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Microwave Devices and Circuits
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2C/1L, MDCR
Attendance at minimum 7 sessions (course or
laboratory)
Lectures- associate professor Radu Damian
Tuesday 12-14, P2
E — 50% final grade
problems + (2p atten. lect.) + (3 tests) + (bonus
activity)
first test L1: 24.02.2026 (t2 and t3 not announced, lecture)
3att.=+o0.5p
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2025/2026

Laboratory — associate professor Radu Damian
Monday 14-16, 11.13 / (even weeks)
L —25% final grade
ADS, 4 sessions
Attendance + personal results

P —25% final grade
ADS, 3 sessions (-1? 24.02.2026)
personal homework



General theory

Microwave Network Analysis




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers >
Microwave amplifier design
Microwave filters

Vil Leni )

\




Scattering matrix-S

Scattering parameters

V, Vv, Vi _ St Si . V1+
«— — Vy | Sa Swl | V)
V V
e [ F
2> Sy ==+ Sy =%
Vi V, =0 Vi v, =0

v, =0 meaning: port 2 is terminated in
matched load to avoid reflections towards

the port
L=0->V,=0



Power waves for N ports

pl=[F]-(2]- 2] ) (2)+ [z ) [F ] L]
The scattering matrix for power waves, [S ]
b]=Is,] [a]
s, |=[F]-(2]-[z:T ) (2] + [z ) - [F T

But:  [s]=(1z]-1z,)-(Z]+]Z, )"

Typically

Lo =ZLp =Ry, Vi [S] _ (g thgy_
Ry =50Q pl [ ] coincide!!!




Scattering matrix-S

d, d, |:b1:|:|:S11 S12:| |:al}
<b— T) b, S Sn ||
1 |
o s, b
Sy =—+ Sy, =%
al a2:O CZ2 a1=0

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



Scattering matrix-S

d, d, |:b1:| :{Sn S12:|_|:a1:|
<b— T) b, S Sn | a4
1
[S] : b b
al a2=0 Cl2 a1=0

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



Scattering matrix-S

d d
1 2 |:b1:|:|:S11 S12:|_|:a1:|
«—— —_ b, S Sn | a4

‘S ‘z _ Powerin Z, load
1 Power from Z, source
—
a,b
information about signal power AND signal phase
S..

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



Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Single stub tuning

Shunt Stub
-« d >
Y, —
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Single stub tuning

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

Exam /[ Project




Case 1, Shunt Stub

Shunt Stub

-« d >
R
\ ~ N
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7 \

Open or
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Analytical solution, usage

cos(p+20) =Ty 0 =p-1=tan

[, =0.593./46.85°
Ty|=0.593; ¢=46.85° cos(p+20)=-0.593= (p+26)=+126.35°

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

“+” solution N 9. ‘ ‘

(46.85°+20)=+126.35°  0=+39.7° Imy, = °L = _1.472
_ o) o) _ o) 1_‘F ‘

0, =tan"(Imy,)=-55.8°(+180°) > 0, =124.2°

“." solution
(46.85°+260)=-126.35° O =-86.6°(+180°)—> O =93.4°
= +2-|[]

\/1_‘FS‘

Imy, = = +1.472 6, = tan'(Im y;)=55.8°



Analytical solution, usage

>
(p+20) +126.35° p 39.7° [y, (0)] —1.472 p —55.8°+180°=124.2°
= = m = =
i —126.35° 93.40 U +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°

[ = 0-1:0.110-1 ] :93'40,120.259./1
360 1™ 360°

122124'2 4=0.345-4 122558 A4=0.155-4
360° 360°
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—
L -
=T ;
erm2 TL3 R2 C2
Z=50 Ohm R 60 OT C 0.995 pf gﬂ ‘ 7250 Ohm  R=60 Ohip_ C=0.995 pF
-~ E=40 E=93.5
TL2 TL4
F=2 GHz 2 GHz
Z=50.0 Ohm L s 1]

Z= 500£h
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Ref F=2 GHz Ref F=2 GHz

NZ—l

[ =iy
INCZ =
833
o_\
=
=5




Case 2, Series Stub

Series Stub
difficult to realize in singleconductor line

technologies (microstrip @
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Matching, series line + series
reactance




Analytical solution, usage

720

cos(p+26)=|Ty 0, =p-1=cot” \/—2
1—‘1“5‘

Ty =0.555£-29.92°
Ty|=0.555 @=-29.92° cos(p+260)=0.555= (p+20)=+56.28°

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

“+” solution ¢ N +2.‘1-*S‘

(-29.92°+26)=+56.28° O =43.1° Imz, = 2
6. =—cot ' (Imz,)=-36.8°(+180°) > 4, =143.2° m

SS

“." solution ‘1'

(-29.92°+26)="56.28° 6 =-13.2°(+180°) > 0 =166.8°
A _2"FS‘ _

Imz, = =-1.335 6. =—cot'(Imz,)=36.8°
N

=+1.335




Analytical solution, usage

>
+56.28° 43.1° +1.335 ~36.8°+180°=143.2°
(p+20)= 0 = Im|z,(0)] = 0, =
~56.28° 166.8° ~1.335 +36.8°
] ] >
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
43.10 166 80
h=——54=0.120-4 [ =——— 1 =0.463- 1
13463020 - oo
[ =2 503982 ;2308 o 01024
© o 360° 2 = 3600
% L?rnr?i R |j ZEZOOhm Ei1oooh°|l:§_6.37nH % 1[\-1?:::22 B |j ;l;gOOhm sz::;,% tl_6.37nH
+ s = + i e |

F=2 GHz



Stub, observations

adding or subtracting 180° (A/2) doesn’t change

the result (full rotation around the Smith Chart)

E=p-1=7=180° l:k-%,VkeN

if the lines/stubs result with negative “length”/
“electrical length” we add A/2 [ 180° to obtain
physically realizable lines

adding or subtracting 9o0° (A/4) change the stub

impedance:
Zpo=JZytanf-l & Z  =—j-Z,-cotf-l

for the stub we can add or subtract 9o° (A/4) while in
the same time changing open-circuit < short-circuit



Microwave Amplifiers



Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni )



Amplifier as two-port

Charaterized with S parameters
normalized at Zo (implicit 5oQ)

Datasheets: S parameters for specific bias
conditions



S parameters for transistors

[S]




Amplifier as two-port
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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)



Microwave Amplifiers

Stability




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)



Stability

Y Im
FL—(S”_A'S“) _ | 5125y M (—x)f+(r—p ) =R’
2 2 2 2
S| =[] S| =[] / \ ‘F—FO‘:R
T—T|=R Yol--
1 | +1
' >
X, Re [
-1




Output stability circle (CSOUT)

