O

To find B(jw ) = '1//?((1]3))

.1
(R'JE)Il _RIZ =Vi R R R

—RI; + (2R-j—) I, —RI3 =0 L 1 1

RZVi

5R ., 1 6R2
+](w3C3_wC)

I, =
3 3
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Oscillators v Voo

Ro

1) Pase-shift Oscillator R A
. . Vo(Jw)
To find B(jw ) =—= L L
PO ) =7 Gy -
|l |l |l
él (I:I él
R2 Vi R R R
I3 = p3— SR . 1 6R?
w2 Cz+](w3 c3 - wC) L 1 1
R3 Vi
Vo = S
5R 1 6 R

3 —_ 2 i _
K w?2 Cz+](w3 Cc3 oC)
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Audio frequency Oscillators
1) Phase-shift Oscillator

To find B(jw ) _ 'I//O((ll::)) 1/jwc 1/jwc 1/jwc
‘ I I I o
| I |
_Vo(w) L = > ~ +
B ) Vijw) VanS?) /a R§ /9 R§ /9 R§ _ Vo)
. 1
B(jw) = 5 1 6 7

A= 2:2YC3 33 "or

Atw, ; B(jw ) must be real and negative

1 6 _o
w3 C3R3  wCR
1

... w =
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Audio frequency Oscillators
1) Phase-shift Oscillator Viwe — tfiwe  1fjwe

: 1
To find B(jw ) = VoUw) 1 Il 1

Vijw) Vi /6 R§ /@ R§ ’@ R§ \;-’o

Bliw) = ——————

- 6
A=z 333~ wer

At wp Bliw) =+ =--2180

29
s Ay = 294180
Ay =140
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Audio frequency Oscillators

1) Phase-shift Oscillator

1
fO= 211'\/3RC2197HZ
Ro+R3 —339
Ay == ( R )T 1=27.6
Ay <-29
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Audio frequency Oscillators

2- Wien Bridge Oscillator
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Vit | " ' Vodt)
MNon i i
AN | amplifier ANWAEN volt) N\ N
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0 phase shiftatwo [~
Frequency U
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Network
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Audio frequency Oscillators
2- Wien Bridge Oscillator
- The Wien bridge oscillator employs a lead -lag
network.
- At one particular frequency, the phase shift across
the network is 0, therefore the feedback network is
connected to the Op.Amp’s noninverting input

terminal. $
£ R +90°
7 I T o
MR EIE
e o) 0°

\
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Audio frequency Oscillators

2- Wien Bridge Oscillator

;

1 R4 22
Z{ =R : = —
1 1 // Jwcy 1+jR1wcq /
Z, =Ry + — [y
2 1 jwco (o | 0
+ C2

B(]w) =Vo Jw) _  Z;

T P
R1 TC]. Vo(t)

Vi jw)  Z1+Z

B(w) = Sy
w(R{C1+R, C2+Rq C2)+j(a)2R1 R,C1C2—-1)

At w, ; B(jw )must be real and positive

sTuBENTS-0ERp R, C1Cy — 1 =0
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Audio frequency Oscillators
2- Wien Bridge Oscillator

At w, ; B(jw )must be real o |‘ " o
and pOSitiVE + clz R2 Rl% J_C1 V:(t)
Vi(t) _
o I
1
- e Wo = \/ - If R1=R2 = R; and Cl — CZ =C
Ri1R3c,c,
R
) - Wo = %o
: 1 1
- Atw, ; B(jlw)=—"F— - B=5=24
1+p2+cl 33 - A, B=140
- ~A, =340
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Audio frequency Oscillators
2- Wien Bridge Oscillator

Frequency Determining Network
Since C1 =C2 and R1 =R2

1 Vo(t)—O
- fo = ﬁ = 1.06KHz

1

F=3
LA, > 3
)
R4+ R 2
R3 3.47 Non Inverting Amplifier
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Audio frequency Oscillators
Adaptive Negative Feedback

