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Microwave Devices and Circuits

for Radiocommunications




2022/2023

2C/1L, MDCR
Attendance at minimum 7 sessions (course or
laboratory)
Lectures- associate professor Radu Damian
Tuesday 12-14, Online, P8
E — 50% final grade
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ADS, 4 sessions
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ADS, 3 sessions (-17 21.02.2022)
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Activities
Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assoc.P. Dr. Radu-Florin Damian, 1 Hours/Week, Group, Timetable:

g

Evaluation

Type: Examen
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A: 50%, (Test/Colloquium)
B: 25%, (Seminary/Laboratory/Project Activity)
D: 25%, (Homework/Specialty papers)

Grades Main Courses Master Staff Rese

Aggregate Results

Attendance

Course
Laboratory.

Lists
Bonus-uri acumulate (final) l =
Studenti care nu pot intra in examen on l n e Exa ms

Materials

In order to participate at online exams you must get ready following

Course Slides

MDCR Lecture 2 (pdf, 3.67 MB, en, )
MDCR Lecture 3 (pdf, 4.76 MB, en, 3)
MDCR Lecture 4 (pdf, 5.58 MB, en, 38)
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Materials

RF-OPTO

http://rf-opto.etti.tuiasi.ro
David Pozar, “*Microwave Engineering”,
Wiley; 4th edition, 2011

1 exam problem € Pozar
Photos

sent by email/online exam
used at lectures/laboratory
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access to online exams requires the password
received by email

Main Courses Maser Staff Researd
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Main Courses Master Staff Research Stud

Login

Use the last name and email glored in the database

POPESCU GOPO ION

Name
POPESCU GOPO

Date: ‘ Email/Password

Fotografia z PESREI
nu exista Grupa 5700 (2019/2020)

Specializarea Inginerie electronica si telecomunicatii

Marca 7000000 Write the code
bH

—

< Access the site as this @Qﬂuest access to software ?%E @

Grades

Inca nu a fost notat. Send




access email/password

Main Courses Master Staff Researc Main Courses Master Staff Researg

POPESCU GOPO ION POPESCU GOPO ION

Date: Date:

Fotografia T v Fotografia v aras

nu exista Grupa 5700 (2019/2020) nu exista Grupa 5700 (2019/2020)
Specializarea Inginerie electronica si telec Specializarea Inginerie electronica si telec
Marca 7000000 Marca 7000000

You access thsite as this student! You access the site‘s this student (including exams)! >




Password

received by email
@tant message from RF@ Abox x

Radu-Flor

in Damian

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este
Parole: QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is
Password

Login to the server, with this password, as soon as possible, for confirmation

Save this message in a safe place for later use

4. Reply 4~ Reply all ®» Forward

Atk Subject oo Correspondents

< mportant message from RF-OPTO > =) POPESCU GOPO ION
Validation © rom 0Z2/05/2020 _

Me <rdamian@ettituiasi.ro> W

Important message from RF-OPTO

Me <rdamian@etti.tuiasi.ro> #

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi" lasi

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este

Parola: QUMD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is

Password: (D

Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use



Online exam manual

The online exam app used for:
lectyres{attendance)

aboratory

project
.

Materials

Other data

Manual examen on-line (pdf, 2.65XB, ro, 1)

, 2 MB, ro, 11)

Simulare Examen (video) (mp4, 6

Microwave Devices and Circuits (Enalis



Examen online

[\

always against a timetable
long period (lecture attendance/laboratory results)

\ext timeframe in:

Announcement Support material
23:59 (10/05/2020) 00:05 (11/05/2020)

Exam Topics Results End Confirmation
00:07 (11/05/2020) 00:10 (11/05/2020) 00:20 (15/05/2020) 00:20 (16/05/2020)

Refresh now

Announcement

This is a "fake" exam, introduced to familiarize you with the server interface and to perform the necessary actions during an exam: thesis scan, selfie, use email for cc