(Szz _A'Sl*l)* _
S| A

_ S1p "9
2 2
Sl - 14|

T, -C,|=R,

=

We obtain the equation of a circle in the

complex plane, which represents the locus of
[, for the limit between stability and
mstablllty (|| =

This circle is the output stability circle ("))

C :(Szz—A-Sl*l)* R — ‘512'521‘

2 2 2
S| -




Input stability circle (CSIN)

Similarly
‘Fout‘zl
We obtain the equation of a circle in the
complex plane, which represents the locus of
[ for the limit between stability and
instability (|, | = 1)
This circle is the input stability circle (I'¢)
(SH—ASZ)* R. — ‘512'521‘
S o]

Cq =
Sl AP




Output stability circle (CSOUT)

The output stability circle represents the
locus of '} for the limit between stability
and instability (|| = 1)

The circle divides the complex planes in two
areas, the inside and the outside of the circle
The two areas will represent the locus of I',
for stability (|, ,|<2) / instability (|, [>1)



Output stability circle (CSOUT)

Two cases possible: (a) stable outside/ (b) stable inside



Ildentification of the stability /

Instability regions

Output stability circle

|S11| < 1 = the center of the Smith chart on which I is
represented is a stable point, so it's placed in the
stability region (most often situation)

|S11| > 12 = the center of the Smith chart on which I is
represented is an unstable point, so it's placed in the
instability region

Input stability circle

|S22| < 1 = the center of the Smith chart on which I'¢ is
represented is a stable point, so it's placed in the
stability region (most often situation)

|S22| > 1 = the center of the Smith chart on which ¢ is
represented is a unstable point, so it's placed in the
instability region



Solution + region identification

>parameters ¢ _ 5: _2A'S“2) —~3.931-0.897-
S11=-0.483+0.42" 1S5|" —|A
512 = 0.111-0.043] B
S21=3.042+0.872"] Cu|=4.032
S22 =-0.182+0.123"] B |512 -S21| B
|S11|=0.64<1 L= S, =[P =4.891
IC,| <R, , 0eCSOUT -

The center of the Smith chart is placed inside the
output stability circle (0e CSOUT) and is a stable
point (| S11|<1)

the inside of the output stability circle — stability region

the outside of the output stability circle — instability
region






3D representation of |I". |, [T,

High variations -> we change to z logarithmic
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3D representation of ||, |

outl

IOg1o|rinll |OgloerUt|

log(T", (T"))) log(I'_ (')

e - 0 F Hos
oF 11 e : S
05
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3D representation of |I". |, [T,.:l, [T]=2

Il =1 -2 log,|l'| = o, the intersection with the
planez=o0is acircle

log(T, (T,)) log(I',_ (I'))

T e 15
)

0.5

0




Contour map/lines
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CSIN, CSOUT
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Im rL

-0.5

I_

8% 71—1 —0‘8 -0‘6 -014 -0.2 0 0.2 04 1
Re]‘L

8 O log(roul(rs))

-1
1.5
1
05
0
0.5
1
15

|
|
i

02 04 06 08 1



Several possible positioning

CS CS
Unconditional
Stable

Unstable

Stable

SC



Several possible positioning

Unconditional
Stable

Stable
CS

Unstable CS



(Quite) Rare positioning

CS Stable

Unstable
Stable CS

=



Stability

Unconditional stability: the circuit is
unconditionally stable if [, |<2 and |, |<2 for
any passive impedance of the load/source
Conditional stability: the circuit is
conditionally stable if [ _|<2and |, |<21 only
for some passive impedance of the
load/source

passive impedance of the load/source <-> interior
of the Smith Chart (radius 1 circle in the complex

plane)



Rollet’s condition

:1_wﬂ2_wnf+Mf

2. ‘Slz 'SZI‘

A :Sll 'Szz _Slz ‘S21

The two-port is unconditionally stable if:
two conditions are simultaneously satisfied:
K>1

|A] <1
ner with the implicit conditions:

toget
|S12
S22

]1—
K =

<1
<1

Sﬂz_wmf+Mf

2. ‘Slz 'SZI‘

>1 ‘A‘:‘Sll'S22_S12'S21‘<1



1 Criterion

Rollet’s condition cannot be used to compare the relative
stability of two or more devices because it involves
constraints on two separate parameters, Kand A

2
1-|S
U= - 11‘ >1
‘Szz —A-5 +‘S12 'SZI‘

The two-port is unconditionally stable if:

u>1
together with the implicit conditions:

|S11| <12

|S22| <1
In addition, it can be said that larger values of pimply greater
stability

W is the distance from the center of the Smith Chart to the closest output
stability circle



1’ Criterion

Dual parameter to p, determined in relation to
the input stability circles

2
1-|S
ILI' — - 22‘ > 1
‘Sn —A-55, +‘S12 'SZI‘

The two-port is unconditionally stable if:

w>1
together with the implicit conditions:

|S11| <12

|S22| <1
In addition, it can be said that larger values of ' imply greater
stability

W' is the distance from the center of the Smith Chart to the closest input
stability circle



Stability

ATF-34143 atVds=3V Id=20mA.
@0.5+18GHz
unconditionally stable for f > 6.31GHz

ADS L | A0S L
1.4— fii
1.2— ]
| 1.0—
1.0—
- 08_
¥ 0.8— § ]
T 0.6
0.6—| )
0.4— 0.4
0.2— 0.2—
00 T | T | T | T | T | T | T | T | T 00 T | T I T | T I T I T I T I T I T
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

freq, GHz freq, GHz



Stabilization of two-port

Unconditional stability in a wide frequency range
has some important advantages
Ex: We can use ATF 34143 to design a (conditionally)

stable amplifier at sGHz, but this design is useless if the
amplifier oscillates at ;5ooMHz (p=0.1)

The minimal requirement when working with
conditionally stable devices is to check stability
at several frequencies over the operating
bandwidth and outside the bandwidth
Unconditional stability can be forced by inserting
series/shunt resistors at two-port’s input/output
(with loss of gain!)



