Mirowave Transistors
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O Modeling method
" ¢S-parameters : up to meas. fregs.
” eéEquivalent ckt
- freq. extrapolation
- physical
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GaAs FET

O Physical structure
S G D
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O Intrinsic EC model( no pad)
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O Biasing scheme
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Gains

Power
Zs
— —>
Vs 5%5 E: [S] |Par PC %ZL
G Gn Gout G
O Power Gain Definition
” Power gain =G
c="  .indepofzs
Pn
” AAvailable gain = Ga
P
G, = FfVL :indep of ZL

avs
" éTransducer Power gain = Gt

G, ::—L :dep on Zsand Z.

avs

0O Formula
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Amplifier Gain - S-parameter Approach
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FIGURE 11.8  The general transistor amplifier circuit.
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Amplifier Gain - from Equivalent Circuit

[Matching conzdi_tizqrtl) (XA_sspme Cy=0 — S,,=0)
in = S _WQS
Zyw =2, P B=-wC,
1\9 V. 'R, 2 2
_8Eme T gnRe R 0
i Tave b
b 6dB/oct roll - off
[Maximum frequency of oscillation

w =R © mostimportant parameter for Amp., Osc.
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Stability
O Stability Circle
|G,|=1 circle in G.- plane
G G ) output stability circle
|G| =1 circle in Gs - plane
Gn Gout ) input stability circle
for |G,|=1
ansll"'lsm& ( -D’)" ‘ ‘
-S.G G- 5222 312 - 51225212
G o5, + 356 Saf - 10 | [isaf"- D7)
ut
1-
G I::) Radius(RL) = ﬁ
\ for some Gs, G, Gn, Gout can be 2
ter than 1 .- DS))’
greater fhan Center(CL) = (‘227‘32
) unstable! 2
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Stability Circle

0 Stable region?( output )

i) |Sy <1
) forG.=0,Gn=Su<1
|:> stable for region containing G. = 0
i) Syl >1
I:> stable for region excluding G. =0
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Amplifier Stability

Stability
(1) Unconditional Stability

p for all G and G
|an| ' |Gbut| <1

(2) Conditional Stability

p for some G and G
|Gn| ' |Gbut| <1

[Conditions (iff)
1SS
ZER

K=

where D=S§,S,- S,S;

[Conditional Stable

P Needtochoose G, G
for stable region
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Narrowband Amplifier Design

Gs DUT G
I~ ]
G'n Gout
@G 4o 2 @-gpH
Gl'_ 2 SZl x 2
[L- Ganlﬁ | - S,G|
= GG, G,
_ 1-lgf
1- GG’
_1-gf
"R s.Gf

0 Maximum gain
1G,=¢
1Gu =G
1 1-|gJ°
Grmc = : el
1- |G 1- S,G|
00 Condition for simultaneous

match

g .55
G756 ™

o SSG )
G =S, Ed

) - BB 4cf

2C,

B,*+/BZ- 4C,°

2C,

2 ‘SZI‘

Gl:

where g =1+/s,"- s, [0 C,=s,- DS,
B, =1+[S,|"- |su/ - [0° C,=S,-Ds;
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Unilateral Case

[(Unilateral Transducer Gain

G =S Gu=S

e

_sdfe-16P) @ g

1- SG[ - S.G

[Condition for Simultaneous
Match

G =S, G =5,

[Maximum Unilateral Gain
1
max 1_ ‘SJJ

1

= s

Gy
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Mismatched Amp Design - Gain CirclesS(unilateral)

0 Gain for unilateral case

G=Gg4S, G,
G = 1&L & i
|1' 311GS|
_ 1-|gf
1- s,.G

0 Maximum unilateral gain

G 1

Smex :GS|Gs:Su' 1-|s |2
1

_ _ 1
Cure =Clacss =

0 Gain factor gs, gv

2 G G,
G = GSmax )*Su‘ )GLmax )(75 x
GSmax GLmax
=G X959,
here Gs=—>5-, g, = =
wnhere Ys GSmax ’ L GLmax
0 Gain circles
For given gs, find Gs
G 1-Gf
Szisz ‘Gg‘ 2(1_ ‘%_1‘2)
GSmax 1- %_,lcg‘
|:> : Cs= 953‘_1 2
i 1-(-golsy
:::Rszx/l' 9s(- |84
° 1 golsy’
) Circles!

" genter : on the line to S'us

" &=0® Gs=1) 0dB circle cross
the center
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Gain Circle and Bandwidth

) Choose Gs and G close to
the center of Smith chart

) for max bandwidth
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Low Noise Amplifier Design

O Noise figure of 2-port device
F= Fmin +&|YS - Yom
GS

2

where YS :Gs + stlYo :Gopt + JB

pt opt
O 4 noise parameters
” g:min - é?n

T &Gopt T Bopt

0 S-parameter representation
2
F= Fmin + 4'RN |Gs-2 Q)pt| >
Zo (1- |G )1+ Gy

O Noise figure parameters
) circles

F- I:min 2
N = Ryl 1+ Gbpt|

) determined by noise parameters

O Constant Noise figure circles

\lG- Goilz
1- |G
o lg. G [NV
N +1] (N +1)

* Circle center on a straight line from
the center to Gopt
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Low Noise Amplifier Design( contld )

F=20a""

O Amplifier design
O RL, Stability, Bandwidth
O LNA design
O RL, Stability, NF, Bandwidth

0 Compromise between NF, RL,
Stability and Gain
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Oscillator - Types

output
Reflector
negative
feedback

<Reflection type>

0 Two types of VCO

O Transmission type : amplifier mode = straightforward
O Reflection type : negative resistance mode : less feed structure

= potentially higher Q factor

High Q
bandpass
filter

i

<Transmission type>

output
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One - port Negative Resistance Oscillator

[Negative Resistance
Device

N

m=) Gunndiode, IMPATT, TUNNET

[Circuit

KVL @ @
® (Z,+Z,)1 =0
P R+R,=0

X +X,=0

[$-parameter representation
q:ZL-ZOZ-Zin-ZO :i
Z+Zy, -Z,*tZ, Q

P GxG,=1 at ss

[Stable oscillation with
perturbations in | or frequency,
go back to original oscillation
status

Zin(I ’W)’ZL(W)

b JX *+X0) oo

w
\ HighQ resonator needed
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Transistor Oscillator

Termination|
Load

H
Gr ’_;'n Gj FGL

ut

(resonator)

[Design procedure

"~ €hoose G; for max Gu (>1)
ZOUt = &Ut + jXOUt
P Maximize|R,,|(negative)

" €hoose z, =R +iX,
R =- %(for mex power)
XL =- Xout

[Simultaneous Oscillation
- output oscilltor

GG, =1
R GRS
G=ree

\ GG, =1

== Input oscillation

(Large signal S-parameter)
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DRO:Dielectric Resonator Oscillator

Z :_Ni(equivalent
1+ j2QDw /w,
seriesimpedance)
- Coupling factor
_Q _ R/w,L

Q, R /Naw,L

=27
2 (R =27,

- Gat theresonator plane
G= (Zo+N2R)' Zo — g
Z,+N°R+Z, 1+g
\ MeasureG® findg® find N°R
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DRO Design

Dielectric i

w
F;*Lﬁl—ﬂ‘ﬁr TTF: b :Z“

O Design Procedure
" ¢Find G for max |Rout
” eDesign output matching circuit

out

sz-%- X

" éTransform G. to G
GL¢: qejsz,
T &ind ZId ¢
+
z%=21 Gt¢
1-G

T &indg

g L4 (note : ZL=Zo)
ZO

0 Gu vs frequency (effect of DR)
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