At the beginning
D1,D2 are off to build up the

oscillationR
A, = 1+74=3.2>3

3
Lateron D1,D2 are on

R4y R
A,=1+—255 = 3
R3

STUDENTS-HUB.com nloaded By: aneny


hp
Highlight

hp
Highlight


Gener

High Frequency Harmonic Oscillators

C Oscillator The feedback network
. A A O 1 o
+ Z3 ﬂ .
v 4 22 Vo
o 0
Ri >> Zz

- _ Vo(jw) _ 2Ly
B liw) = Vijjw) Zy+Z3

21,72, and Z3 are pure reactive
impedances
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High Frequency Harmonic Oscillators ZL

General LC Oscillator

To determine A,

: _Veo(jw) _ Z;
Apliw ) = Vi(jw) Z;+R,

=71 ) (Z;+Z3)

Avo Vi

Zl (ZZ+Z3 )Avo
Z1 (Zz+23 )+R0(Zl+22+23 )
A B= lezAvo
v Z1(Zy+Z3 )+Ry(Z1+Z2+Z3 )

SAyjow ) =

sténendeaneds, pure reactive impedances

— 2

Ro

Z3

]
Z2

. At(l)o Ri >> Zz

1. Zl +Zz +Z3=0
2 AB=—-22

7 Avo
A, B=140
4

Avo = —

Z
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High Frequency Harmonic Oscillators

Example of LC Oscillators

Hartley

Colpitts

Clapp

Pierce crystal
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Inverting
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Inverting

Non-Inverting

Inverting

Inverting

Uploaded By: anonymous



High Frequency Harmonic Oscillators

»-
Vo(t)

Colpitts Oscillator C1 = 330pF
At w,: C2 = 680pF
Z1+ZZ +Z3=0 L= 110uR

. 1 . 1 .
—j - —j o Cz+]a)oL—0 H
1 _ C1C- Coupling
+ Wo = JLCt ’ Cr = C1 +C;
fo=—3— =1.02MHz
S S

V0 = Z, - Cq

A,, <-2.06
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At high frequency

Cl1’' =Cl1+Com

) — .
+/DD C2’ = C2 +Cgs +Cim
+VDD
L>oo
»-
Vo(t)
[—
C li L
oupling Rg g/ Coupling 3 &/ Com
ggs& : V
I I | 1 I
| 1 ] I
Cc2 C1 Cc2 C1
72 Z1 £2 Z1
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High Frequency Harmonic Oscillators

Clapp Oscillator

At w,
Zl ~+ Zz ~+ Z3 — O
I P
'] w (:1 'l (1) PN (:2 ']
w 1
0 \/LC
11 L1
Cr C; Cy, C3
Cr =212.7PF
wy
fo= e o 1.04MHz
74 C,
A, < = -
STUBENTS-HUB.céa C1

w, C

+jw,L=0
3

C1 = 680pF
C2 = 1500pF
C3 = 390pF
L = 110pH

-
\ Vo(t)
>-

+VDD

L > oo

|
Coupling

I

o

z3
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The Crystal

1

XTALL_]

T
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High Frequency Harmonic Oscillators

Rs

Impedance
magnitude (1)

F

1 MQ
100 kQ
10 kQ
1k
100 Q-
Rs ook

]

s o

10 MQ -

= Frequency
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Oscillators

High Frequency Harmonic Oscillators

The Crystal
R is very small
. 1 1
, Uols+5072) Fa Cp
L(jw) =— P 1 1
J@ols* F50s e ¢y
2 1
. w*—
° _ _] LS CS
L(jw) = wCy o2 G5t Cp
Ls CsCp
2 1
w* — =0
LS CS
[ ] w 1
[ BN ] S
\/Lscs