Input series resistor

2=0.037—-j-0.3

CSIN
S

;
‘ /
1 7 R, . =0.037-50Q =1.85Q




Input shunt resistor

1

R, =—
p max G

pmin

CSIN

1 1

Y T 0.026— 0226

\

’ ] \ 2=0.026— j-0.226
|
/

\m - / y=0.502+j-4.367

/

indep(m2)=558
CSIN=0.952 /-154.515 / R B 500 — 99 60
req=5.000GHz B IS

/ max
pedance—=2Z6-(07026 - j0.226) ! 0.502




Stabilization of two-port

¥ Term . 1 .
Z|Temt [ 2 5
Num=1 R1
| | Z=50 Ohm

R=152.2 Ohm R=4.56 Ohm

S_Param

- SP1 . .
~Start=0.5 GHz
Stop=10.0 GHz

 Step=0.1 GHz

@ ‘ S-PARAMETERS I

R3

i

StabFact

S
K

J

t,‘}

(\

(

P

{=stab_fact(S)

) ) . S2P

\bFact

Term

| Term2

Num=2

R +
SnP R=67.8 Ohm |-
SnP1 _ , ,
File="D:\users\s2p\f341433a.s2p" =]
MaxGain T Mu
MaxGain
MAG

Mu

I
MAG=max_gain(S) Mu=mu(S)

Z=50 Ohm



Stabilization of two-port

5
Al ]
i m1
Lan freq=2.900GHz
§ Mu=1.002
i Min
e
2—
] m2
] freq=2.900GHz
1 T ] 1 K=1.004
0 1 2 Min
freq, GHz v |
4—
|
. |
. m2
1 | | | | L| | | | ] | | I | | | T l |
0 1 2 3 4 5 6 7 8 9 10

freq, GHz



Stabilization of two-port

ADS

no r.MAG
MAG

25—
. m4
20— freq=5.000GHz
. no r.MAG=14.248
15—~
10—f
. m3
1 |freq=5.000GHz
1 |IMAG=9.999
0
S T S s s Sy B B B A
0 1 2 3 S 6 7 8 9

freq, GHz




Continue



Microwave Amplifiers

Power Gain of Microwave
Amplifiers




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)



Power [ Matching

Two ports in which matching influences the
power transfer

Ejn

[S]

Pav L PL
V3 ;
‘_r].ﬂ.[] B _‘_Vj . $ Z,
'|||||—- V,

1L‘IL]t




Two-Port Power Gains

Available power gain
sl (1 \rsf)

Unilateral transducer power gain
2 2

[ L 1V

1-8,, Ts[" 1-Sy T,[°

/ \ Input and output can be
treated independently

51, 20 L =51

Gry = ‘521‘2'




Design for Maximum Gain

Input . Output
R Transistor L
matching (5] matching 7
circuit \ ‘ (; \ ‘ circuit 0
G, 0 G,

r

in out

Maximum power gain (complex conjugate matching):

Fin :F; - 1_‘out .: 1_‘L*
For lossless matching sections 2
2 2 2 —
L Y2 T S Ny
1-Tg T, -8y, T, 1-|Ty 1-8,,-T,]

For the general case of the bilateral transistor (512#0)
_and I, depend on each other so the input and
output sections must be matched simultaneously



The Smith Chart, matching, Z zZ_

o MatchingZ loadtoZ source.
We normalize Z, overZ,

Z, =21.429Q + j-82.479Q2
z; =0.429+ j-1.65
I, =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’, “goodenough” match

180°

225°




The Smith Chart, matching, Z =Z_

V

0]

180°

o Thesource (eg. the transistor)
having Z, needs to see a certain
reflection coefficient ', towards
the load Z,

The matching circuit must move the

point denoting the reflection

coefficient in the area where foraZ,
load (I" .=0) we see towards it:

1
315 ['=1, perfectmatch @
270° ‘F - FL‘ <I’,, “good enough” match

0.4/ 0.6/ 0.8 1.0




The Smith Chart, matching,

7,#22,,Z,=Z,

180°

225°

270°

315°

The matching sections
needed to move
[ inl,
[,inl
are identical. They differ
only by the order in
which the elements are
introduced into the
matching circuit
As a result, we can use in
match design the same:

methods
formulae



Simultaneous matching

We find T
51*2'5;1 « _Op ATy
I/Fz —S;z 1=5, T

I =8 +

Lg -(1—‘S22‘2)+F§ °(A-S§2 _Sn):rs '(A'Sl*l -85, _‘Szzf -A-Sp, 'S;)"’
+54) ’(1_‘522‘2)+ Sty S50+ 85,



Simultaneous matching

% % % % 2
A'(Sn’Szz_S12'Szl):|A|
* 2 2 2 * *
\—/C S~ /-B ¥/C*
A quadratic equation
Bli\/Bf—4-\cl\2
2-C,
Similarly
Bzi\/B§—4-\C2\2
2-C,
With variables definegl as:
2 2 2 2
B, =1+5,,[ =[Sy|” -/ {Bzuszz —Is,.F —|a
Clen_A‘Szz C2:S22_A'S1*1

I.=

I, =




Simultaneous matching

Simultaneous matching is possible if:
BX-4|C|'>0  BI-4C,| >0

A'(Sl*l ’Szz _Sl*z ’S;): |A|2
P =[5 = 8-S5[ =[P [P + (11500} 50 - 1)
B2 -4]C = (o5, P + 150l + P f -
T N O NGl R O e (B O (M N

i =], T s a2 -

e[S, =4Sl AP 2 (1[5, 8ol <[ ) 418



Simultaneous matching

Bl -4-|C/[ = (1““‘511‘2)2 +(‘S22‘2 +‘A‘2)2 B

RO N (R O ) { N PRI

B -4 c| =\1-s;, 2)2 +(\522\2 —\A\z)z —2-(1—\511\2 -(\522\2 _ A\z)—4.\512 Sy|°

2

B —4.c| =1-s,, 2—\522\2+\A\2)2—4.\512-521\2

BE—4-|C[ = (K28, - Sy |) —4-[S,, - S,

B2 —4.|c,f =4 |8, |8y (2 -1)
Similarly

By —4-|Cy| = 4-IS,[ S ’(K2 _1)




Simultaneous matching

_Bzi\/B§—4-\C2\2

:Bli\/Blz_4"Cl‘2 I,

I
> 2-C, 2-G

Solutions must ensure stability:
Tyl <1 T |<1
B, >0

Al =[S182 = S), Sy <1 {
B, >0

2 2 2
B T R N R S L < ST S o (&2 =1)>0
RNPRR B2 —4.|Gy" = 4|8, |50 [ (K2 =1)> 0



Simultaneous matching

Simultaneous matching can be achieved if
and only if the amplifier is unconditionally
stable at the operating frequency, and ||<1
solutions are those with "-" sign of quadratic

solutions
_B, \/32 4\6\

_B \/BZ 4\C\

I I,

‘511‘ ‘Szz‘ _‘A‘ 2‘”‘522‘ \SH\ _‘A‘
—A- S22 —A- S11



Simultaneous matching

In the case of the simultaneous matching the
amplifier achieves the maximum transducer
power gain for the bilateral transistor
GTmaX:M-(K— K2—1)

5
If the device is not unconditionally stable at a
certain frequency, we can use MSG (Maximum
Stable Gain) as an indicator of the capability to
obtain a power gain in stable conditions



Maximum Available Gain

Indicator across full frequency range of the
capability to obtain a power gain
A

MAG graphis continL(J;)us ‘S21‘
= — = G
MSG / Tmax‘Kzl ‘Slz‘ MSG
[dB]
Gpac = G1 max

K<1a

Conditionally stable, Unconditionally stable,
Simultaneous matching ~ Simultaneous matching
impossible possible

>
log(f)



Stability

ATF-34143 atVds=3V Id=20omA.
@ 0. 5+186 Hz Unco;tc;Ellznally

14
ADS

12— Conditionally

o Stable

0.8

0.6—

Mu

0.4—

0.2—

08|

o

N

S

o —
-----—

freq, GHz



MAG/MSG

ATF-34143 atVds=3V Id=20mA.

