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Matching

Source matched to load ?

—_—

. impedance values ?
i existence of
V Z,  reflections?




Matching, example
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Reflection and power [ Model

z.P PL .PaPL
L) | |2 IR

oadfoT aalox E

The source has the ability to sent to the load a certain
maximum power (available power) P,

For a particular load the power sent to the load is less than
the maximum (mismatch) P, <P

The phenomenon is “as if” (modael) part of the input power is
reflected P, =P, - P

The poweris a scalar!




TEM transmission lines




The lossless line

input impedance of a length [ of transmission
line with characteristicimpedance Z,, loaded

with an arbitrary impedance Z,
L
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Microwave Network Analysis



Scattering matrix-S

g 3 V.
V1 [S] V2 Sll Z\ﬁ =F1‘F2:O
[ — N L lv;=0
Sy1 = x_2+| = 21‘r2=o
1 vS=0

Sa1is the reflection coefficient seen looking into
port 2 when port 2 is terminated in matched load
S21is the transmission coefficient from port 2
(second index) to port 2 (first index) when port 2
is terminated in matched load



Scattering matrix-S

a, d, |:bl:|:|:sll S12} |:a1:|
«— —> b, Sy Sz @
o 181 [
Sip = ﬁ Syy = b—2
) 2,=0 d, 2,20

S.,and S, are reflection coefficients at ports
1 and 2 when the other port is matched



Scattering matrix-S

S.,andS_, are signal amplitude gain when
the other port is matched



Scattering matrix-S

a, d, |:bl:|:|:sll 812:|.|:a1:|
«— —> b, Sy Sz @

S ‘2 _ PowerinZ, load
“I" Power fromZ, source
D
a,b
information about signal power AND signal phase
S.

J
network effect (gain) over signal power including
phase information



Impedance Matching

The Smith Chart
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The Smith Chart

+1 M Im[
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Impedance matching with lumped elements (L Networks)

Impedance Matching




The Smith Chart, reflection

coefficient, impedance matching

900 — —

IM=1
135°

I, =0.8/60° -1 T

o MatchingZ, loadtoZ,source.
We normalize Z, overZ,

Z, = 21.429Q0+ |-82.479Q
Z, = 0.429+ j-1.65
T, =0.8/60°
We must move the point denoting
the reflection coefficient in the area

3150 where with a Z_ source we have:
[, =0 perfectmatch @

270o ‘Fo‘ <TI, “good enough” match

180°

225°




Smith chart, r=1 and g=1
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Impedance Matching with Stubs
Impedance Matching




Stub

Stub (en)="rest, ciot, cotor, capat” (ro)
We avoid the necessity to use lumped elements
Matching is achieved (with higher accuracy)
using usual Zo transmission lines of the circuit
We use one or more lengths of transmission line
(stub) connected either in parallel orin series
with the transmission feed line :

open-circuited

short-circuited
Usually open-circuited transmission lines are
easier to implement and are preferred



Single stub tuning

Shunt Stub

- d

OY

Q

Open or
shorted |
stub



Single stub tuning

Series Stub
difficult to realize in single conductor line
technologies (microstrip)

- d >
Zy e Zy Z
O O o
A
_ 7= ]
Zy [ Ty
Sz and

Open or
shorted
Sstub
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Analytical solution, reflection

coefficient

load: 60 Q series with 0.995 pF at 2GHz

rS r|_ / 1
-« 0] l(»\—»-”ﬁ()gz Z =R + -@C =60Q—]-79.977Q
L
50 Q —— 0.995 pF r - L, —Z, _0.405- |-0.432
s L +Z,
Y, —i—OOO6S+J 0.008S
ZL
Y, .
Solution #1 yL — Y_ =0.3+ ] 0.4
0

matching requires obtaining conjugate value for I’
I, =T, =0.405+ j-0.432 T, =0.593/46.85° 5|=0.593 ¢=46.85°



Analytical solution, I

<€ <€ <€

series line 2 [1F =6 rs(e)zo,e .
electrical length E= B-1=0 Q j*Bl |Y<(©) Y
VO

moves the reflection
coefficient on the circle g=2 y

shunt stub Ys = Y—S=Y .Z, =Y, -500

0

1-

electrical length E= B-1,,=6, Ys =

moves the reflection
coefficient to the center of
the Smith Chart ([',=0)

lF

r.(0)=[r (o) =[r, e‘z‘e]’
() I -e%? =T .e%
)=

y.(6 (6’)_1 I, -e?l?