Server Time

the server's time zone (it may be different from local time). For reference time on the server is now:
10/05/2020 23:59:16



Online results submission

many numerical values/files
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Online results submission

many numerical values

148.33 155.88 202.12 164.35 180.91 30.29 185.19

97 153.5 34.64 35.79 55.56 26.212 10.694

q_ims e

50 50 50 50 50 50 50 —> x




Online results submission

+ Quality of the submission



TEM transmission lines




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni >



The lossless line

1(2)= Yo gz Vo gi

Zy Zy

Vo +Vy
Vo =V

Zy

voltage reflection
coefficient

F_VO_ _ ZL_ZO

VS 72, +7Z,

: )
. Z Z, 4T~
|

A'\

Z, real



The lossless line

V(z)=V, -(e‘j'ﬂ'Z +T -ej'ﬁ'z) 1(z)= Vo -(e‘j'ﬂ'Z -T -ej'ﬂ'z)

0

time-average Power flow along the line

i :; Re {V( )-1(z )}:%’V;O‘ Re{l-T".e?7 4T.e21 ||

Tota power delivered to the load = Incident
power — “Reflected” power
Return “Loss” [dB] RL =—20-log|[] [dB]



The lossless line

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

with an arbitrary impedance Z,
L

_______l;l_____..
S
N




General theory

Microwave Network Analysis




Scattering matrix-S

Scattering parameters

PR SV IV S S| |V
D J— — A Sp1 S Vz+
V V
s
2 S11:L+ S21:—2+
Vi V, =0 Vi V, =0

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

[,=0—>V, =0



Scattering matrix-S

d, d, |:bl:|:|:sll S12} |:a1:|
<b— —b—> b, Sy Sp | @
1 |
o [s1 [ X b
Sl]. - 822 — _2
a]_ 8.220 8.2 a1:0

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



Scattering matrix-S

S.,si S, aresignal amplitude gain when
the other port is matched



Scattering matrix-S

d
a, 2 |:bl:|:|:sll SIZ}.|:a1}
«— —> b, Sy S| &

S ‘2 _ PowerinZ, load
*''" Power from Z, source
D
a,b
information about signal power AND signal phase
S.

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



Impedance Matching

The Smith Chart



The Smith Chart

o

=

+1

RESISTANCE COMPOMENT (R /2o, OR COMDUCTANCE COMPONENT (Y o!

02,

i
il




The Smith Chart

+1 M Iml
/ M=1
Il
O=argl +1
1

Re [




Impedance matching

Impedance Matching with lumped
elements (L Networks)




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni >



The Smith Chart, reflection

coefficient, impedance matching

900 — —

I, =0.860° M1 o

IM=1
135°

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

Z, =21.429Q0+ |-82.479Q)
z, =0.429+ -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 @

180°

225°

270o ‘Fo‘ <I}, “good enough” match



Matching, series reactance

Zin :rL+j‘(XL+X1)

lin =1L

Match can be obtained if
andonlyifr =1

we compensate the
reactive part of the load

)X ==X




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



series C, shunt C / shunt C, series C

Forbidden area for 7z, o

)
J

current network
22




(Vp)
afd
c
()
&
D

ive e

Iith 2 reacti

Match

Ing Wi

(L Networks)

W)

A

Forbidden area for
current network



Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Single stub tuning

Shunt Stub

-« d >
O

Open or
horted |
shorted

stub




Single stub tuning

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

- d >
Zy — Zi
Om O O
A
—y
/ N
; | \
/= —
\ [ y ' \
\ |
Y \ /

 SEEEE . /
.A Open or ~="