@0.5+18GHz
25 |
ADS - Conditionally
Stable '
20— .
l Unconditionally
I Stable
15 0 /
OO
<0
==
10— l
|
|
. |
|
0 | | R | | | |
0 2 4 61 8 10 12 14 16 18
i

freq, GHz



Simultaneous matching, unilateral

transistor

In the case of unilateral amplifier/transistor
(S12 = 0) simultaneous matching implies:

ZH
I|1{_wl{t Transistor qup}lt
matching g matching 7
circuit <_‘ |_> [(;] 4—‘ I_> circuit U
G, v Gy
rx | | rin rnut |rf_
l_‘in = 11 1_‘ouz‘ = S22
* %k
I'g =5y, I =8y
2
1 ) 1— FL B | ) 1
GTmax = 5 ‘S ‘ ‘ ‘ 5 GTUmaX S 2 ‘S ‘ 1-|s 2
1—‘1“5‘ ‘1 S, FL‘ _‘ 11‘ _‘ 22‘



Example

ATF-34143 atVds=3V Id=20mA.

without stabilization K =0.886, MAG =14.248dB @
GHz

cannot be used with this bias conditions
ATF-34143 atVds=4V ld=40mA

without stabilization K =1.031, MAG =12.9dB @
;GHz

we use this bias conditions for simultaneous matching



Example

ATF-34143 at Vds=4V ld=40mA.
@5GHz

511 =0.64/111°

S12 =0.117/£-27°

S521=2.923 £-6°

S22 =0.21 /111°



Computations

Complex S Parameters

511 =-0.229+0.597:j {
512 = 0.104-0.053:j

S, =0.64/111°
S =0.64-cos111°+ j-0.64-sin111°

521 =2.907-0.306]
522 =-0.075+0.196]

Gr oy = ?-(K—\/Kz —1)= 19.497 =12.9dB
12
| 2 1
Gri/ max. = —- 1Sy ~=15.139=11.8dB

1-|Sy,|



Computations

{Bl 148> =[Sy —|A {Bz 1418, =[S, —|Af
Clen_A'S;z C2:S22_A'Sl*1

B =? B,=?

C, =2 C,=?

- _Bl—\/Bf—4-\c1\2 - _Bz—\/B§—4-\C2\2
S 2.C L 2.C



Computations

{Bl — 14187 =[S, —|A] {Bz =148, =[S, —|AP
CIZSII_A°S;2 C2:S22_A‘S1*1

B, =1.207 B, =0.476

C, =—-0.277+ j-0.529 C,=-0.222-j-0.013

. _Bl—\/Bf—4-\c1\2 - _Bz—\/B§—4-\c2\2

S L —

2.C 2.C
i =-0.403— j-0.768 I, =—0.685+ j-0.04
Ig|=0.867 <1 I,|=0.686<1

I, =0.867/-117.7° I, =0.686./176.7°
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Analytical solution (I'¢)

cos(go+26’):—‘FS‘ 0, = -1 =tan

[, =0.867£-117.7°
T,|=0.867, @=-117.7° cos(p+260)=-0.867= (p+260)==%150.1°

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

E\+" solutior; 91330 I N _2.‘1"S‘ 3 477
~117.7°+20)=+150.1°  6=133.9° myg = =-3.
6, =tan"'(Im y; )=—-74°(+180°) > 6, =106° VI-[rsf
sp S sp
“-" solution

(-117.7°+20)=—-150.1° 6 =-16.2°(+180°) > # =163.8°
= +2-T

Imys =
\/1—\1“5\2

— 43477 ¢9Sp = tan‘l(lmys ) =74°



Analytical solution (I'))

4 F20]
cos(p+26) =] 6 =p-1=tan” el
p 1_‘FL‘2

I, =0.686./176.7° v

I,|=0.686; ¢=176.7°

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

“+” solution

“.”" solution



Analytical solution (I'))

cos(g0+26’): —‘FL‘ 0 =pB-1=tan"

I, =0.686£176.7°
[,|=0.686; ¢=176.7> cos(p+20)=-0.686= (p+260)=+133.3°

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

“+" solution
(176.7°4+20)=+133.3°  §=-21.7°(+180°) > 6 =158.3°/

6, =tan" (Imy, )=—62.19(+180°) > 0, =117.9° Imy, = —2-|[|

sp 2
“."” solution J Vl_‘m

(176.7°+26)=-133.3° 6 =—155°(+180°) — @ = 25°
= +2-0,

Imy, =
NI

=—1.885

— +1.885 Hsp :tan_l(ImyL)=62.1°



Complete analytical solution

We choose one of the two possible solutions for
the input matching

>
+150.1° 133.9° —3.477 —74°+180° =106°

(p+26) {—150.10 / {163.80 tmly0)] {+3.477 v {+740

>

Similarly for the output matching

>
(0+26) +133.3° ) 158.3° iy (6)]= —1.885 ) 117.9°
v - |=1333° 7 |25.0° sWAT 1885 Y T 6210

>

In total there are 4 possible solutions
iInput/output



Term
Term1
Num=1
Z=50 Ohm

Ref

[}

' s2P ,ﬁ
- L“:I_'—“ L TLOC
s TLIN T TLIN TL4 i
AL i " TL2 11 ZZs00mm [
é:?g-g ohm z=s000nm o ~ 7=50.00hm [ E=117.9.
= E=133.9 L A, . E=1583 | Ref = F=5GHz
F=5GHZ © f g File="D:f341434b.52p" " o7 _
EGT=10"I0g(mag(S(2.1))**2)
freq s@.1) GT S(1.1) 52.2)
5.000 GHz | 4.415/157.353 12.900 | 0.004/86.088 | 0.004 /37.766
e
/ » b,
ADS \
/ \\
Ne { i
Nz \ o ]
nw
/
\ //
7
T //

freq (5.000GHz to 5.000GHz)

Term

| Term2 -
Num=2

1 Z=50 Ohm
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0
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Microwave Amplifiers

Design for Specified Gain




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)



