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Attendance at minimum 7 sessions (course or
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Lectures- associate professor Radu Damian
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ADS, 3 sessions (-17 20.02.2024)
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Materials
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Microwave Devices and Circuits for Radiocommunications (English)
Course: MDCR (2017-2018)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: EDOS412T

Discipline Type: DOS; Alternative, Specialty

Credits: 4

Enrollment Year: 4, Sem. 7 ¢
el RF-ODPTO

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:

Evaluation
Type: Examen
A: 50%, (Test/Colloquium)

Ve -
B: 25%, (Seminary/Laboratory/Project Activity) ?'INEngllﬂl I ' Romana I
D: 25%, (Homework/Specialty papers)

Grades Main Courses Master Staff Rese

Aggregate Results

Attendance

Course
Laboratory

Lists

Bonus-uri acumulate (final)

=
Studenti care nu pot intra in examen on ' l ne Exa ms

Materials

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

Course Slides

MDCR Lecture 1 (pdf, 5.43 MB, en, 83)
MDCR Lecture 2 (pdf, 3.67 MB, en, )
MDCR Lecture 3 (pdf, 4.76 MB, en, =)
MDCR Lecture 4 (pdf, 5.58 MB, en, 33)
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3% English | B Romana |

M Courses Master Students

Microwave and Optoelectronics Laboratory

We are enlisted in the Telecommunications Department of the Electronics, Telecommunication and Information Technology Faculty (ETTI) from the "Gh. Asachi" Technical University (TUIASI) in Iasi, Romania
We currently cover inside ETTI the fields related to:

Microwave Circuits and Devices
Optoelectronics
Information Technology

Courses

umm_---——m

1 vices Circuits for Radiocommunicati DCMR  DOS412T DOS Exam
2 ve Integrated Circuits CIMM RD.IA.207 DOMS 11 6 Exam
3 Advanced Techniques in the Design of the Radio-communications Systems TAPSR  RD.IA.103 DIMS 9 6 Exam
4 Optical Communications co DOS409T DOS 7 5 Colloquium
5 Optical Communications ocC EDOS409T DOS 7 5 Exam
6 S-a llite Communications cs RC.IA.104 DIMS S 6 Exam
7 Applied Informatics 1 IA1 DOF135 DOF 1 4 Verification
8 Applied Informatics 1 All EDOF135 DOF 1 4 Verification
9 Databases, Web Programming and Interfacing DWPI ITL.IA.601 DIS 5 Verification
10 Web Applications Design PAW RC.IA.108 DIMS 5 Exam
11 Optoel OPTO DID405M DID 4 Colloguium
12 Microwave Devices and C for Radiocommunications (English) MDCR  EDOS412T DOS 4 0P,1L,0S,2C Exam




Materials

RF-OPTO

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

1 exam problem € Pozar
Photos

sent by emai/online exam > Week4-Week6

used at lectures/laboratory



Online — Registration no.

access to online exams reqyires the password

received by email
The password is communicated during the lectures. It is necessary 1 (. FTI”I ’ DI:_DDTO ﬁi
&M

Password

e

5= English | I Romana | R

Man Courses Master Staff Research Students

Login

Use theqREgstration no. and your emfll or the password received by email

Registration no.
\

Email/Password
i

Write the code
below

‘,S“”d,‘




Password

received by email
@tant message from RF@ nbox X

Radu-Florin Damian At k@ Subject °  Correspondents

me, POPESCU ~ < mportant message from RF-OPTO > =p POPESCU GOPO ION
Validation © rom 0Z2/05/2020 —

ettituiasi.ro> W

Me <rdamian@

Laboratorul de Microunde si Optoelectronica Important message from RF-OPTO
Faculta

Univers

de Electronica, Telecomunicatii si Tehnologia Informatiei

tatea Tehnica "Gh. Asachi” Iasi 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
Parole. QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare In atentia: POPESCU GOPO ION

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara Parola pentru a accesa examenele pe server-ul rf-opto este

Parole: RSN

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

Attention: POPESCU GOPO ION

2 - i Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara
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 .
Attention: POPESCU GOPO ION

Save this message in a safe place for later use
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.
4 Reply 4~ Reply all ®» Forward 5 E R

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, 2.6
Simulare Examen (video) (mp4, 6

B, ro, 1)
2 MB, ro, 11)

Microwave Devices and Circuits (Enalis



Examen online

[\

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

\ext timeframe in:

[ D05m43s

Refresh now

Announcement Support material
SN Y0Py )  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)

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 1 155.88 202.12 164.35 180.91 30.29 185.19 O\

Q97 153.5 34.64 35.79 55.56  26.212 10.

