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Sin -wave
oscillators
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Loop gain and phase

Uin Av(U) | Uout

§

(Uin + BUsu)Ay(U) = Upye

Ay (U)

=4, "

Ugue =
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Oscillations - positive feedback

(Barkhausen’s criterion)

+~O-{ -
] -0
out —

1-4,(NB
1=A4,(B = |Ay (V) plel@atep)
|[Ay (D)B]=1 AMPLITUDE condition

4 +(p3=n'360° PHASE condition (n=0,1,2..)
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Phase and Amplitude conditions

|4y (U)B1=1 @4+ 9p(f)=n-360

usually |A/(U)B] > 1

L s0:
2101“6"635’35 >A(U) decreases frequency of oscillation is
amplitude of oscillation is adjusted

limited

W? Wroclaw University of Technology

Wien-bridge oscilator

1B1=1Ugue/ Uin
1/3
R Cc
N
FONE
c R
© f, f - [Hz]
1 90°
fr =
2mRC
f - [Hz]
-9Q0°
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Wien oscillator

1
Jr = 2aRe
/R . 2R’
nonlinear |AV(U)|= +1~ 3

= = resistor R"(U)
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Wien oascillator
- automatic gain control

Wroclaw University of Technology

181=1Uou/Upnl

f - [Hz]

f - [Hz]
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Twin- T oscillator
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Phase-Shift oscillators

| - " 2nRCV6
—— LV_/
©s=180°  A>30
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Phase-Shift oscillators

1
"~ 27RCV6

r Ll f,
-
@e=180°  A>30
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LC oscillators

resonant circuit (serial)

Af
""" iz S
(&3 L r
fo= ! /2

* " 2nvVIC 1

fo _ wol " - tlodd
Q= E = —r 90°
450

-45° f - [Hz]
_900
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LC oscillators

resonant circuit (parallel)

Af
1Z/R]
1
1/72
fo f - [log]
_ fo _ R 90°
Q= Af ~ 1/woC  4°
-45° f - [Hz]
.900
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Meissner (Armstrong) oscillator

Wroclaw University of Technology
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Hartley oscillator

1
L f - =
c O o [y +L)C

= U =
Ly + L,
[

KVmin -
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Hartley oscillator

1
- 2n /(L +L,)C

Ly
Ly + 1L,

fo

B(fo) =

Ly + L,
Ly

AVmin -

‘%;J Wroclaw University of Technology

Colpitts oscillator

: E Bfy) = —2

5 G+ G,

AVmin -
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Colpitts oscillator
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Colpitts oscillator

CE, CC, CB amps in oscillators

CE CB CcC
Grounded E  Grounded B Grounded C

o | e | ©
L L = L
- -+ < c

Il

1
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FET amps as oscilltors
CG, CD, CS
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Clapp oscillator

1
fo 2nVIC
i_r,r.1
F— C € C C3
4 e

L Bfy) = —2
I T’::“T T, ¢
— C, +C,

AVmin = C,
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Quartz (crystal) oscillator
Clapp
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Crystal equivalent circuit

FZ 0T
HHE

M 60 M 120 M

foHzl [ 100k | sook | am [ aM | oM

[R1o] | 400 | s00 | 250 100 20 10 30 50

L (H] | 058 | 203 | 362 | 0.100 | 00169 | 0.0042 | 00035 | 0.00293

[C_[pF] | 0.027 | 0.005 | 0.007 | 0.005 | 0.015 | 0.015 | 0002 | 0.0006

[ColpFI] 6 [ 5 5 33 3 5 4
Q=25e3
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1
1Z1[0Q]
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Series and Parallel resonance

of a crystal resonator of 4MHz

fS:— -
2nVLC o L CCy
0
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fp - |z|=max
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series resonans
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Pierce oscillator - an example

o

Inverter

Rf ouTRPUT

N

Crystal

70030

c1 = PIERCE OSCILLATOR
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Frequency stability

fo(t) = fo £ Af, A
5:f°/24h

Type of oscillator Stability

RC 10e-2 - 10e-3

LC 10e-3 - 10e-4

Crystal 10e-6 - 10e-7
Crystal (temp. stab.) (10e-8 - 10e-10)
Atomic references 10e-12 - 10e-14