Design for Specified Gain

In many cases we need an approach other
than “brute force” when we prefer to design
for less than the maximum obtainable gain,
in order to:

improve noise behavior (Lab 3 + Lect. 10 next)

improve stability

improve VSWR

control performance at multiple frequencies

improve amplifier’s bandwidth




Constant VSWR circles

Certain applications may require a certain ratio
between maximum [ minimum line voltage

90

1
VSWR = const = [ = const -
135 : 3
45
®
=2
$ =
5/ [02 =
< T
TRy > =
VSWR = & = 2 ¥
- ~
Vmin 1 ‘F‘ 180 | - - : d
3 2
&
% x\-02 /p\\o §
.6 ;’
N e
225 - 315
135 -0.5 _45
-1




Constant Q circles

Quality factorQ

= — =const
B

X _G
R

Q




Quality factor - bandwidth

High quality factor is equivalent with narrow

bandwid’gh
,_\ AN
s |

J.
Q

=10 |
-10 I
) b o ®» ~ ® © — N
m I LA M m m m [m m
o:] o oo o o ® ® © ©

freq, Hz



Wide bandwidth amplifier

Design for maximum gain at two different
frequencies creates an frequency unbalanced
amplifier
A
MAG

MSG
[dB]




Wide bandwidth amplifier

Design for maximum gain at highest frequency
Controlled mismatch at lower frequency

eventually at more frequencies inside the bandwidth
A

MAG

MSG
[dB]




Design for Specified Gain

Assumes the amplifier device unilateral

Input and output can be

/ / treated independently

=" 1=
1-8,, Ts[" 1-Sy T,[°

51, =0 L =511

Gry = ‘521‘2'

Maximum power gain
Iy =S5, 1 1
s =911 _ . .‘521‘2. .
I =S;2 1=[S,,] =[Sy,

GTUmaX _



Unilateral figure of merit

Allows estimation of the error introduced by
the unilateral assumption
1 _G _ 1 ;7 = Sial |82l 1S ||
(1+U) O (1-U) (1_‘511‘2)'(1_‘522‘2)

We compute U then the maximum and

minimum deviation of G, from G;

this deviation must be accounted in the design as
a reserve gain against the target gain

—20-log(1+U)< G |dB]- G, |dB]< —20-log(1-U)



Example

ATF-34143 atVds=3V Id=20mA.

@5GHz
_ ISl 11| [Sui]-[S2]

511 =0.642139° U . - =0.094
S12 =0.119/-21° (1_“9“‘ )°(1_‘S22‘ )
S21 =73.165 £/16° ~0.783 dB < G,|dB]- G, |dB]<0.861dB

522 =0.22 £146°



Example

ATF-34143 atVds=3V Id=20mA.
@5GHz

ADS

0.6

0.5

- m3
0.4— freq=5.000GHz
U=0.094

0.3
0.2

0.1

0.0 | | I | I | I | I | I | I | I I |

freq, GHz



Example

ATF-34143 at Vds=3V Id=20mA.
@5GHz, maximum and minimum deviation [dB]

o 12
ADS

10— m1 m2
- freq=5.000GHz freq=5.000GHz
¥ U plus=0.861 U _minus=-0.783
6—
82 ]
Q' .
S
00—
Pl
4

freq, GHz



Design for Specified Gain

ZH
ntehing Transistor mtching
circuit <_‘ |_> [‘_5,] 4—‘ I_> circuit
G, o G,
rlor, r.on
In the unilateral assumption:
_ 11| I8, 1-|r,|°
Y-S, Il j: 1-8,,-T,[
1-|r[ ~ -1,
G = s 2 Gy =[S G, = ¥ >
‘I_SII'FS‘ ‘I_Szz'FL‘

GS = GS (FS) G, =G, (FL)




Design for Specified Gain

Input . Output
R Transistor L
matching (5] matching 7
circuit \ ‘ (; \ ‘ circuit 0
G, 0 G,

rl Ir rl T,

In out

If the unilateral assumption is justified :

power gain added by the input matching circuit is not
influenced by the output matching circuit G, = G,(T)

power gain added by the output matching circuit is not
influenced by the input matching circuit G, =G, (T,)
Output /Input match can be designed independently

We can impose different demands for input/output
Total gain is:
G, =G,-G, -G, G,|dB|=G,|dB)+G,|dB|+ G, |dB]




Input matching circuit

[nput i 2
matching 1- ‘FS‘
circuit <—‘ |_> GS - 1—S .T 2

G, ‘_ 1" S‘

in

Maximum gain in the case of complex

conjugate match
1
-8,

* —

FS = Sll — GSmax -

For any other input matching circuit:
1) o
S Smax —




Example

ATF-34143 atVds=3V Id=20mA.

@5GHz
_ ISl 11| [Sui]-[S2]

511 =0.642139° U ( 2)( 2) =0.094

S12 =0 1194_210 1—‘511‘ - 1—‘S22‘

S21 =73.165 £/16° ~0.783 dB < G,|dB]- G, |dB]<0.861dB

522 =0.22 41460 GTUmaX _ | . -‘S21‘2 . 1 _ :1783
1_‘S11‘ 1_‘522‘

Grumax|dB]=12.511dB
1

- =1.694=2.289 dB
1-[S),]

Smax
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Contour map/lines
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G.(l¢), constant value contours

ImrT
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G.[dB](l¢), constant value contours

Im I‘S

08r
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-061F
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X
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Input section constant gain circles

The normalized gain factor (linear scale!)
Gy _ 1_‘FS‘2

- -(1—5 2)<1
Gsmax  [1-S), T[] Sil

Locus of the points with fixed values g.<1

8s =

8s “1_511 ’FS‘Z = (1_‘FS‘2)' (1_‘S11‘2)

(gs “Sn‘z +1_‘511‘2)“FS‘2 —8s ‘(Sn T'g +57, 'F;):l_‘sn‘z —8s

S —
1_(1_85)“511‘2 1_(1_85)"511‘2

‘a+b‘2 =(a+b)-(a+b)* =(a+b)-(a* +b*)=‘a‘2 +‘b‘2 +a -b+a-b

FS.F*_gs'(Sn'FS+S{k1‘F;) 1_‘511‘2_85 /+ g§°‘Sll‘2

[1_(1_&?)"511‘2]2



Plan complex — geometrie analitica

solutii

(x —x0)° + (y — yo)* = R?
a=x+j-y

C=xo+] Yo
D(a,C)=|la—C|=R

a=x1+j%
b=x,+jy,
D(a,b) =|a—b| =|b—al

D =+ — %)%+ (v — y1)?