50 50 50 50 50 50 50




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

Yecill Leni )



The lossless line

voltage reflection

L . coefficient
l —
o F:Vo _ 4 -4,
V,£ Z, +Z,

Z, real



The lossless line

V(Z)ZVO+ .(e_j-ﬂ-z +F.ej-,3-z) |(Z)= \;_()Jr.<e_j.lg.z _r.ej.ﬂ.z)
0

time-average Power flow along the line

4 2
., Loyt A g

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

a, d, |:bl:|:|:811 312:|.|:a1:|
«— —> b, Sy S| @

S ‘2 _ PowerinZ, load
“I" 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
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The Smith Chart

+1 A Im[
s M=1
"
O=arg +1
1

Re [




Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Analytical solutions

Exam /[ Project




Case 1, Shunt Stub

Shunt Stub
.-:‘ d )hn
= Yy
“7Z \
A ‘ |

Open or
shorted |
stub
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Analytical solution, usage

cos(p+20) =T O, = -1 =tan

Iy =0.593./46.85°
[,|=0593; ¢=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 — 2|1
(46.85°+20)=+126.35° 6=+39.7°  Im y, = 2L

0,, =tan*(Imy, )= —55.8°(+180°) —» 0, =124.2° 1-r |

“." solution
(46 85°+260)=-126.35° O =-86.6°(+180°)— # =93.4°

2tz ‘FS‘ =+1.472 6, =tan*(Imy,)=55.8°

=-1.472




Analytical solution, usage

>
+126.35°  (39.7° ~1.472 —~55.8°+180° =124.2°
(p+26)= 0 = Im[y, (8)]= 0, =
~126.35° ~ |93.4° +1.472 +55.8°
>

We choose one of the two possible solutions

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

imposes the sign used for the shunt stub equation
39.7°

|, = -A4=0.110- 1 | = 93401 0.259. 4

' 360° L 3p0°

l, 2124'2 -1=0.345-1 |, = 20.8 ‘A =0.155-4
360° 360°

NZ—l

-
DN =t
33
o-~"
=
3

=
e
. .
er m RD 2
o TL3 2
. Z=50 Ohm R0 0 G005 pF um=  72500mm  R=60 Oh_ C=0.995 pF
> ‘ 50 E=935
To  E%0 .
F=2 GHz . 2 GHz
7=50.0 Ohin 1 L

Z= 500£h
E=124

E=56 -
Ref F=2 GHz Ref F=2 GHz




Case 2, Series Stub

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

O
A
) Y

)
o

Zy —> Z

O

\ /\LN\
Zi=
/ [ Y' \

A ‘ |
iz \ /
Open or SN Lo
shorted
stub

)




Matching, series line + series
reactance




Analytical solution, usage

F2-|L]

cos(¢p +26) = T] 6, =p-1=cot™ \/_2
1-|T]

I, =0.555£ —29.92°
Ty|=0555 ¢=-29.92° cos(p+260)=0.555= (p+20)=156.28°

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

“+"” solution =, I
(-29.92°+20)=+56.28° 6 =43.1° Imz, = 2
O, = —COt_l(Im Zg ) = —36.8°(+1800) — 0, =143.2° \/1_‘—FS‘
“-"" solution

(-29.92°+26)="56.28° 6§ =-13.2°(+180°) > 0 =166.8°

~N _2.r
Imz, = | =-1.335 6,, =—cot*(Imz, )=36.8°

Vi-Irf

=+1.335




Analytical solution, usage

>
+56.28° 43.1° +1.335 —36.8°+180° =143.2°
<¢+ze>={ e:{ um[zsw)]:{ e{
—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

431 01202 166.8°

>

l, = | =
1 -1 =0.463- 1
360° 1
~143.2° 3366go
I -4 =0.398-1 . ="~ .1=0.102-4
2~ 3600 2 o '
360
) | e B
Lunqg : |j TL5ﬂ 23100 Oh ) t?G 37 nH IIlurrI::2 . |j 'VI'L4‘ 22/1\(::;,% th 37 nH
7=50 Ohm ) e R= 7=50 Ohm gononm R=
__i_ ’:’LG Fr2chz —L _—l— +L3 e ——L
= 7=50.0 Ohm = = Z=50.0 Ohm =
E=143 E=365

