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We now know amplifier design
And techniques for low noise amplifier design
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Osclllator

| One port negative resistance
— oscillator circuit

Zin Kirchoff (ZL + Zin )I =0
Z =-Z

In

For | >0

_ ZL_ZO _ _Zin_ZO _ Zin+ZO _i
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Oscillation

ZL ——/.

ZL:RL JXL RL+Rin:O
Zin:Rin_l_inn X|_+Xin:O

X (Jap) ==X, (I, Jo,)

a)o Is the oscillation frequency
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Osclllator Stabllity

For stability the circuit should resist small changes in | or
and return to its original state.

Detailed perturbation analysis results in :
a( X L T X In )
ow

High Q circuit results in maximum oscillator stability

>> ()
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Osclillator Design

e For a given I, transform a 50 ohm output
to present I'; to the oscillator.

~ Load
Zo= 5042 Matching Zi
Network
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Example

~ Load
Zo= 5042 Matching Zi
Network -
Given: I Ii,

I, = 1.25 / 40 degrees when measured at 50Q

T, >1
1 Re[%, |- j Im|r, | Plot on smith chart
i ‘Fin‘z Then transform Z, to Z,
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Calculation of example

I'in = 1.25 / 40 degrees when measured at 50Q

B8 smith-Chart <unnamed>

l"L — 125-1 /_40 degrees FFFFFF It Mode Tools Optons Zoom Export W ndow  Help
= 0.8 /-40 degrees

A
.
:
Plot on smith chart 13053 |9
50.0 €2 —
and 0.253% | 8 mm
50.0 £2 |
transform 50Q2 to give I'L 5
A
DP-Nr. 1 [43.4-]124.1]0hm J
DP-Nr. 2 [50.0 + j0.0)Ohm [ SERIES
DP-Nr. 3 (6.4 + j16.8)0hm clL|R
DP-Nr. 4 [45.7 - j124.1)0hm e |
- cHuNT
L|R
LINE |
SE_|
Zo DATAPUINT\ VSWR Q r Y z
50.0 Ohm 136.8:1 || 56.03 0.99 }-125.01° 0.0007 + j0.0364 0.46 - j26.02

crobatst.. | PR T @-5’3®Q% 2:03 PM
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Osclllation Stability

Analysis Is done at small signal

R, IS an increasing function of |
— R, becomes less negative as power increases

If at small signal R, +R;, =0

— When power increases R, +R;, >0 and oscillation will
stop

In practice choose R =-R,, /3

X, Is chosen to resonate so X, = -X

18
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Transistor Oscillators

I's I, r

Input ] Output
Network Network Z0

ChooseI'| suchthat T, >1
Or

Choose I's such that 'out >1
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Stability

e Transistor is unstable when |7 | >1

Sy9pl L
1-S,,1

Fin — S11 +
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Transistor Oscillator Design

1_‘S 1_‘in 1_‘out 1_‘L
L d L
Input I_ Output
Network Network Z0
Choose I's such that § S..T
FOUI>1 — F — S + 21~12" s >1
out 22 1 S F
Develop network to VY11t s
provide Zs ]
L = 1 _ Re[rout]_ J Im[rout]
L 2
Lo T,

Develop network to transform Zo to I',
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FET Oscillator Circuits

Use 3 port S parameters for the FET
Z
i 3 port parameters can be developed
from 2 port
Zl
Choose one of the Z; to give a 2 port
With instability.
Z, S. >1
S 831813“ 3 S SlBSBZFB
With Z,=2,=7 11T T 127"
P [ST ]_ 15,15 1-5,15%
And o T
7 _7 S 831823“ 3 S S238321_‘3
=242, 271 s . 2T 1_s. T
L3+ Ly i — Y3313 — 933l3
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Example

For a particular FET the Common source
50Q measured S parameters at 4GHz are

(72/-116°
| 2.60/76°

5]-

.03/57°

73/-54°

The same FET in Common gate with 5nH

Has S’ parameters

S']=

12.18/-35°
| 2.75/96°

S';;>1 and Sy, is large
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Example

e Design a 10GHz Oscillator
using the FET data.
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Example continued

S',S', T o .
— Q! 12~ 21T 1
1_Wln _Sll+1 S' T
22 - T .
Choose I'; = 0.59 / -104deg r-.'=1/
m Cy
I, =3.96/-2.4 deg - ,l)%/
Z. =-84—j1.90

Z, = _gi“ — jX, =28+ j1.9Q
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Tunable Oscillators

e Choice of I's determines I'out and
therefore determines oscillation frequency

* An adjustable impedance would allow for
adjusting the oscillation frequency
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Voltage Controlled Oscillator

L
> Y F—o O/F
R, 2;, f
L r | W L;
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- _L_ T I Vdd
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