Input section constant gain circles

T — gS.Sl*1 :w/l—gs (—‘511‘2) ‘FS_CS‘:RS
2
1_(1_85)"511‘ 1_(1 gS) ‘Sll‘
* 2
o= gs S R, = l_gS'(l_‘Sll‘ )

1_(1_85)"*?11‘2

Equation of a circle in the complex plane where ¢ is
plotted
Interpretation: Any reflection coefficient I'c which
plotted in the complex plane lies on the circle drawn for
Ocircle = GC|rcIe/GSmax will lead to a gam G Gurcle
Any reflection coefficient I'¢ plotted outside this circle will
lead to a gain G < G, e
Any reflection coefficient I'¢ plotted inside this circle will
leadtoagainGe>G,_, .



Input section constant gain circles

_ 85’51*1 _\/1—85'(1_‘511‘2)
S 2 RS = 5
1_(1—8S)"Su 1_(1_85)"511‘

The centers of each family of circles lie along
straight lines given by the angle of Ty, =S5,
Circles are plotted (traditionally, CAD) in
logarithmic scale ([dB])

formulas are in linear scale!
The circle for G¢ = o dB will always pass
through the origin of the complex plane
(center of the Smith chart)



G.[dB](l'¢), constant value contours

Im I‘S
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Output section constant gain circles

Output 2

matching § 7 G = 1- ‘FL‘

circu] 0 L —

N 155 L[
T I, 1
Maximum gain for T, =55,= GLma":1—\522\2
G, 1_‘FL‘2 ( 2)
= = =S, <1
i GLmax ‘1—S22 'FL‘2 ‘ 22‘

Similar computations
g Sy _vl-g '(1_|Szz|2)

= L
" 1_(1_8L)'|S22|2 1_(1_8L)‘|S22|2

G e = : ~=1.051=0.2154B
1_‘522‘

Example
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G, (l,), constant value contours

1 1 1 1 1 1 1 1
-1 08 -08 -04 -02 0 0.2 0.4 0.6 0.8 1



G, [dB](I',), constant value contours

GL(FL)
T T T T | T T T T 0
0.81 - I 1
2
061 1 1- ‘F ‘
2 L
G,|dB]=10-1og 5
0.4} 1L s ‘1_S22°FL‘
0.2r 1 L 4.4
S22 G u— ‘ *
Eq ; . L max L I;=S,,
= G| ay = 0-215 dB
0.2} 1 F 46
-0.4| - -7
061 1 -8
081 . 9
-10

| | | | | | | | |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Re I‘L
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Circles are plotted for requested values (in dB!)
It is usefull to compute G¢,, ., and G, before

in order to request relevant circles

Lmax



Schematici1-Lab 3

multiple circles (families) are plotted and
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Design for Specified Gain

We compute G, Gg.x 1 G max
To obtain the de5|gn gain we choose supplemental
gain needed (supplemental to constant G,)

we account for the deviation that might arise from the
unilateral assumption (using unilateral figure of merit U)

Goeignl@B1= G0 dB1+ GoldB+ G, s |B]

We plot the circles for design (chosen) values
sign / ~L_design
ée5|gn mpu% and output matching circuits
WhICh move the reflection coefficient on or inside
the design circles (depending on specific
application requirements)

design S design



Microwave Amplifiers

Low-Noise Amplifier Design




Amplifier as two-port

Vi< 2

O |

LR

EH][

I

For an amplifier two-port we are interested in:

stability
power gain

noise (sometimes — small signals)
linearity (sometimes — large signals)



Noise: random fluctuations of the signal

4 v, (1)
L '”Hlll'“'wiy ! Illllll’[l“[“l” il flll‘ Ll I I ] /
1 T
v,(0)= () == [v,(e)dt =0
T 0
T
GO=(20) =~ n0dr=0 v, =0
0



o)
t Uo(t)
% R “white” noise is flat

~

- y‘l‘r!‘wivv I ‘UMJ ' 4"11_"'.1 '\lw [l )i “ ‘Hlu_ﬂ‘nlnﬂkll‘lwn‘ P
W U% T T I T T

effective noise voltage
noise power available (for maximum power

transfer with impedance/resistance matching)
P, =kTB




Noise Figure F

R
network R
G, BT,
—_— —_—
P,=S;+N, P,=S,+N,

The noise figure F, is a measure of the reduction in signal-
to-noise ratio between the input and output of a device,
when (by definition) the input noise power is assumed to
be the noise power resulting from a matched resistor at To
= 290 K (reference noise conditions)

So/No g, 200k P, = kTB




Noise Figure F

R
T, 7£ 290 K Noisy
network R
G, B. T,
—_— —_—
P,=S;+N, P.=5 +N,

The noise figure F, is not directly a measure of the
reduction in signal-to-noise ratio between the input
and output of a device, when the input noise power is
different from that of the reference noise conditions

Si/Ni
S /N

0 IT,%290K

F #




Noise Figure F

R
network R
G, BT,
—_— —_—
P,=S;+N, P.=S +N,

In general, the output noise power consists of
two elements:
the input noise power amplified or attenuated by the

device (for example amplified with the power gain G
applied also to the desired signal)

a noise power generated internally by the network if
the network is noisy (this power does not depend on
the input noise power)



Noise Figure F

network R
G.B.T,
— —_—

Estimation of the internally generated noise
power can be done using the Noise Figure F
definition:

_Si/N

SZ/N2

T=290K(F=No ) N,=N,-G+(F-1)-N, G



Noise Figure F

R
T, 7£ 290 K Noisy
network R
G, B. T,
— —

We identify the two terms:

amplified input noise N —
internally generated noise 2

When the input noise does not

correspond to reference noise

conditions (N1 # No) N,=N,-G+(F-1)-N,-G
the internally generated noise
does not change T T



Noise figure of a cascaded system

R =S +N, G, P,=S,+N, Gs P=S,+N,
i J - _—
0 el !
B =S5 +N, G,G, P =5+ N,
'/'_» Feoo r—-
0 s

N, =N, G1+(F1_1)'No G G =G -G,
N3:N G2+(F2_1)'NO GZ N3:N1'Gcas+(Fcas_l) NO Gcas

N3 :[Nl'Gl +(Fl_1)'N0'G1]‘G2 +(F2_1)'N0‘G2
N; =N, -GG, +(F =1)-Ny -G, - G, +(F, =1)- Ny - G,



Noise figure of a cascaded system

y -4\ i

B =S5 +N, G,G, P =5+ N,
% I-.(‘l\ ﬁ-
0

N;=N,-G,-G, +(F ~1)-Ny -G, -G, +(F, =1)- N, - G,
GcaS:G1°G2 N3:NI'GcaS+(Fcas_1)'N0°GcaS
(Fl_l)’No'Gl'G2+(F2_1)'N0’G2 :(Fcas_l)'No'Gl‘Gz
1

Fcas :E+a(F2_1)



