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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

all materials/equipments authorized




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
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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

The Smith Chart
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The Smith Chart
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The Smith Chart
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The Smith Chart, resistance

A Im I
+
- small r,

=1

large r,

-1 +1

>
\ Re [




The Smith Chart, reactance
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The Smith Chart, impedance




Impedance matching

Impedance Matching with lumped
elements (L Networks)
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Impedance matching

IM=1 907 = »
: I, =0.8260° [T 't
135 45° ° Z,
@
180° 0°
How?
o (o)
225 315 I', =0 perfect match @

270o ‘Fo‘ <TI’, “goodenough” match



Smith chart, r=1 and g=1

Im [
+1 4

g.=1 =1

Re [




Matching with 2 reactive elements

(L Networks)

Two steps matching

first reactive element moves the reflection coefficient
onthecircler, =1/g, =1

second element compensates the remaining reactance
and achieves the impedance match
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Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1
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Single stub tuning

Shunt Stub
-« d >
Y, —
/ /N\\
i
\ b=z \
\ I
/
‘ ,

Open or
horted |
shorted

stub




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 )‘n
= Yy
7 \
A ‘ |

Open or
shorted |
stub
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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°

TL1

—
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
E=124

E=56 =
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 single conductor line
technologies (microstrip)
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Matching, series line + series
reactance




Analytical solution, usage

F2-|0]

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
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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 54 0445 179 1.14 11.4



S parameters for transistors

[S]




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 521 S12 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.
5.000 0.7400 -115.0 2. .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




Amplifier as two-port

Z
—— 0
v i FUUI_, [S] <_fU'U1 oy ,
o=z (|
]_x ]_jn E:nut rf’_
v _Zi=Zy o _Zs=Zy |V |_|Sn S| |\
L ZL +ZO S ZS +ZO Vz_ S21 S22 V2+
I V2+ Vl_:Sll'V1++Slz'V2+:Sn'V1++S12’FL'V2_
L —
£ Vy =S5, V" +8y V) =8, - " +8,, - T, - Vs



Amplifier as two-port

2 2
AR 1 e [S] V> ;

]_x ]_jn E:nut rf’_
Vi =Sy +S, Wy =8,V +8,-T,-Vy
Vy =85 V" +8y Vs =8, " +8y, - T, - Vs

similarly




Amplifier as two-port

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

I I Enut FJ’_
_ . F
r, :Q =S, + S1p -9y -1
Vl I_Szz FL
. .S .T
1ﬂout = V—2+ = S22 + S12 S21 >




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




Signal power

n
Vl _ VS’Zin :Vl+_|_V1— :V1+'(1+Fm) Vl+ _ VS (I_FS)
Lo+ 72, 2) (I_FS'Fin)
| ( ) 1 2( 2)
L3 Pm_2°Z v ‘ ‘ PL_2.—ZO.‘V2‘ °1_‘FL‘
2 2
in — ‘VS‘ ) ‘I_FS‘ 2(1—‘r ‘2)
8-ZO ‘I—FS-FZ‘H‘ V__ S21.V1+
Vy =So0 W+ 800 Vy =80 Vi 80, T Vs 2 _I—Szz-FL
2 , )
1= 5 (HFL\Z) P, = ‘VS‘ ISf {1 ‘FLz\ ) 1-T]

2:2y .‘I_Szz °FL‘2



Signal power

Signal power
2 2
Bn: ‘VS‘ ) ‘I_FS‘ 2(1_‘Fin‘2)
87, [I-Ty-T,,
o Wl sl =) p-nf
 —
8:Zy 1-8,,-T,[" [I-T-T,|
Power available from the source
P — P ‘ _ ‘VS‘z ‘I_FS‘Z
avS — tin|lp =1t T )
TR ()
Power available on the load (from the network)
2 2 2
s S| =T

P, =Pl _.
av L LFL:Fou

t

8-Z0 1=, Ty (- 0uf’)



Two-Port Power Gains

Power Gain
P, =P (I,,T,(T;)S
o PL _ ‘S21‘2°(1_‘FL‘2) in zn( S ( L) )
F, (1—‘1“1.”‘2) -‘I—Szz-FL‘z P :PL(FSaFin(FL)as)

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
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'




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

2 2
I_7 FIF,,-l-j'FZ- = l_rrz_ri
(1-T.) +T7
Z,, L, =1 +Jj-1;
instability
Re{Z }<0 < 1-T7-T7<0 r’+r’>1 | |>1
stability, Z._
conditions to be met by I, to achieve (input)
stability
| |F.l.n|<1 S11+LS;12 'SSzl EL <1
similarly Z_, Bz’

conditions to be met by I'c to achieve (output)
stability



Stability

T, <1 Spp +

We can calculate conditions to be met by I',
to achieve stability

515 -9, Ty
1-8,,-T

<1

|F0ut| <1 S22 +

We can calculate conditions to be met by I'¢
to achieve stability



Stability

S1p -5, -1}
1-8,, -1,

<1

|Fin|<1 S+

The limit between stability/instability
NTERTRY
1-8,,-1;
|Sn'(1_522'FL)+S12'Szl'FL|:|1_Szz'rL|
determinant Ofthe S matriX A:SU 'Szz _Slz 'S21