1+T,(0) 1+T-e*?



Analytical solution, I, series line

After the series line with electrical length 6:

Relys ()] =1 Im[y;(0)] =B
Relys (0= s @)+ ;@] mlys (@)= s(0)-¥; o)
Re[ys (‘9)]:;{1:_58 2:2 +;|:;§: 2:2} I :‘Fs‘ .el?
1 | - [rg|-eHer20) (1+\F (p+20) (+20)).(1 1 |1 |- e +20)
Re[YS(Q)]:Z'{( ) 1+‘F {o+ 29) (1+F _oi{p+20 )) ( )}

1 = [coslp+20)=-T]

i
220,

1+\F\ +2-[Tg|-cos(p+20)

el (0] {




Analytical solution, I, series line

Equations for computing the series line 0:

Re[ys(9)] =1= cos(p+20) =T
I =[Tg|-el? I, =0.593./46.85° I5[=0593 ¢=46.85°

two solutions possible, in the 0+180° range (add
A2 <& 180° as needed)

0= % : [i cos ([T |)-p+k -360"]: % : [i cosH(~|s|)- (0]+ k-180°

vk eN
cos(p+20)=-0.593= (p+20)=+126.35°

+126.35° +39.7°
-126.35°

(46.85°+20) = 0=
—86.6°+180° = +93.4°



Analytical solution, I, shunt stub

Equations for computing the shunt stub 6

Relys ()] =1 cos(p +26)= |
1 |1-Ty-e?? 1-T;.e721° -
Imlys (0)]= 2 LJFFE 2j0 1+Fz 213} I =|ls|-e'
1 ( I eJ((P+29)) (1+‘1" e (¢+29) Ts|-e ((ﬂ+29)) (1+‘F . eJ(¢+29))
|m[y8 (‘9)]: 2j |: (1—|—‘F ‘ ((p+20)) El+l“ ‘ ej((p+2(9))

mfy
[ s( )] 2j { 1+‘rs‘ +2. ‘Fs‘ cos(gp+20) 1+‘FS‘2+2.‘FS‘-COS(§0+29)
—2:|Tg|-sin(p +20)

1|1y

2.5 |- 67 17720) _ 2.1 |. +J<<ﬂ+29>} — 2T -sin(p+26)
|

cos(p+260)=-s|= Im[y; (0)]=



Analytical solution, I, shunt stub

Equations for computing the shunt stub

cos(p +20)=-ls| = sin(p+26)=+,/1- s’

_I. .<i +2-C
mlys (6)]= 2-|T] Sln(go+2(9):> im[y, (6)]= | 5‘2
two cases 1-Irs 10|
2
sin (p+20)=1-T§]
@+26 €[0°180°] = sin(p+26)>0 < ~2-[T|
|m[Ys >
1-|lg)
sin (p+260)=—1- \FS\Z
+20 e (—180°,0°) = sin(p+26) <0 < T
® ( ) (CD ) Im[ys ‘ s‘
1/1 s |

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation



Analytical solution, I, shunt stub

We prefer (for microstrip) open circuited stub
Zinoe =—1"Zy-cOtB-I

The normalized susceptance to be introduced

to achieve the match

Y(0) is the admittance seen towards the source,
Zo parallel with j-B

b= |m_Y‘“’°C } = |m{zZO } —tan B-1 = Im[y,(0)]