shorted
stub



Analytical solutions

Exam /[ Project




Case 1, Shunt Stub

Shunt Stub
,:‘ d )‘n
= Yy
7 \
A ‘ |

Open or
shorted |
stub



Analytical solution, usage

cos(p+260) =T} 0, = B-1=tan

I, =0.593./46.85°
,|=0593; ¢=46.85° cos(p+20)=-0593= (p+20)=+126.35°

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

“+" solution ~ 2.
(46.85°+26)=+126.35° 6=+39.7°  Imy, = m ~1.472
T

6, =tan*(Imy,)=-55.8°(+180°) — 6, =124.2°

“." solution
(46.85°+260)=-126.35° @ =-86.6%(+180°) » & =93.4°

212 | =+1.472 O, = tan*(Imy, )=55.8°

Imy. =
i




Analytical solution, usage

>
(p+20)= 26.35° _ [39.7° imly. (0)]= AT2 ) _[-55.8°+180°=124.2°
g “(S12635° 7 9340 AT (Lar TP T 45580

>
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

|, = 1=0.110-1 93.4

1= 200 |, = T 1=0.259-1

, _124.2° 43452 , _8 o 0155.2
360° 360°

33

NZ—{

Z=50.0 Ohm —— ZSOO(gh
E=124 - E=56

Ref F=2 GHz Ref F=2 GHz

+2  Tem T
Terl m C2
TL1 TL3
Num=1 7=50 Ohm R 60 O C 0.995 pf um= - Z=50 Ohm R 60 O C=0.995 pF
Z=50 Ohm ( E-10 =50 ; s
= TL2 =2 GHz TL4 =

I}



Case 2, Series Stub

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

O
A
O Y

)
it

Zy e Z

O

\ | e 1 /i \\
& Y \

A ‘ '
b ——— &Y \ /
Open or SN
shorted
stub

o)




Analytical solution, usage

F2-|[]

cos(p+20) =T 6. =p-1=cot™ \/_2
1_‘Fs‘

I, =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 |, S Lo
(-29.92°+20)=+56.28°  #=43.1° Imzg = m =+1.335
I

6,, =—cot *(Imz,)=-36.8°(+180°) —» 4, =143.2°

SS

“." solution ‘1'

(-29.92°+20)="56.28° @ =-13.2°(+180°) - 6 =166.8°
-2

Imz, = =-1.335 6,, =—cot *(Imz, )=236.8°
V1=




Analytical solution, usage

>
6.28° 43.1° 335 —36.8°+180° =143.2°
(p+20)= 0= Im|z, (0)]= Oy =
56.28° 166.8° 335 +36.8°
" 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° 166.8°
l, = 4=0.120-4 |, = -1 =0.463-1
Ry o
| .1 =0.398-4 L 2368° & _0102.4
2= 360° 2 360°
__l_ Z=50 Ohm +E6 E:;BGH £R= __l_ Z=50 Ohm +E3 E;%HZ ALR

F=2 GHz F=2 GHz



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)



S parameters for transistors

[S]




Amplifier as two-port

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



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



S2P - Touchstone

Touchstone file format (*.s2p)

I SIEMENS Small Signal Semiconductors

IVDS=35V ID=15mA

#GHz S MA R 50

I f S11 521 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




Amplifier as two-port

Z,
T T
V 'l > | - _ -2 4
- B L
o=z (W
]_x ]_jn E:nut rf’_
r _ 4 —4y T _Zs— 4 Vio|_ i S12 IV
" Z,+Z, ° Zs+Z, V5| [Sa Sxu] |V,
RA Vi =SV +8,V, =8V +S, T -V,

Vo V, =S5V +S55, -V, =Sy V" +S,, - T -V,



Amplifier as two-port

Tovil] s Y S
I.";] "'I]

T E]] E:nut rf’_
V, =5, 'V1+ +8y, -V, =Sy ’V1+ +Sy, 'FL 'Vz_

similarly
V) Sip Sy 1 . .S...T

V1+ l_ 822 . l_‘L OUt V + 1_ Sll . FS



Amplifier as two-port

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

I I Enut FJ’_
V) Si5 Sy - I
rin—%—511+ 12 "921° 11
Fa =2 =S5y 5252118
Va 1-5y; - I