Noise figure of a cascaded system

:\"YI,- G] N 1 GE ‘Ir\..'”
——- F, F, .
lo T, Ty
(a)
:"\'rl; C’[C’ N
— FL‘aH pr—--
?_“ ?_{'l‘il.
(b) 1
Gcas :Gl G2 F _}71_'_ (FZ _1)

cas a
Friis Formula ('linear scale)

-1 F-1 F,—1
F =Fl+F2 44

. G GGy, G-Gy-Gy




Friis Formula (noise)

F-1 FB-l1_ F-1
- Gl Gl ) GZ Gl | GZ ) G3

Friis Formula shows that:

the overall noise figure of a cascaded system is
largely determined by the noise characteristics of
the first stage

the noise introduced by the following stages is
reduced:

-1

division by G (usually G > 1)



Friis Formula (noise)

F,-1 F-1 F,—1
F, =F+*—+—2>—+——1 S
Effects of Friis Formula:
in multi stage amplifiers:
it's essential that the first stage is as noiseless as possible
even if that means sacrificing power gain
the following stages can be optimized for power gain
in single stage amplifiers:
in the input matching circuit it's important to have
noiseless elements (pure reactance, lossless lines)

output matching circuit has less influence on the noise
(noise generated at this level appears when the desired
signal has already been amplified by the transistor)




Noise Figure of a Mismatched

Amplifier

An input mismatched amplifier(I'+0)

A G, F
B

C:\?W r < / %ZO G, =G-(1-|T)

N, =N, -G-(l—\r\2)+(F—1).NO .G =N, -G-(I—F2)+1F_12-NO .G-(l—\r\z)

-Ir
F-1
N2:Nl‘Gech—l_(Fech_l).NO‘Gech F;ch:1+ 22
1]
Good noise figure requires good impedance
matching




Example

ATF-34143 atVds=3V Id=20mA.

G H Z IATF-34143
IS-PARAMETERS at Vds=3V [d=20mA. LAST UPDATED 01-29-99
511 — O 64 11390 #ghz s mar 50

2.0 0.75 -126 6.306 90 0.088 23 0.26 -120
2.5 0.72 -145 5.438 75 0.095 15 0.25 -140

512 - O. 1194-210 3.0 0.69 -162 4.762 62 0.102 7 0.23 -156

4.0 065 166 3.806 38 0111 -8 022 174

(o] é 5.0 0.64 139 3.165 16 0.119 -21 0.22 146
S 21 — 3 " 165 416 6.0 0.65 114 2.706 -5 0.125 -35 0.23 118
7.0 0.66 89 2.326 -27 0.129 -49 0.25 91
8.0 0.69 67 2.017 -47 0.133 -62 0.29 67

S 22 — O. 22 41460 9.0 0.72 48 1.758 -66 0.135 -75 0.34 46

IFREQ Fopt GAMMAOPT  RN/Zo

" | | [ |
Fmin = 0.54 (tipic [dB] | sz e we ae -

o 2.0 0.19 0.71 66 0.09

r O . 45 4174 2.5 0.23 0.65 83 0.07
opt 3.0 0.29 0.59 102 0.06
40 042 051 138 0.03

r = O . 03 é 5.0 0.54 0.45 174 0.03
n 6.0 0.67 0.42 -151 0.05
7.0 0.79 0.42 -118 0.10

8.0 0.92 0.45 -88 0.18

9.0 1.04 0.51 -63 0.30
10.0 1,16 0.61 -43 0.46




Example
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Stabilization, input series resistor

ADS

NFmin

20

0.0

- |m2 ma ADS ]
] |freq=5.000GHz i m3
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Stabilization, input shunt resistor

NFmin

12 25
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Stabilization, output series resistor

ADS 14 _ ADS 25 .
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Stabilization, output shunt resistor
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Noise figure of a two-port amplifier

3 noise parameters (2reals + 1 complex):

R

_ "N
Fminﬁrn_ 9F0pt
ZO

RN 2 1 1-T 1 1_l—qopt
F=Fpn+ X ¥o-v, | ¥=—n"35 7,=—
GS ZO 1+FS Z() 1+F0pt
‘FS _ropt

FIFmin+4'7’n° )
1+1T

2
i) e,
oot OPtimum source reflection coefficient that
results in minimum noise figure

1_‘S:r‘opt:>}7:}7min
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G.[dB](l¢), constant value contours
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Circles of constant noise figure

2

\r

opt

(1—\r5\ ) 1+T,,
We define N (noise figure parameter)

N constant for F constant
‘F F len

4.7,

(F Fopt)(l“ Fopt) -(1—\1“5\2)
(r T, -T3-T, J+T,, [0 =N

F=F_.+4-r -

opt
1+ l“oplf

opt opt op ) )
r 1_,* r Fopt F F 1_, F N 1_‘opt 1ﬂopt
Sts + opt * op 2
N +1 N +1 (N +1)

‘a+b‘2=(a+b)-(a+b) =(a+b)-(a +b )z‘a‘2+‘b‘2+a*~b+a-b*




Circles of constant noise figure

X Re [




Circles of constant noise figure

2
N-| N+1-I j
— opt
N:F me'l‘l'ropzz FS \/
4-r, N+1 N +1
2
r \/N-(NH—FOpt )
[(-Cr|=R C.=—°2 p -
L5 =Crl=F FoNs1r F N+1

The locus in the complex plane I's of the points with
constant noise figure is a circle
Interpretation: Any reflection coefficient I's which plotted

in the complex plane lies on the circle drawn for F... .. wil
lead to a noise factor F=F_, .

Any reflection coefficient I'¢ plotted outside this circle will lead
to a noise factorF > F_ .

Any reflection coefficient I'¢ plotted inside this circle will lead to
a noise factorF<F

circle

circle






Circles of constant noise figure

The noise internally generated by the transistor
depends only by the input matching circuit

A minimum noise figure is possible (NF . —
datasheet/"s2p file” parameter for the tran5|stor)
If we design a low noise amplifier (LNA) the usual
design technique is as follows:

design of the input matching circuit solely (largely) for
noise optimization

design of output matching circuit for gain
compensation/optimization (if lossy circuits are used
the output matching circuit noise can be added but the
transistor noise is not influenced)



LNA — Low Noise Amplifier

Usually a transistor suitable for implementing an LNA
at a certain frequency will have input gain circles and
noise circles in the same area for [l




Matching —1

Connecting the amplifier (transistor) directly
to the source with Zo generate a reflection
coefficient seen towards the source equal
with o (complex number, I', = 0 + 0:))
most of the time this reflection coefficient does
not offer optimum noise/gain

(Vo) [S]




Matching -2

We plot on the complex plane (Smith Chart) the
stability/gain/noise circles (depending on the particular
application)

We choose a point with a suitable position relative to these
circles (also application dependent)

We determine the input reﬂectlonm/eTFGeﬁtﬁgrrespondmg
to this point, I'¢

C_ X
I, =0.412/-177.966° %

Sopt
CSIN
CCCIN



Matching -3

We insert the input matching circuits which
allows the transistor to see towards the source
the previously determined reflection coefficient

Z, r%i 0 r§_¢ 0

Input

(Vo) matching [S]

circuit




Matching — 4

Easiest to design matching section consists in
the insertion of (in order from the transistor
towards the Z_source):

a series Z_ line, with electrical length 6

a shunt stub, open-circuited, made fromaZ_ line,
with electrical length 6,

7 [,=0 Z.,0 F§_¢o

0] <€<—

() 2,0, [S]




Matching -5

Computation depends solely on I'c (magnitude
and phase)

_ 4?2-\1“5\

2& =—I tanesp T
cos(p +26) =Ty m
The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation

7 F%io Z.,0 F§_¢o

0]

() 2,0, [S]
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Example, LNA @ 5 GHz

ATF-34143 atVds=3V Id=20mA.