Y0 in,oc

L F2-|T

N

Oy = -1 =tan




Analytical solution, I

— oy F2r
cos(p+20)=—|Ts] Oy = B-1 = tan m
I, =0.593,46.85° >

T,|=0593 ¢=46.85° cos(p+20)=-0593= (p+260)=+126.35°

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation

“+” solution N\ _2‘1-,8‘
(46.85°+20)=+126.35° @=+39.7°  Imy, = = =—1.472
6, =tan*(Imy; )=-55.8°(+180°) —» 0, =124.2° 1-|T5]

“." solution
(46.85°+20)=-126.35° 9 =-86.6°(+180°) > =93.4°

Imy 2420 +1.472 0, =tan"(Imy,)=55.8°

-




Analytical solution, I

>
+126.35° 39.7° _1.472 _55.8°4+180°=124.2°
(p+20)= 0= _Im[y;(0)]= 0., = )
~126.35 93.4 +1.472 +55.8

We choose one of the two possible solutions
The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation

>

39.7° o
l, = -4=0.110-4 | =34 02592
360° L7 360°
|, = 124.2 -A1=0.345-4 l, 558 -A4=0.155-4
360°

3 c2

+ Tern +
Term TL1 m
Num=1 2250 Ohm R 60 O c 0.995 pF um= _ 7=500hm R 60 O C=0.995 pF
Z=50 Ohm ( E=40 =50 ‘ E=93.5

= TL2 T TL4 2 GHz

== = 2=50.0 i JE

Z=50.0 Ohm —
- E=56

E

NZ—{

E=124
Ref F=2 GHz Ref F=2 GHz

I}



Case 2, Series Stub

Series Stub
difficult to realize in single conductor line
technologies (microstrip)

- d >
Zy e Zy Z
O O o
A
_ 7= ]
Zy [ Ty
Sz and

Open or
shorted
Sstub



Matching, series line + series
reactance




Analytical solution, reflection

coefficient

load: 100 Q) series with 6.37 nH at 2 GHz

Q o
1 :
T Z =R, +- =100€2+ J-80.05Q2
50 Q 0.397A rs r|_ ) ) J-0-C
l <€ >
— ® FL:z _20:0481+10277
100 Q Z, +Z,

50 Q 50 Q)
6.37 nH

£

e— 0. 1200 ——»

O

Solution 1

matching requires obtaining conjugate value for "
I, =I, =0.481-j-0.277

I, =0.555/—29.92° Ts|=0.555 ¢=-29.92°



Analytical solution, I

F2-

cos(p+20)=|T| 0. =p-1=cot™ \/_2
1T

I, =0.555/—29.92°
Ty|=0.555 ¢@=-29.92° cos(p+20)=0555= (p+20)=+56.28°

The sign (+/-) chosen for the series line equation
imposes the sign used for the series stub equation
“+"” solution S v 2|1
(-29.92°+20)=+56.28° 0=431°  Imzs= 2
6,, = —cot™(Imz, )= -36.8°(+180°) —» 9, =143.2° m

o —

=+1.335

“." solution \
(-29.92°+20)="56.28° =-13.2°(+180°) >0 =166.8°

N o
Imz, = 20 =-1.335 6,, =—cot™*(Imz, )=36.8°

V- f




Analytical solution, I

>
+56.28° 43.1° +1.335 —306.8°+180° =143.2°
(¢+29)={ e:{ um[zsw)]:{ e{

—956.28° 166.8° -1.335 +36.8°
N N >
We choose one of the two possible solutions
The sign (+/-) chosen for the series line equation
imposes the sign used for the series stub equation
43.1° o
l, = 4=0.120-4 , = 2008 04634
1332 -
| .1=0.398-1 =368 5 01024
2 360° 2 360°
% Tam3 g |j P T ;23 °L° % Term ] |j | ,I: | :N\/_%u
__l_ Z=50 Ohm iG E:;BG . £R= __l_ Z=50 Ohm +E3 55;6(;42 ALR:

E=36.5
F=2 GHz F=2 GHz



Double stub tuning

Double stub tuning
uses two tuning stubs in fixed positions (a
fixed length of line between the stubs)

