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Sin -wave
oscillators
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Loop gain and phase

Uin KV(U) ) Uout
B
(Uin + BUwu ) Ky (U) = Ugye
_ k@
Uout = Wuin
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Oscillations - positive feedback

(Barkhausen’s criterion)

Upue =

1=Ky (DB

1= Kv(U)ﬂ = IKV(U)ﬁIej(¢K+(PB)

|Ky (U)B]=1 AMPLITUDE condition

ok +<p3=n~360° PHASE condition (n-0,1,2..)




'%g Wroclaw University of Technology

Phase and Amplitude conditions

|Ky (U)B=1 ok + 9p(f)=n-360

usually |Ky(U)B| > 1

U increases >KV(U) decreases 50 e
o2 frequency of oscillation is
amplitude of oscillation is adjusted

limited
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Wien-bridge oscilator

18121 Ugye/ Ui
. 1/3
TR
© fe f - [Hz]
1 909°

fr=52re

f - [Hz]

-900
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Wien oscillator

1
" 2mRC

fr

0w
"I nontinear |KV(U)|=

= = resistor

2R’
R,,(U)+1 ~ 3




Wien oascillator
- automatic gain control
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Twin- T oscillator

%2 =10--1000
Ry
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Phase-Shift oscillators

o= " 2nRCV6

©=180°  K,>30
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Phase-Shift oscillators

1
"~ 27nRCV6

fr

©=180°  K,>30

LC oscillators

resonant circuit (serial)

Af
| A T s B IZ/r|/JH
C L r
fo= ! 2
° " 2nVIC .
£ wol fo - [log]
Q = A_f = T 90°
450
-45° f - [Hz]
.900
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LC oscillators

resonant circuit (serial)

Af
|Z/R|/—M
R 1
/2
f 1
0 =
2nVLC fo £ [log]
fo R 90°
Q="—== 450
Af  1/woC
-45° f - [Hz]
.900
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Meissner (Armstrong) oscillator
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Hartley oscillator

1
Ly =
. fo 2 (L +1,)C

) B(fy) = —2
- T L+ 1L,

Ly + L,
K, .=
Vmin LZ

T2
’2 Wroclaw University of Technology

Hartley oscillator

1
fo= 21/ (Li+L,)C
BN =11
L, + L,
Ky, . =
Vmin Lz

fo=

GGy
2n Lo e,

G
C,+C

B(fo) =

Cy +C
Kymin = C
2
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Colpitts oscillator

CE, CC, CB amps in oscillators

CE CB CcC
Grounded E  Grounded B Grounded C

< c &
L L - L
le: - c c:




FET amps as oscilltors
CG, CD, CS
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Clapp oscillator
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Quartz (crystal) oscillator
Clapp




f [Hz]| 100k | 500k 1M 4M 1M 20M 60 M 120M

R [Q] 400 500 250 100 20 10 3 50

L _[H] 93.8 20.3 3.62 0,100 [ 00169 | 00042 [ 0,0035 |0.00293

C [pFl [ 0,027 0,005 0,007 0.015 0.015 0.015 0,002 | 00006

Gy [pF] 6 6 5 5 3.5 3 5 4
Q=25e3
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1Z1[0Q]

Series and Parallel resonance

of a crystal resonator of 4MHz

1Z1[Q]
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fp - 1z|=max
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series resonans

Inverter

Rf ouTPuT

n

Crystal = PIERCE OSCILLATOR

CI lm

070030
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Frequency stability

fo(t) = fo X Af, Af
A/
S: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
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Features of oscillators

« frequency stability

» harmonics (THD)

« frequency range

» 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

0.01-1V

T T >

U, UH‘ Uin
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Dynamic feathures
delay-, fall-, storage-, rise-time
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Dynamic feathures
propagation delay time

Ya(UpUy)

v

Uout
N

v
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RS flip-flop

13
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Astable Flip-Flop

' von = RaCn
Ucc
j# L {im
i 47 Upi (=) = U
L S Vs [ Y
AVl
T
Uoe! ¥ T=RaiCa Yoy,
02 8 QB t=Raln
Uce
ty ~ 0.7R,C. s PR
R t, = 0.7R,C, A i"m /Usa=)=Uec
/
Re < Ry, Ry < BR 2l %
¢ € Ry,R; K BR¢ ks ] e (

Wroclaw University of Technology

OpAmp(Comparator) Flip-Flop

! T4+, RC+RC,
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T =In3[RC
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Timer ,,555” - astable mode

(2/3)Vec
A3V e

DISCHARGE

1 1

R,+R,
T R, +2R,

VCO F-F

- Emmiter coupling
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Emitter coupled

Voltage-controlled multivibrator
MC4024

CIRCUIT SCHEMATIC

1/2 OF CIRCUIT SHOWN
(Numbers in brackets are pin numbars for other haif.)

<
Tpra—
vee |

vem

T2
’2 Wroclaw University of Technology

Sine, Triangle, Square generator

VAN
JENS

L
Comparator }—’——{ Integrator I——~| Sin shaping |—> N

N L I
LP filter I |Comparator I—'| Integrator |—>\/\
l—. pENE

ARE 14 CERAWICGR 14 LECTROLYTIC N PARALLEL WITH 1 CERAMC
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o Symmetry Adjust

) \
L 5
= e
c ”ﬁ‘;‘é - 2kt S, = Open For Triangle
Sine m = Closed For Sinewave
6 Shaper ﬁ
. 12, ! THD Adiust
FSK Input >——r—— - T K e r
[0 5] swhenes Sine Wave
Output
= Square Wave
Output
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Sine, Triangle, Square generator -IC

Ve
CURRENT ¢
SOURCE
# AA
%
ICL8038
21
ll et obsolete
CURRENT
SOURCE FLIP-FLOP
#2
V- OR GND
| 11

SINE
I BUFFER I -bl BUFFER IT|CONVERTERI-1

inn YR LY

5 Numerically- Digitak-to-
B /N Controlled Analog
g Oscllator > Output

(NEO)

Frequency Control

e

Reforence | Fu
Oscillator
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91 338 13 seas
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Flip-Flop as a-stable and mono-stable
Timer 555

Function generator

DDS, arbitrary generator

18