Series resonance
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Rs

Ls

— Cs

w- = CsCy =0
) . 1
: Wy =
; (CS Cp
N Y Cs+Cyp

Parallel resonance
Uploaded By: anonymous



High Frequency Harmonic Oscillators

The Crystal

Oscillators

C, = 0.0060PF Rs
L, = 0.165609H

R, =100Q

Cp = 13.0PF

Ls

I
|
0
7

fp— fs = 1.179KHz
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1
fs_Zn L.C

A

f. = 5.048967MHz

1

Cs Cp
Ls( cs+cp)

f, =5.050145MHz
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Oscillators

High Frequency Harmonic Oscillators

Pierce crystal oscillator. \ L > oo
>-

+VDD

»
Vo(t)
|
N
Coupling
Rg
W, > W, > W /

T n
C2 J? Ci1
22 21
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Oscillators +vo

BVo} - - - - -4 - - —-q4-—--—-- R-
An OP Relaxation Oscillator 0 / \ /
/ \/
R1 | '
10K M\ Vol ... . MR - | S [

-Vo ad
- T | —f—T
I e U= e
_I+/I/ N Volt)=O  _The Op. Amp relaxation oscillator shown is a
15 330 square _wave generator .
.05u—— v
A The circuit’s f f oscillation i
R4 § RS A -The circuit’s frequency of oscillation is
\ i 10K 1 dependent on the charge and discharge of a
-4 \ D2 Y capacitor C, through a resistor R,.
= - The “heart” of the oscillator is an inverting

) | Op. Amp comparator . the comparator uses
I/Z =9.1V fo = 1KhZ iti feedback
S UENTS U positive feedback . Uploaded By: anonymous



An OP Relaxation Oscillator

Oscillators

- The “heart” of the oscillator is an inverting
Op. Amp comparator . the comparator uses

Inverting Schmitt trigger

A —
positive feedback . - I\T\ +(V; £0.7)
_I;/( AWV Vo(t)
R2
s 330
v
Vo R4 ‘\Q;\,
8.ﬁl{§ 10K o1
D2 ¥
< k — 1
Vit Vut , —
Vi o Vyr = P (V +0.7)=B(V,+0.7)
4t
<< v ¢« Vir = — it ~(V,+0.7) =-B (V,+0.7)
STUDENTS-HUB.com

Uploaded By: anonymous



Oscillators

An OP Relaxation Oscillator +Vo

+ MN Vo(t)—O e T | —e—] —>
R2 - T >

1s 330
0.05u—— v
R4§ ‘\Qg\v 1 o Vyur =1V, +0.7)
8.6K 10K -
= D2 .Y, e Vyr = R4 (V +0.7) =B(V,+0.7)
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Oscillators ok VW
l;\l\ MV Vo(t)—O

An OP Relaxation Oscillator —I/I/ R
e Vour =x(V, +0.7) 0-05u== v AWV

RS & R3 A

8.6K<§ 10K 4" D1
® VUT — P (V +0. 7) B (VZ +0. 7) = b2 hy

4t =
® VLT = (V +O7)—-B(V +O7)
R4 +Vo
Jo (£

T T S— | S -
|
Nor e (&) | | \
|
o /

/
<

NI R . Y [ R S | CN) SRS | SRR i
ol L ” FOR— — -
T
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An OP Relaxation Oscillator Oscillators

Vo(t)—O

¢ When the output of the comparator is _I':]/l\ WA
R2

positive ,capacitor C, will charge through i 330
0.05u—

resistor R;. MW
R4 2 R3 .

8.6k 10K 1

I
<

e The capacitor will attempt to charge to = b2 .Y,
Vout= Z+ 0.7. =

e When the voltage a cross the capacitor
reaches the upper threshold voltage Vyr ..,
,the comparators output will immediately N
switch to

A
Vout=- (V,+0.7). Vit :l \f/ E‘ é
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e The capacitor will than start to discharge from
the positive upper threshold voltage toward the
negative output voltage .

e When the voltage across the capacitor reaches
the lower threshold voltage V; , the
comparators output will immediately switch to
Voue=+ (V,+0.7).