Open | Open |

or I
short |

or I
short |



Double stub tuning

same load: 60 Q series with 0.995 pF at 2GHz
two possible solutions

-« )\/8—» 60Q - )\/g—» 060Q

P

50 Q /_/\N\;: 0.995 pF 50 s)/ 50 Q /Mt: 0.995 pF

0.482A

0.146A 0.350A

Solution 1 Solution 2



Double stub tuning

two possible solutions

1.0

0.8

0.6
T
0.4

oL |
1.0 5 ( 3.0




Double stub tuning

Typically d=A/8 or d=3A/8
Not possible for every load

unless we can add a specific length of line
between the load and the first stub

-~ ——>
™ ™

O

o
] < |




Impedance Matching with Stubs

Bypass Capacitor
(Chip)

Output Matching
Circuit

Il
Input Matching Circuit




Microwave Amplifiers



Microwave Amplifiers

A
10° =
~ 10° |-
ﬁ
s 10* Microwave tubes predominate
- 103
£ 107
=10
Solid state sources
| predominate
107! | | .
0.1 1.0 10 100 [ 000

Frequency (GHz)



Microwave Integrated Circuits

Wilkinson Chip
Hybrid divider resistor
Air Microstrip MIM Inductor

\ bridge input line capacitor
\ \ ? [

L

fal n Thin film
f é LY I 1 resistor

/ / Ground Implanted GaAs
* plane resistor substrate
\ / / \ metalization

Ground Chip FET Ceramic Choke

plane capacitor chip substrate  inductor




Amplifier as two-port

Charaterized with S parameters
normalized at Zo (implicit 5oQ)
Datasheets: S parameters for specific bias
conditions



Datasheets

/ NE46100 / NE46134

NPN MEDIUM POWER MICROWAVE TRANSISTOR

NE46134
FEATURES TYPICAL OUTPUT POWER

vs. INPUT POWER
f=1.0GHz, Ic =100 mA

+ HIGH DYNAMIC RANGE
+ LOW IM DISTORTION: -40 dBc 300
+ HIGH OUTPUT POWER :27.5dBmat TYP 280
+ LOW NOISE: 1.5 dB TYP at 500 MHz 5
+ LOW COST

(dBm)
]
s
o 3
2\ <

DESCRIPTION

The NE461 series of NPN silicon epitaxial bipolar transis- L.
tors is designed for medium power applications requiring high 140
dynamic range. This device exhibits an outstanding combina-

Output Power, P
®
o
N\
\%

: : : SFe : 120
tion of high gain and low intermodulation distortion, as well as =
low noise figure. The NE461 series offers excellent perfor- 5 10 15 = @
mance and reliability at low cost through titanium, Input Power, PiN (dBm)
platinum, gold metallization system and direct nitride passiva-
tion of the surface of the chip. Devices are available in a low
cost surface mount package (SOT-89) as well as in chip form
ELECTRICAL CHARACTERISTICS (ta=251)
PART NUMBER NE46100 NE46134
EIAJT REGISTERED NUMBER 25C4536
PACKAGE OUTLINE 00 (CHIP) 34
SYMBOLS PARAMETERS AND CONDITIONS UNITS | MIN | TYP | MAX | MIN | TYP | MAX
T Gain Bandwidth Product at Vce =10 V, Ic = 100 mA GHz 55 55
NFMIN Minimum Noise F‘guref* at Vce =10V, Ic =50 mA, 500 MHz dB 15 1.5
Vce=10V, Ic =50 mA, 1 GHz dB 2.0 20
GL Linear Gain, Vce=125V, lc = 100 mA, 2.0 GHz dB 9.0
Vce =125V, Ic =100 mA, 1.0 GHz dB 8.0
182122 Insertion Power Gain at 10 V, 50 mA, f=1.0 GHz dB 10.0] 55| 7.0
hre DC Current Gain? at Vce =10 V, Ic = 50 mA 40 200| 40 200
Iceo Collector Cutoff Current at V 20V, lE=0mA BA 50 50
leso Emitter Cutoff Currentat Ves =2V, lc =0 mA BA 5.0 5.
P1iaB Output Power at 1 dB Compression, Vce =125V, Ic =100 mA, 2.0 GHz dsm 27.0
Vce=125V, Ic=100 mA, 1.0 GHz dBm 275
IM3 Intermodulation Distortion. 10 V. 100 mA. F1 = 1.0 GHz. F2 = 0.99 GHz.