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

Vi S1p -9y -1 I = Zin — %o
Fin :_+:S]_1+ In Z —|—Z

V1 1_822'FL in 0

Ve -Z ) Ve (1-T)
V _ S in :V+ V :V+‘ 1 F V+: S S
1 Z 42, 1 Vi 1 (+ m) 1 > (1_FS'Fin)

B 1 L2 ( 2) B 1 _12 ( 2)
L2 Ro=g MR R=g N in

2 2
Pin _ ’VS‘ ] ‘1_FS‘ . (]-_‘Fin‘z)
8-Z ‘1—FS -F-n‘

V. = S21 'VlJr
Vo =S50 -Vi +S85Vy =S V" +55 I -Vy *1-S,-T,

2
b ’Vl+ . Sy (1—\1“ ‘2) b V| ,‘321‘2'(1_‘11‘2), LT[
- 2.2, - AN - 8.2 ? :




Signal power

Signal power
2 2
1-T
Pin:’g/sz‘ | ‘ S‘ 2(1_‘Fin‘2)
L _ N[ [safpefnf) penf
=

Power available from the source
2 2
[ R-T

T BT )
Power available on the load (from the network)

2 2 2
Vs S| =T

320 15, I b ?)

F)avS — I:)in

Pav L — PL‘FL:F*

out



Two-Port Power Gains

Power Gain
P =P (I,I (T, )S
PL - ‘821‘2.(1_‘11‘2) in m( S ( L) )

P (1—‘1“"1‘2) -‘1—822 -FL‘Z PL = PL(FS’Fin (FL)’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
o _Pur [l o)
oL
s ‘1_822'FL‘2'(1_‘F0ut‘2)

P

Transducer power gain

P [Suf oI o) .

o o =Tl
T PavS ‘1_FS 'Fin‘z"l_szz'n_‘z in in\! L

Unilateral transducer power gain
1-” 1nf
1S, Ts[” L-Sy, T [

/ \ Input and output can be
treated independently

Sy, =0 L =S

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)



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

L6 T=I,+jT r— 1-I7 - Ty
"~ (-, P +17?
Zin Lin :rr'l'j'ri
instability
Re{Z }1<0 < 1-T?-T?<0 [F+07>1 [h,|>1
stability, Z,
conditions to be met by I, to achieve (input)
stability
|Fin|<1 Sll+512'521'rL <1
similarly Z_, 1=52-T1

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



Stability

+ S12 ' S21 °rL

<1

|Fin | <1 S11

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

S12 ) S21 °FS

<1

|Fout| <1 822 +

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



Stability

Sip Sy T
S, + 12 21 L <1
Tin| <1 H1-s,.T
The limit between stability/instability
Si, Sy T
|F |:1 S 42 221 Ly
" 1-55 T

|811'(1_522 'FL)+812 °821°FL|:|1_822 'FL|
determinant Ofthe S matriX A:Sﬂ'szz _812 ’821

Si—A-T :|1_322 'FL|

S;,—A-T | =-S5y T, [



Stability

2 2
|311_A‘F|_| :|1_822 'FL|

a-a" =|a-e)-[a]-e71? =|a|”

a+b° =(a+b)-(a+b) :(a+b)-(a*+b*):\a\2 +|b]° +a"-b+a-b"

S AP M P (AT S5+ AT T7 Sy )=1+[Sy > I P = (S5, - T+, T )
(1S50]2 A2} T Ty = (S5~ A5 )T — (S5 &8y, T =[50 1.

ro (S, —A-Sfl)-FL;L(SSZZ— NSy )T \8112\2 = \322 A8y
‘322‘ _‘A‘ ‘522‘ _‘A‘ (‘522‘ —\A\ )2
o lsu[f 1 11