W? Wroclaw University of Technology

Features of oscillators

« frequency range

« frequency stability

» harmonics (THD)

» amplitude and phase noise (jitter)

Wroclaw University of Technology

» amplitude and phase conditions of oscillation
- Wien bridge generator
- Twin - T filter and oscillator
- RC phase shifter oscillators

» Meissner, Hartley, Colpits oscillators -
topologies

« crystal (quartz) - parallel and series
resonances, model, |Z(f)| -graph

« frequency stability and other parameters of
generators
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Flip-Flops
and multivibrators
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BJ-Transistor as a switch
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MOSFE-Transistor as a switch

12
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Dynamic feathures
delay-, fall-, storage-, rise-time, on,off-time

_’3 3'(_‘3 ts
ottt —si | = T e Lo =t
t; — “— —> —t

i r S
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Dynamic feathures

propagation time

Ya(UyrUy) -

\ 4

v
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RS flip-flop

13
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Astable Flip-Flop

Q *Veo o 7=RaiCpy
Uee
e ] e []= s
un U e
\Um p Uper
AU * 1
T T2
e o= RaCor Ky,
02 4 2§ t=RerCy
Uee
~ upy, ,/" e
ty = 0.7R,C; t, ~ 0.7R,C, ‘u,s,, / Upa(=) =Uec
1
AU
RC ¢ Rl; Rz < BRC Ve Ua'i' 1=R,1C,1V
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OpAmp(Comparator) Flip-Flop
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Astable Flip-Flop with NAND Gate
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Timer ,,555” - monostable mode

T'=In3-RC
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Timer ,,555” - astable mode

(2/3)Vee

AN I}
7T m2)(R, +2R,)C

(1/3Vee <

Vee
out _I LEGND

4 D:Ll: R, +R,
L T R,+2R,
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VCO F-F

- Emmiter coupling
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Emitter coupled

Voltage-controlled multivibrator
MC4024

_ CIRCUIT SCHEMATIC

1/2 OF CIRCUIT SHOWN
in brackets are pin numbers for other haif )
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Sine, Triangle, Square generator

N
Comparator }—r-{ Integrator |—1—-| Sin shaping |—> /\/

N pugt l
LP filter |——>| Comparator H Integrator |—~'\/\
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Sine, Triangle, Square generator -IC

16
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Sine, Triangle, Square generator -IC

Vee
jﬁ 1WF
4
1
L 5
- Mult
c And
Sine
6 ‘ Shaper
- 9 .
FSKInput )——2—— \ curent
R2 8] | Switches

10] 12

P — i Symmetry Adjust

& 2K L Sy = Open For Triangle
i = Closed For Sinewave
St THD Adiust
13> fjust
T Triangle Or
2 Sine Wave
Output
n < Square Wave
Output
XR-2206
10K
Vee
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Sine, Triangle, Square generator -IC

CURRENT
SOURCE

" 1|W

10

COMPARATOR
#

CURRENT

SOURCE

FLIP-FLOP

V4

ICL8038
obsolete

V- OR GND
1

I BUFFER I-J—

_.|

‘nn

BUFFER |T>
W

SINE
CONVERTER

2 4
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DDS - Direct Digital Synthesis

2

g5 Numerically-
SE | M| conoled
28 Oscillator
< (NCO)

g8

[

x

Reference |  Fux
Oscilltor

Digitaito-

Analog
Output

17



‘%;J Wroclaw University of Technology

DDS - Direct Digital Synthesis

Wroclaw University of Technology

« Phase and amplitude conditions of oscillations
« Flip-Flop as a-stable and mono-stable

o Timer 555

» Function generator

« DDS generator
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