Datasheets

NE46100
VCE=5V,Ic=50 mA
FREQUENCY S11 S21 S12 S22 K MAG2
(MHz) MAG ANG MAG ANG MAG ANG MAG ANG (dB)
100 0.778 -137 26.776 114 0.028 30 0.555 -102 0.16 29.8
200 0.815 -159 14.407 100 0.035 29 0.434 -135 0.36 26.2
500 0.826 177 5.855 84 0.040 38 0.400 -162 0.75 21.7
800 0.827 176 3.682 76 0.052 43 0.402 -169 0.91 18.5
1000 0.826 173 2.963 71 0.058 47 0405 -172 1.02 16.3
1200 0.825 170 2.441 66 0.064 47 0412 -174 1.08 14.0
1400 0.820 167 2.111 61 0.069 47 0413 -176 197 124
1600 0.828 165 1.863 57 0.078 54 0.426 -177 115 114
1800 0.827 162 1.671 53 0.087 50 0432 -178 1.14 10.6
2000 0.828 159 1.484 49 0.093 50 0.431 -180 1.17 95
2500 0.822 153 1.218 39 0.11 48 0462 177 1.18 7.8
3000 0.818 148 1.010 30 0.135 46 0490 174 1.16 6.3
3500 0.824 142 0.876 21 0.147 44 0.507 170 1.16 53
4000 0.812 137 0.762 13 0.168 38 0.535 167 1.14 4.3
VCE=5V,Ic=100 mA
100 0.778 -144 27.669 111 0.027 35 0.523 -114 0.27 30.2
200 0.820 -164 14.559 97 0.029 29 0.445 -144 042 27.0
500 0.832 -179 5.885 84 0.035 38 0.435 -166 0.81 22.2
800 0.833 175 3.691 76 0.048 45 0435 -173 0.95 18.8
1000 0.831 172 2.980 71 0.056 51 0437 -176 1.05 16.0
1200 0.836 169 2.464 67 0.061 52 0432 -178 1411 14.0
1400 0.829 166 2421 61 0.072 53 0.447 -180 1.12 12.6

1600 0.831 164 1.867 58 0.080 o4 0.445 179 1.14 11.4



Datasheets

NE46100, NE46134

TYPICAL COMMON EMITTER SCATTERING PARAMETERS? (14 = 25:c)

Coordinates in Ohms
Frequency in GHz
Vce=5V.,Ilc=50 mA



S2P - Touchstone

Touchstone file format (*.s2p)

I SIEMENS Small Signal Semiconductors

IVDS=35V ID=15mA

#GHz S MA R 50

I f S11 S21 S$12 S22

IGHz MAG ANG MAG ANG MAG ANG MAG ANG
1.000 0.9800 -18.0 2.230 157.0 0.0240 74.0 0.6900 -15.0

2.000 0.9500 -39.0 2.220 136.0 0.0450 57.0 0.6600 -30.0

3.000 0.8900 -64.0 2.210 110.0 0.0680 40.0 0.6100 -45.0
4.000 0.8200 -89.0 2.230 86.0 0.0850 23.0 0.5600 -62.0

5.000 0.7400 -115.0 2.190 61.0 0.0990 7.0 0.4900 -80.0

6.000 0.6500 -142.0 2.110 36.0 0.1070 -10.0 0.4100 -98.0
|

I f Fmin Gammaopt rn/50

IGHz dB MAG ANG -

2.000 1.00 0.72 27 0.84

4.000 1.40 0.64 61 0.58




S parameters for transistors

[S]