\fo(i'\
\‘2-4-\]9 ST iy = = ——— -
1 \ !
NuT | e () 1 \
| I !
1\’ ! 'l :
‘ ‘ : S+
I ) ) | =
| i : |
\,LT : I |
! |
_(\’?~VD> R e ] e 'l
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10K

0.05u-—-

N

+ Vo(t)—O
— /I/ R2
15 330
v
MN
R4 R3 oL
8.6K < 10K 4" Dl
D2 Y
~z2.Ngp

—(H2aNp) L ......... ’ o

\ll+\lD = "\8‘_’
Nyt = M.53y
Nit = M5V
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Oscillators

Tok YW

To determine the frequency of oscillation 0 .

t 15
¢ Ve (D)=V +(Vy-V))(1-e77) 45'\], VoSl I

Re _ 0.05u v =
e Attty : V. (t1) =BV, R4+R3 o & W
Vou g = Vz+\/tD 8.6K3 10K o
b = 02 Y.

* BVour = = BVour +(Vour — (= BVout)) (1-€ =) —

dividing both side by V ,,;;

~Nz24+Np -

B =-B+(1+B) (1-e 7 )

.+ 2B=(1+) (1€ )

* S('IizTﬁlijﬁ"%'-ﬁD_é.Lom ¢



° e T = m
RL ,
b lf Cat
T 1+ T
,;\I\ MW Vo(t)—O
. 147 Y, A
t1=71 In— 1-5 = R1C1 In 1-5 0050 i 330
Ra 2 R 4
1+ B 8.6K S 10K 4ot
e T= Ztl — 2R1C11 ( L D2 ¥
1 =
fo= T B
1 1 =
Jo=g = 2R{C4 ln(it—ﬂ
e If R4_ — 0.859R3 — B =0.462 . f __1
o=
. 2R1C4
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Oscillators agv 2 D
gv _—

o (+)
il
VZ =9.1v 7 |
VZ + VD = 9.8v
R, = 100KQ )
1 —
RZ =820 KQ R_Z (VZ + VD) =1.2v
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Oscillators

An Op-Amp Triangle Generator

C1

It consists of two stages
a) Non inverting Schmitt trigger
comparator
b) Inverting integrator

~
+/I/ Vo(t)—O

»—vo2(1)—0O

D1

O

N
I.
¢

It provide two different output wavefor

a) Square wave

b) Triangle wave a.gv ¢ Vorte) e
/
lo2v b, 7.\{ S = 5%
Rl - - — \\\ » \'\
VUT =— (VZ + VD) =1.2v e o e S, B
RZ - S P R \\4,’ e
R4 L R K s
VLT =—— (VZ + VD) = -1.2v | q. 8
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Inverting Integrator

Assuming that Vc(07) =0 +  Vc(t) -
Cy
0.1 uF
Vour = — Vc(t) 1 Ii{ n
+15V

1 t, Ra
ve® = ym@ear e |l
N T . O +
ln(t) — m(t) vmgvmual / 6+/l4/ VOUT('i =Vc1)
ground (= 0 V) _T.

-4 L -15V —
Voue = R3€ f Vi, (t) dt ~ -
Vin(t) = Vin ’ DC Vout= Vig t
R3Cq
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Inverting Integrator

Assuming that V/; =-10mV,
find V, (t) at 0.1s and 0.2s
Vin Vin

R3C4 t=- (10kQ)(0.1uF) t =-1000V;;,

If v;,, is -10mV and tis 0.1s
Vour = — 1000V ;,,t=-(1000)(-10mv)(0.1s)