T,|=1

51— AT :|1_Szz 'FL|

S —AT,[ =[-8, -T,[



Stability

2 2
‘Sll _A'FL‘ :‘I_Szz °FL‘
a-a =‘a‘-ej9 -‘a‘-e‘j‘g =‘a‘2
‘a+b‘2 =(a+b)-(a+b)* =(a+b)-(a* +b*)=‘a‘2 + b‘z +a -b+a-b

2

Sl 1A, P (AT, -85+ AT 8y, )= 1S, = (85, T + 85, T )

(‘522‘2 _‘A‘z)'FL 'FZ _(Szz _A°S1*1)°FL _(S;kz -A -Su)T}f :‘Sn‘z -1
2

(N S A Y 0 S o O S5, —A-S),

= +
S| —[Af° S| - Af (\Szz\z —\A\z)z
2

r, T, -

2

‘Sllz—l ‘Szz_A‘Sl*l

= +
‘Szz‘z —‘A‘z (‘Szz‘z —‘A‘z)z

(Szz —A-Sf})*
Sl ~ 1]

7~




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)?




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



Output stability circle (CSOUT)

Identification of the stability / instability regions

The center of the Smith Chartin ', complex plane
correspondsto | =0

Input reflection coefficient

S-Sy -1 r,
1_S22 'FL . rL:O

L, =58+ =35y |F

in|rL:

0 :|Sn|

A decision can be made based on |S11| value and on
the position of the center of the Smith chart (origin of
the complex plane) relative to the circle



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



Example

N\

fSll
Sll

kSn

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

IATF-34143
IS-PARAMETERS at Vds=3V [d=20mA. LAST UPDATED 01-29-99

@5GHz
511 =0.64£139°

#ghzsmar50

2.0
2.5

3.0
40

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

0.69 -162 4.762 62 0.102 7 0.23 -156
0.65 166 3.806 38 0,111 -8 022 174

512 =0.119£-21° -

5.0

0.64 139 3.165 16 0.119 -21 0.22 146

521 =13.165 £16°
522 =0.22 £146°

=0.64/139°
=0.64-cos139°+ j-0.64-s1n139°
=—-0.4830+ j-0.4199

6.0
7.0
8.0
9.0

0.65 114 2.706 -5 0.125
0.66 89 2.326 -27 0.129
0.69 67 2.017 -47 0.133
0.72 48 1.758 -66 0.135

IFREQ Fopt GAMMA OPT
IGHZ dB MAG ANG

2.0
2.5
3.0
4.0
5.0
6.0
7.0
8.0
9.0

0.19 0.71 66 0.09

0.23 0.65 83 0.07

0.29 0.59 102 0.06
0.42 0.51 138 0.03
0.54 0.45 174 0.03
0.67 0.42 -151 0.05
0.79 0.42 -118 0.10
0.92 0.45 -88 0.18
1.04 0.51 -63 0.30

10.0 116 0.61 -43 046

-35 0.23 118
-49 0.25 91
-62 0.29 67
-75 0.34 46

RN/Zo




Example

ATF-34143
at




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



Solution + region identification

S parameters C = (Sll _2A'S2g) =—-1.871-1.265-
511 =-0.483+0.42"] |S11| —|A|
S12 = 0.111-0.043-j- |Cs| — 7959
521 =13.042+0.872;j S, Sy
S22 =-0.182+0.123 ] R =22

|S22|=0.22<1

|Cs| > R, 02CSIN
The center of the Smith chart is placed outside

the input stability circle (0g CSIN) and is a stable

point (| S22 | < 1)
the outside of the input stability circle — stability region

the inside of the input stability circle — instability region

1.325

5[]







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

High variations -> we change to z logarithmic

Scale Fin(FL):Su"'Slz.Szl.FL Fom(rs):Szz+S12.S21.FS
r (T) 1=58, 1}, r 1-S

11
in© L Ollt(rs)

§ 22
180 ; T
EE i I 20

» 18
20

S

R IR ST R B £
120
100
80
60
s0 .
20

116

Cob 100 10

b dso




3D representation of |} |, |

outl

IOg1o|rinll |OgloerUt|

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

e - 0 F Hos
oF 11 e : S
05
0.5 0




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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Contour lines of log_ |, |

loglolr'nl =0,

|rin| =1

log, |l",| =0, [, CSOUT

log(T, (') log(T, (')

ImrT
[o]

I ! I ! _ I 1 I
-1 0 1 2 3 4 5 -1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

Re 1"L Re I‘L



Contour lines of log_ |l

outl

_ |OgloerUt| =0,
Iog1o|rout| =0, rSI CSIN IMoutl =12

log(T,_(T')

log(T"__(TY)

5 1
4t 08F
3t 06-
2t 0.4r
10 0.2
L‘Ul
z O 0
=
A 0.2
2 0.4
-3 -06F
41 1 -15 0.8
_5 L 1 L 1 L 1 L 1 _1 1 | 1
5 -4 3 2 A 0 1 2 3 4 5 4 -08 06 04 -02 0 02 04 06 08 1