Amplifier as two-port

Z
J e . =2
- B L
v e (W= L
[ ]_jn E:nut rf’_
r_Zi=Zy o _Zs=Zp |V |_ Sit Swa | |V
A Vim =S1-Vi + 81,V =Sy -V + 5, T -V

Va Vo =S50V 4S5V =85 V" + 555 -V,



Amplifier as two-port

2 2
AR 1 e [S] V> ;

O

TN P L Y

Vim =8 Vi +8,-Vy =8V +8, - T -V,

Vy =850V +8p -V, =55V +5,5, - T V5
similarly

r -

_Vl_ — S _|_812°821°FL

T \/_2_822+812'521'rs

=1 =5, =2 —
A 1-55 -1} ou! A 1-S5;; 1%



Amplifier as two-port

—
+ é
ol =~ 40
Y
< <
— 1 =+
e
— —
| +
+
O 40
Y
Yy
N
2

I I Enut FJ’_
V) Si5- 55
rin:%: 12721l
V, S15 S, T
Dot == =Spp+— 2o




Signal power

V; -Z, _ Ve (1-T%)
V== Vv =V (AT V,F =18 s
1 Z 127, 1 TV " Q+T,) 175 (-T,-T.)
1 2 2 1 |12 2
C3 P‘f‘zz.zo"v1+ '(1_‘F'“‘) PL:z.ZO"VZ‘ (1“FL‘)

2 2
Rn = ’VS‘ ' ‘1_FS‘ 2 (1_‘Fn‘2)

8-Z, 1-Ts T v
Vo =S50y +855Vy =Sy V" +855 T Vy °1-S,,T,

2
M s NP Isuf b ) p-r
L= > L | R = ' :
2:Zy 1-S,, T




Signal power

Signzgl power
P =2/Sz‘ AL )
Lo 1-Ty-T;,
_ V| ,‘521‘2‘(1_‘11‘2), LT[
8:Zy [N-Sy, T M-I
Power available from the source
_ Vs| | -1
Tin=Ts 8-7, (1_‘FS‘2)
Power available on the load (from the network)
_ Vs|” | Saf” - T|”
8-Z, \1—511Ts\2-(1—\F0ut\2)

al

P

av s

=P

P

avL ™ L‘FL:Fc’;ut




Two-Port Power Gains

Power Gain
o P s - ) P =P (5,T,,(T.).S)
Rn (]'_‘Fin‘z) o‘l—szz -FL‘Z P = PL(FS1Fin(F|_), S)

The actual power gain introduced by the
amplifier is less important because a higher gain
may be accompanied by a decrease in input
power (power actually drained from the source)
We prefer to characterize the amplifier effect
looking to the power actually delivered to the
load in relation to the power available from the
source (which is a constant)



Two-Port Power Gains

Available power gain
P Sl --Isf)

GA:p 2 2
avs ‘1_822'11‘ °(1_‘Fout‘ )

Transducer power gain

2 2 2
_ it :‘321‘ '(1_‘FS‘ )°(1_‘FL‘ ) T, :rin(rl_)

Unilateral transducer power gain
1- || _ 1-|r[°
1-Sy, T =S, .|

/ \ Input and output can be
treated independently

S, =0 Lih =351

GTU = ‘521‘2 ‘




Amplifier as two-port

]_x rj n E;. ut rf’_

O |

For an amplifier two-port we are interested in:
stability
power gain
noise (sometimes — small signals)
linearity (sometimes —large signals)



Preview (pentru laborator 3-4)

Amplificatoare de microunde




Proiectare pentru castig impus

ZH
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rl o lr, Ml 1T,
Daca ipoteza tranzistorului unilateral este
justificata:
| SN ) o
Gry =[Sz - 2 2
1-Sy; - Ts|" [1-Sp I
1|1, [° 1|, [°
Gg = ‘ S‘ 2 602‘821‘2 G = ‘ L‘ 2
1-S;; Ty 1-S5 Ty