Szl [ (‘522‘ -|A )2

2

(sp-a-sy)
S| —|Af

L




Stability

* Im [
r —(SZZ_ZA'S%) — 8122'8212 ! M1 (X_Xo)2+(y—YO)2:R2
‘522‘ _‘A‘ ‘822‘ _‘A‘ / \ ‘F_FO‘:R
I-Ty[=R Yo!--
1 , +1
' >
X, Re [
-1




Output stability circle (CSOUT)

T _(822 _ASII)
L 2 2
Sy| A

Slz ) 821
2 2
Syl —|A

‘FL _CL‘ — RL

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 output stability circle (')

C, = (822 _ZA'S%) R, = ‘8122'821‘2
S,of° - A IS2al” [




Input stability circle (CSIN)

Similarly Sy, S,y T

o] =1 1-S;; T
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'¢)

C = (811 _ZA'SSZZ)* Rg = ‘8122'821‘2

.l [ Sy

Sop +




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 (|, |<1) / instability (|I"; [>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 Chart in ', complex plane
correspondsto | =0

Input reflection coefficient

+512‘521‘F|_ r |
N, =0
1_822 'FL =

Lin =51 =31 |rin|rL:0 = |811|

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| > 1 = the center of the Smith chart on which I is
represented is a 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 =2 the center of the Smith chart on which I¢is
represented is a unstable point, so it's placed in the
instability region



Example

J\

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

@5GHz
511 =0.642139°

IATF-34143

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

#ghzsmar50

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
3.0 0.69 -162 4.762 62 0.102 7 0.23 -156

40 0.65 166 3.806 38 0.111

-8 0.22 174

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°

(S,, =0.64.,139°
S;; =0.64-c0s139°+ j-0.64-sin139°

'S,, =—0.4830 + j-0.4199

6.0 0.65 114 2.706 -5 0.125
7.0 0.66 89 2.326 -27 0.129
8.0 0.69 67 2.017 -47 0.133
9.0 0.72 48 1.758 -66 0.135

IFREQ Fopt GAMMA OPT
IGHZ dB MAG ANG

2.0 0.19 0.71 66 0.09

2.5 0.23 0.65 83 0.07

3.0 0.29 0.59 102 0.06
4.0 0.42 0.51 138 0.03
5.0 0.54 0.45 174 0.03
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

-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

S parameters C, = (522 —A°Sf1) ~3.931-0.897 |
S11=-0.483+0.42] S,|° —[Al°
512 = 0.111-0.043"] B
S21 = 3.042+0.872"] Cu|=4032
522 =-0.182+0.123"] |512 '521|
. =4.891
|S11|=0.64<1 L ‘|822|2—|A|2‘

IC,| <R, , 0eCSOUT
The center of the Smith chart is placed inside the
output stability circle (0eCSOUT) 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, = (311 ‘ZA‘S%) — _1.871-1.265- |
511 =-0.483+0.42"] |311| _|A|
512 = 0.111-0.043] C,|=2.259

521 =3.042+0.872:j Sy, -5y
522=-0.182+0.123;] Rg=——>——-=1325
|S22|=0.22<1 ‘|511| —|A| ‘

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

the input stability circle (og 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






3D representation of |I", |, |

outl

High variations -> we change to z logarithmic
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3D representation of |I";, |, [T

outl

loglolrinll |0910|r0Ut|

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

R o 0 F Hos
o 1 : PR
0.5
05 0




3D representation of |I". |, [T..:|, [TF]=2

I =1-2> log,|l'| = o, the intersection with the
planez=o0is a circle

log(T, (I')) log(T'__(T))

R 15
.
0.5




Contour map/lines
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Contour lines of log_|I"; |

IOg1o|r'n| =0,

|rin| =1

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

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

Imr
(]