Vout — =

=1v

And in 0.2s

Vour = — 1000V ;,,t =-(1000)(-10mv)(0.2s)
=2V

STUDENTS-HUB.com

Vour = t
R3Cq
Cy
0.1 uF
| u
( T4
ML
+15V
R3
10 kQ - 9
—\\VA g -
+ 10
N I 6 g Q +
VqN-i.-"__ + 4 VOUT(-': _VC1)
[ Virtual i—
ground (= 0 V) 15 v 1

D
—
—
-—

Assuming that +V ., is 13 v we may solve the time to
reach saturation

Vln
Vout — R3C1 Lt = +Vsat
_ tVsar
t = . R3Cl— ( 1lom (10kQ)(0 1|.lf)

= (1300)(1ms)=1.3s
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Inverting Integrator

STUDENTS-HUB.com

VOuT (voits)

16
14

12
10

o N B OO o

Oscillators

Saturation

l |

0.1

03 05 0.7 0.9

1.1

1.3

1.5

1.7 1.9

~ 1 (s)
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Oscillators

Inverting Integrator For t; >t >0
o Vin
To determine f, Vo) =Vyr — ¢t
R
Vyr = R—: (Vz+Vp)
q.g\_{_ 4 /_U°’-('€'\ Vin= VZ + VD
_ ﬁ ) Vz+Vp
B j il Vo(t) = R, (Vz+Vp) RaC t
N S e R
N R - Att=t1; Volty)=- R—l (Vz+Vp)=Vir
-2V e - 2
~-9.8v te S
R . 2R1R3Cq
| T=21t1 (N tl —
R

1 1 R,

f0= )
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The 555 Timer As an Oscillator.

Ground

Trigger

Output

Reset

STUDENTS-HUB.com

Oscillators

10

3

-/

955

8 Power Supply (Vcc)

7 Discharge

6 Threshold

9 Control Voltage
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Oscillators
The 555 Timer As an Oscillator.

Vee +5Vio 15V

; 8 4
R1
3
7
555
6
R2 | ﬁ‘StEb.le Output pulses
Operation
! 2
+
A e 1
]
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Oscillators

The 555 Timer As an Oscillator.

Functional block diagram of the 555 integrated circuit timer

THRESHOLD

CONTROL

TRIGGER

DISCHARGE

STUDENTS-HUB.com

/ele RESET
R3 ’
— s RES i
I 0 |
i R Q— 5
§ R4
FF g
5K |
A T S Q DO—3 OUTPUT
T _
C2
555 s
R8
AVAYAY
100
GND
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Oscillators

The 555 Timer As an Oscillator. vee RESET
8 4
Internal Component of 555 § R3
. $5K
THRESHOLD é~—f;+ ¢ RES
| o
e Two comparators CONTROL == §5K FE
e Three R (5K) that set the trigger Levels * ) 50 DO—3 OUTRUT
e Transistor that act as a switch TRIGGER ég 5 5
; 555
e SRLatch DS
DISCHARGE 7
¢ S R Qn Q:L4M '\5\5» i
0 0 Q,, no change 100
0 1 0
1 1 Forbidden
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Oscillators
The 555 Timer As an Oscillator.

555 timer as an a stable circuit

| vee
A & A
R3
Smo T
: LA ; RES
: )
H VH _ j R Q I
R4
) ; FF
5 5K
VL B T S 0 Do—g Vo
ST _
2 C2
RB § § R> 555
5K
T 7T
Ve 7 M RS
Q14 AAN
——C ﬁ 100
______________________ e

STUDENTS-HUB.com Uploaded By: anonymous



The 555 Timer As an Oscillator. T

Operation of the 555 timer oscillator. § N 6 é:; }L : ,T_

At the beginning } 5 gii ‘ N

Vel0) = V(o) = 0 e e
c2

~R=0, S=1 RB S 2 §R5_ 555

i 5K
. a_ . [
"Q_l , Q=0 V_ Qlé? ’\1}\3\,
~.Transistor is off T | -

................................................................................................