CSIN, CSOUT

log(L", (')

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
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|
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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)



Unconditional stability

The two-port is unconditionally stable if either:

The stability circle is disjoint with the Smith Chart
(exterior to the Chart) and the stable region is outside
the circle

The stability circle encloses the entire Smith Chart

and the stable region is inside the circle
One mandatory condition for unconditional
stability is |S11| < 1 (CSOUT) or |S22| < 1 (CSIN) —
if in at least one point the two-port is not stable
then it cannot be unconditionally stable
Mathematically :
4 |C |- R,|>1

( |CS|—RS‘ >1

\ 11|<1 \S22|<1




Tests for Unconditional Stability

Useful for wide frequency range analysis
It is not enough to check the stability only at
the operating frequencies

we must obtain stable operation for chosen I'; and
< at any frequency
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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



Rollet’s condition

ATF-34143 atVds=3V Id=20mA.
@0.5+18GHz

1.6
ADS

1.4—

1.2—

10—:
X OB—:
O6—:
O4—:

0.2

0.0

T T ] T [ T T T ]
8 10 12 14 16 18

N
AN
o) —

0

freq, GHz



1 Criterion

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



' Criterion

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

Unconditionally
Stable

@0.5+18GHz

1.1
ADS .
] Conditionally
1.0 Stable
© 09—
g X'
o
= .
S 08
0.7—
06—
0 2 4

0)_
- G e TG G G G G G oG -

freq, GHz



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




ADS, Rs = 2()




14

Input series resistor

Rs = 2()
K=1.008, MAG =13.694dB @ 5GHz
no stabilization, K =0.886, MAG = 14.248dB @ 5GHz

/r1.4
1.2 m2 1.2 m1
freq=5.000GHz freq=5.000GHz
fo K=1.008 | Mu=1.010
0.8— 0.8—
=
=
0.6— 0.6—
0.4— 0.4—
0.2— 0.2—
0.0 LA L L L L L LB OO 0.0 T TTTTT T[T T T T[T T T T [T T T T[T T T [ TT T T [ TT T T [T T T T [ TTTT
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

freq, GHz freq, GHz



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







Input shunt resistor

Rp = 90()

K=1.013, MAG =13.561dB @ 5GHz
no stabilization, K =0.886, MAG = 14.248dB @ 5GHz

m2
freq=5.000GHz
K=1.013

freq, GHz

ADS

Mu

2.0

1.8

1.6—
m1

freq=5.000GHz

47 Mu=1.010

1.2—
1.0
0.8—

0.6—

04 IIITITIIIIITITIIIIIIITITIIITI]IIITITIII

freq, GHz




Output series/shunt resistor

The procedure can be applied similarly at the
output (finding g/r circles tangent to CSOUT)
From previous examples, resistive loading at
the input has a positive effect over output
stability and vice versa (resistive loading at
the output, effect over input stability)

e W) e
“ﬂ N L




Stabilization of two-port

Negative effect over the power gain

we must check MAG/MSG while designing resistive loading
Negative effect over the noise (debated next)
We can choose one of the 4 possibilities or a
combination which offers better results (depending on
transistor, application etc.)
We can use frequency selective loading

Ex: RL, RC circuits which sacrifice performance only when

needed to improve stability and have no effect at
frequencies where the device is already stable

It might be possible (and should be checked) that
stability is improved as an effect of parasitic elements of
biasing circuits (bypass capacitors and RF chokes)



Stabilization of two-port

N | VN e o
+ Term TR R + Term
| < | Term1 R1 " R2 o L | Term?2
1S | Num=1 § R=89.18 Ohm R=6.82 Ohm . SnP . | Num=2
Z=50 Ohm o SnP1 | Z=50 Ohm
= File= "D \users\sZ \f341433a s2p" =
il 1 '° i

(5| sParaveTERS | |IN, | [lemd]  |leand]

— MaxGain .f - Mu - StabFact
S_Param

SP1 - -~ MaxGain Mu - - StabFact
Start=05GHz =~ MAG Mut K
Stop=10.0 GHz MAG=max galn(S) Mu=mu(S) K=stab_fact(S)

Step=0.1 GHz



Stabilization of two-port

22
AD
2.0
. m1
1.8— freq=2.300GHz
| Mu=1.002
§ 16— Min
1.4—
45
= ADS
= 4.0
. m1
10 | l | |'| [ | I | | [ I | | | 35_ m2
0 1 2 3 4 5 6 T T0 freq=2.300GHz
freq, GHz o K=1.002
- Min
2.5
2.0—
1.5
m2
L e B A s s s s s s s

freq, GHz



Stabilization of two-port

AD 25_
- m4
20— freq=5.000GHz
| - no r..MAG=14.248
O 15—:
<C )
=3 -
S1I= |
o 10—
4 m3
1 |freq=5.000GHz
> IMAG=9.710
O_||l|||l|||||||||||,
o 1 2 3 4 5 & 7 8 9 10

freq, GHz



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




Contact

Microwave and Optoelectronics Laboratory
https://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro
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