! ! I ! -1 1 1 1
-1 0 1 2 3 4 5 -1 -08 -06 -04 -02 0 02 0.4 086 0.8 1

Re I‘L Re rL



outl

Contour lines of log, |

— |OgloerUt| =0,
log, |l =0, s, CSIN o=

log(T,_ (I')

log(T,_ (I')

5 1
4 0.8k
3k 06
20 0.4k
1 0.2
L':f)
g O 0
=
A+ -0.2
2+ -04f
3k 06}
4L 1 -15 08k
-5 | I | I | I | L -1 1 1 1 T
-5 -4 3 -2 -1 0 1 2 3 4 5 1 08 -06 -04 -02 0 02 04 06 08 1



CSIN, CSOUT

log(I", (I",))

R L L L
-1 08 06 -04 02 0 02 0.4 086 0.8
ReFL

CSOUT
CSIN

log(', (I'y)

Im [

F H-05

A -08 -06 -04 -02 0 0.2 04 0.6 08 1
Re Ty




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 stableif |I", |<a and |, |<2 for
any passive impedance of the load/source
Conditional stability: the circuit is
conditionally stableif |, _|<2and |, |<1 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| <2 (CSOUT) or [S22| < 1 (CSIN) —
if in at least one point the two-port is not stable
then it cannot be unconditionally stable
Mathematically :

| C.|-R.|>1 | Cs|—Rs|>1

Sy <1 S,,|<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 ', and
< at any frequency
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Rollet’s condition

K

B P e

2- ‘812 ) S21‘

A= S11 . S22 _812 '521

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—

<1
<1

Sua| = [S5| +[A

2 ‘812 ) S21‘

>1 ‘A‘:‘511'522_512'521‘<1



K 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

_ 1-1S,,[°
Sy —A-S],

The two-port is unconditionally stable if:
> 1
together with the implicit conditions:
|S11| <1
|S22| <1
In addition, it can be said that larger values of pimply
greater stability

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

Y7 >1

+ ‘812 ' S21‘



i’ Criterion

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

1-1S,,|
S11 —A- 552 + ‘312 ) S21‘

!

.

>1

The two-port is unconditionally stable if:
'>1
together with the implicit conditions:
|S11| <1
|S22| <1
In addition, it can be said that larger values of u' 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 UncoSntc:l;c)llc;nally

14
ADS

12— Conditionally

o Stable

0.8

0.6—

Mu

0.4—

0.2—

08|

o

N

S

o —
-----—

freq, GHz



i’ 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 5GHz, but this design is useless if the
amplifier oscillates at ;5o oMHz (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

7=0.037-j-0.3

CSIN
S

;
‘ /
1 7 R, i = 0.037-50Q =1.850)




ADS, Rs =20




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

p max
Gpmin

7 =0.026— j-0.226
1 1

CSIN
——

4 Y = T 0.026- -0.226
’
e / y=0.502+ j-4.367
iIndep(m2)=558
a0 652 7 154 515 / R _50Q _ooen
reESQOOOGHz 2 pmax — 0.502 — I
pedance—=2Z6-*(0.026 - j0.226) :




ADS, Rp =902




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

2.2
AD
2.0
- m1
1.8— freq=2.300GHz
_ Mu=1.002
§ 16— Min
1.4—
4.5
& ADS
1.2— 40—
. m1
10 I l | |'| [ | I I | I I I | I 35_ m2
0 1 2 3 4 5 6 T T0 freq=2.300GHz
freq, GHz = K=1.002
< Min
2.5
2.0—
1.5—
m2
L L e T S B oy 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 |
| m1
Lan freq=2.900GHz
A Mu=1.002
i Min
£ 9
2_
] m2
] freq=2.900GHz
1 T ] 1 K=1.004
0 1 2 Min
freq, GHz v 1
4—
|
g |
s m2
1 | | | | L| | | T ] T | T | T | T l T
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 |MAG=9.999
0
0 T I O S B B
0 1 2 3 S 6 7 8 9

freq, GHz




Contact

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