= The capacitor starts charging =

T, =(Rg + Rp)C
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e When Vc(t) > %VCC

~R=0,and S=0 e

No change

Q =1 ,and Q =0 - o .
61 + j RES
. The transistor is still off i >‘L R ol

> } § R4 FF
~The capacitor is still charging 5; 5K > i
: VL * S 0 — Vo
il D 3
-2

M R8
Q14 AYAVAY,
__C [A 100

Uploaded By: anonymous


hp
Highlight


* When Vc(t) > %VCC

~R=1,and S=0
~Q=0 ,and Q=1

~ The transistor turns on

~The capacitor starts discharging

Ta = RBC

|wc
SO SRS (S,
R3
smo | S
6 4 - RES
: )
: VH _j R Q_
R4
> g FF
5 5K
: VL +f S 0
? I _
RB§ 2 §R5 . ccc
5K
T E T
Ve 7; R8
i Q14
——c 100
...................... e

STUDENTS-HU i
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When V4(t)< % Vee § . ........ 51;;(:1 ............................ 4
~S=1,and R=0 6 WWVH%R *REQS_
N ’ 5 g 1:; FE
~Q=1,and Q=0 L >ﬁs 0
2 — ch

~. The transistor turn Off RB § R> 555

~The capacitor starts charging Ve 7 Q R8

................................................................................................

1

ve A
2 f-——m——m o e ¥ —
51')_63__ T T Vo
§V _h_“ll_h ____”: ______ : **** Vi

o~ I~ [

RS N .

] - - o
w ) L] L L
Ve [ [ | I_

Ty =T, =
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Oscillators

The 555 Timer As an Oscillator. e
8 4
R3
Operation of the 555 timer oscillator. Sm S s o1 .
T + RES
°t |m >_L ol
R4
’ 5 § 5K FE
vc A VL >_,7 S o) DCF—é Vo
——————————————— — —rmrm==— Vi T -
;F,H.r-*'"__":_:".';w - “ ng 2 21;5( c2 st
- - e VTH _ M : T
| I V_ Q14M '\1;\8/\,
SIS B S A S
| | | 1
i — = —] -t —
| | | =
. | |
vo A | I o
| | |
Vee '
=T =T, |
Ll -
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Oscillators
The 555 Timer As an Oscillator.

Operation of the 555 timer oscillator.

Capacitor
Voltage
1. Tofind T, :
t
Ve(®)=V; +(Vg-Vi)(1-e =) Output
Voltage
2 1
Vec(Te)=3Vees Vi=3Vee 5 Vi=Vec 0 t

7.= (R4 + Rp)C €
t

2 1 1 _t
Ve(Te)=5Vee =3Vec+(Vee —3Vec )(1-e 7)
TC=‘L'Cln2=(RA+RB)Cln2
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Oscillators
The 555 Timer As an Oscillator.

Operation of the 555 timer oscillator.

Capacitor
| | Voltage
2-To find T4 | | t
— — t .
t
Ve )=V +(Vy-Vp)(1-e77) RN
1 2 ! Qutput
V. (Td) = 3 Vee s V, = 3 Vee s Vf =0 Voltage
Tad = RBC 0 » q t
1 2 2 _t T
Ve(Ta) =3Vec=3Vec (0-3Vec ) (1-e )

Td: Td In2= RBC in2
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The 555 Timer As an Oscillator.

Operation of the 555 timer oscillator.

3-Tofind T
T= TC + Td =(RA + ZRB)C In2
T=0.693 (R, + 2Rp)C

4- To find F

1
? 0.693 (R4+2R5)C

F =

5- To find Duty cycle
Ry+Rp

Dut .ycle D- =

STU S-HUB.com " R4+2Rp
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Fig. 16.3 Schematic of the function generator

RANGE 041 ——
A00. . A0 e =¥t T

Function Generator

D CI_F

OUTPUT | J B
MAIN 7 /'\ SYNC | {3
i -~ Y o TS - -

STUDENTS-HUB.com Uploaded By: anonymous