Proiectare pentru castig impus

Z
Input . Output
! , Transistor xl ‘
matching N matching 7
circuit [(; \ ‘ circuit 0
G, \ ‘ v Gy

in rnut |rf_
Daca ipoteza tranzistorului unilateral este justificata:

castigul adaugat prin adaptare mai buna la intrare nu
depinde de adaptarea la iesire

castigul adaugat prin adaptare mai buna la iesire nu
depinde de adaptarea la intrare

Adaptarile la intrare/iesire pot fi tratate independent
Se pot impune cerinte diferite intrare/iesire
se tine cont de compunerea castigurilor generate

Gr =G -Gy -G G [dB]=Gs[dB+Gy[dB|+G, [dB]

rl o Ir
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G.(l¢), diagrama de nivel
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G.[dB](l'¢), diagrama de nivel
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Cercuri de castig constant la intrare

Oq .Sfl J1—0g '(1—‘311‘2) ‘FS _CS‘ =R,

1_(1_95)"811‘2 1_(1_95)"511‘2
Js 'Sfl R. — \/1_ Os '(1_‘811‘2)
5 —
1_(1—95)"511‘ y 1—(1—g5)-‘811‘2

Ecuatia unui cercin planul complexin care reprezint I'c
Interpretare: Orice punct ¢ care reprezentat in planul
complex se gaseste pe cercul desenat pentru g ... = G oo/ Gsmay
va conduce la obtinerea castigului G =G,

Orice punct in exteriorul acestui cerc va genera un castig G < G_,,.

Orice punct in interiorul acestui cerc va genera un castig G¢ > G,
Discutie similara la iesire CCCIN, CCCOUT

FS_

Cs =




CCCIN, CCCOUT

70N
T/

Cercurile se reprezinta pentru valorile cerute in dB
Este utila calcularea G si G, .., anterior

conj(S(2,2))
CSOUT
CCCOuUT

conj(S(1,1))
CSIN
CCCIN

O

Smax Lmax



Factor de zgomot

Noisy

@ network R
G, B. T,

— —
N, P =5 +N,

Factorul de zgomot F caracterizeaza
degradarea raportului semnal/zgomot intre
Intrarea si iesirea unei componente
E_ Si/N;
So/Ng
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G.[dB](l'¢), diagrama de nivel
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CZ — numai la intrare'!

Sopt
CZ

@
=

cir_pts (0.000 to 51.000)
freq (5.000GHz to 5.000GHz)



Exemplu, LNA @ 5 GHz

Amplificator de zgomot redus

La intrare e necesar un compromis intre
zgomot (cerc de zgomot constant lantrare)
castig (cerc de castig constant la intrare)
stabilitate (cerc de stabilitate la intrare)

La iesire zgomotul nu intervine (nu exista

influenta). Compromis intre:
castig (cerc de castig constant la iesire)
stabilitate (cerc de stabilitate la iesire)



Adaptare la intrare

m1

indep(m1)=13
CCCIN=0.412/-177.966
gain=1.000000

impedance = Z0 * (0.417 - j0.015)

Sopt
CSIN
CCCIN

Daca se sacrifica 1.2dB castig la intrare pentru conditii
convenabile F,Q (Gs = 1 dB)
Se prefera obtinerea unui zgomot mai mic



Adaptare la iesire

m2
indep(m2)=49
CCCOUT=0.186/-132.892
gain=0.200000

impedance = Z0 * (0.749 - j0.212)

CSOUT
CCCOUT
E§>>
N
__'_,__,_,-')/

CCCOUT: -0.4dB, -0.2dB, 0odB, +0.2dB
Lipsa conditiilor privitoare la zgomot ofera posibilitatea
obtinerii unui castig mai mare (spre maxim)



LNA

De obicei un tranzistor potrivit pentru implementarea unui
LNA la o anumita frecventa va avea cercurile de castig la
intrare si cercurile de zgomot in aceeasi zona pentru ¢

o

N\

Sopt
conj(S(1,1))
CSIN
CCCIN
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Microwave and Optoelectronics Laboratory
http://rf-opto.etti.tuiasi.ro
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