G H Z IATF-34143
IS-PARAMETERS at Vds=3V [d=20mA. LAST UPDATED 01-29-99
511 — O 64 11390 #ghz s mar 50

2.0 0.75 -126 6.306 90 0.088 23 0.26 -120
2.5 0.72 -145 5.438 75 0.095 15 0.25 -140

512 - O. 1194-210 3.0 0.69 -162 4.762 62 0.102 7 0.23 -156

4.0 065 166 3.806 38 0111 -8 022 174

(o] é 5.0 0.64 139 3.165 16 0.119 -21 0.22 146
S 21 — 3 " 165 416 6.0 0.65 114 2.706 -5 0.125 -35 0.23 118
7.0 0.66 89 2.326 -27 0.129 -49 0.25 91
8.0 0.69 67 2.017 -47 0.133 -62 0.29 67

S 22 — O. 22 41460 9.0 0.72 48 1.758 -66 0.135 -75 0.34 46

IFREQ Fopt GAMMAOPT  RN/Zo

" | | [ |
Fmin = 0.54 (tipic [dB] | sz e we ae -

o 2.0 0.19 0.71 66 0.09

r O . 45 4174 2.5 0.23 0.65 83 0.07
opt 3.0 0.29 0.59 102 0.06
40 042 051 138 0.03

r = O . 03 é 5.0 0.54 0.45 174 0.03
n 6.0 0.67 0.42 -151 0.05
7.0 0.79 0.42 -118 0.10

8.0 0.92 0.45 -88 0.18

9.0 1.04 0.51 -63 0.30
10.0 1,16 0.61 -43 0.46




Example, LNA @ 5 GHz

Low Noise Amplifier
At the input matching a compromise is required

between:

noise (kput constant noise figure circles)

gain (input constant gain circles)

stability (input stability circle)
At the output matching noise is not influenced.
A compromise is required between :

gain (output constant gain circles)

stability (output stability circle)



Example, LNA @ 5 GHz

_ Sl Sail Sul 152l _ oa  —0.783 dB < G, [aB]- G, [dB]< 0.861 dB
2 2
(=150 =15, ) |
Grt max = : 2 "SZI‘z' y =17.83 Grumax|dB]=12.511 48
= ISy 1=|S5)] )
Gy =|Sy|” =10.017 =10.007 dB
Gy = - =1.694=2289dB Gy = 1 - =1.051=0.215dB
_‘Sn‘ 1—‘522‘
In this particular case G ., = 0.212 dB, the transistor could

be used directly connected to the 5oQ load

The absence of the output matching circuit is not
recommended. While the attainable power gain is low, it's
absence eliminates the possibility to use it to compensate
an improper gain generated by the noise optimization of
the input matching circuit



Input matching circuit

ADS / 5

m1

/ indep(m1)=91
CZ=0.196 / -131.61
freq=5.000GHz

impedance = Z0 * (0.741 - j0.225)
\

Sopt
CSIN
CCCIN

\

m2 |

S22 8 2l SR Sndtentmaregsl (=0
S 7201315 1133 406 |
T My freq=5.000GHz /

(o]
e a
m m
O impedance = Z0 * (O.Eyé8 -]0.299)
/

m3 /
indep(m3)=77 /
CZ=0.461/-142 657
freq=5.000GH
impedance = Z0 * (0.405 -j0.287)

For the input matching circuit
noise circle CZ: 0.75dB

input constant gain circles CCCIN: 1dB, 1.5dB, 2 dB
We choose (small Q = wide bandwidth) position m1




Input matching circuit

ADS m1 ™~
indep(m1)=13 \
CCCIN=0.412 / -177.966
gain=1.000

/ impedance = Z0 * (0.417 - jo.o1\so

Sopt
CSIN
CCCIN
\s_q_____.._--—/

If we can afford a 1.2dB decrease ofthe input gain for
better NF,Q (Gs = 1 dB), position ma above is better
We obtain better (smaller) NF



Input matching circuit

Position m1 in complex plane (Smith Chart)

[ =0412£-178° Ig[=0.412; @=-178°
F2-|g]

VIl

cos(p+20)=-0412= (p+26)==114.33°

coslp+20)=05| 1y (0)]-

+114.33° 146.2° —~0.904 137.9°
2 - j— f— 0 p—
(p+26) {—114.330 0 {31.80 tmlys(0)] {+o.904 g {42.1o




Output matching circuit

m4
indep(m4)=49 N
CCCOUT=0.186 /-132.892 \

gain=0.200
impedance =20 * (0.749-j0.212)

CSOUT
CCCOUT
\\\__—d///

output constant gain circles CCCOUT: -0.4dB, -0.2dB, 0dB, +0.2dB
the lack of noise restrictions allows optimization for better gain (close
to maximum — position mg)



Output matching circuit

Position m4 in complex plane (Smith Chart)

I, =0.186£-132.9° I,|=0.186; @=-132.9°
—2- 0| _

cos(go + 26’) = —‘FL‘ Im[)/L (9)] = \/—2 =—0.379
1=

cos(p+20)=—-0.186= (p+26)=%100.72°

+100.72° 116.8° —0.379 159.3°
(p+26) {—100.720 / {16.10 tmlv, (6) {+o.379 ? {20.7o




LNA

We estimate a gain (in unilateral assumption,
+0.9 dB)
G,|dB|= G¢[dB]+ G,|dB]+ G, |dB]
G,|dB]=1dB+10dB+0.2dB=11.2dB
We estimate a noise factor well bellow 0.75dB
(quite close to the minimum ~0.6 dB)



ADS

1 - L ] TLOC
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— | AL
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Term?2
Num=2
Z=50 Ohm
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II. ; I 1.52p 2 I I - : g
TLO e i [ T TLOC
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Microwave Amplifiers

Power Gain of Microwave
Amplifiers




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)
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