F=2 GHz 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=x=180° I: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 90° (A/4) change the stub

impedance:
Linw=1Zytanp-l < Z,  =-]-Z,-cotp-l

in,g

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



Microwave Amplifiers



Amplifier as two-port

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



S2P - Touchstone

Touchstone file format (*.s2p)

I SIEMENS Small Signal Semiconductors

IVDS=3.5V 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 -62.0

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

i L+ + T
T e e

} -1 > -— 1< 7,
_ LW""““' (Zo) I““"" } _

I I EJL]L FJ'_
V) S15° S, T
T, _%_SllJr 12°921° 11
V, S15 S5-I
Lout = —2+ =Sy +
Va 1-5y; T




Power [ Matching

Two ports in which matching influences the
power transfer

Ejn

[S]

F)avL PL
V3 !
e $ .

1L"L]L




Two-Port Power Gains

Available power gain

A R i =t
AT p 2 2
avs ‘1_822'11‘ '(]-_‘Fout‘ )

Transducer power gain

2 2 2
P _[Suf - - ) o1 (r,)
5 5 in IN\* L

I:)avS ‘1_FS°Fin‘ "1—822'11‘

Gy =

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

/ \ Input and output can be
treated independently

S, =0 T, =S,

In

GTu :‘521‘2'




Microwave Amplifiers

Stability




Amplifier as two-port

]_x 1_1 n l_;:l 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
L7 F:FF+JFI rL: 1_Fr Z_FI
(l_rr) +ri2

Zin L, :Fr'l'j'ri
instability
Re{Z, }<0 < 1-T?-T?<0 r’+I17>1 |0,|>1
stability, Z._

conditions to be met by I, to achieve (input)

stability

|Fin| <1 S, + 8112 '8521 '1}1 <1
similarly Z_,, TV

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



Output stability circle (CSOUT)

r _(Szz—A'Sfl) _|_S12°5 I, -C|=R,

S = [A] | ISz 1A

We obtain the equation of a circle in the

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

This circle is the output stability circle ("))




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

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

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

e 15
- M,

0.5

0




Contour map/lines
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CSIN, CSOUT

log(T", ("))
1
0.8r
06F
0.4
0.2 / /
S o 0
-0.2
-0.5
04
_U e L
5=z
8 a 71—1 —OIS -0‘6 -074 -0.2 1] 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



Stability

Unconditional stability: the circuit is
unconditionally stableif I, |<2and |, |<2 for
any passive impedance of the load/source
Conditional stability: the circuitis
conditionally stable if [ _|<1and |, /<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)
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Rollet’s condition

_L-[Sul" Szl +[A]"
2:|S1 - Sy
The two-port is unconditionally stable if:
two conditions are simultaneously satisfied:

A= S11'322 _512 '821

K>1
|A] <1
together with the implicit conditions:
|S11]| <1
1S22| <1
1- 311‘2_‘522‘2+W2

K=

>1 Al=S11-S,5, =51, - S5 <1
2.‘312.521‘ H ‘11 22 7 V12 21‘



Stability

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

ADS e | ADS L
1.4 1.2
1.2— ]
_ 1.0
1.0—
_ 0.8—
¥ 08— § ]
N 0.6—
0.6— }
0.4—] 04
0.2— 02—
0.0 T [ T [ T [ T [ T [ T [ T [ T [ T 0.0 T I T I T I 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



ADS, Rs =2()




Stabilization of two-port

- +¥ Term 1 . — VWV o ! o
Tam | R R T R t4 Term
> | R1 . R3 = R2 o 2| Terms
S =cn ohm R=152.2 Ohm R=4.56 Ohm SnP R=67.8 Ohm | = | Num=2
= o o SnP1 . , o | Z=50 Ohm
T File="D:\users\s2p\f341433a.s2p" T
t% | S-PARAMETERS bl "\
— — ' — StabFact MaxGain
S_Param :
SP1 | StabFact
Start=0.5 GHz K
Stop=10.0 GHz
 Step=0.1 GHz

MaxGain

MAG
K=stab_fact(S)

il

Mu
Mu1

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



Stabilization of two-port

5
Al ]
: m1
e freq=2.900GHz
1 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—
|
oy |
. m2
1 | | | | L| | | | ] | | I | | | | 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 |MAG=9.999
0
S T S s s s B B B A
0 1 2 3 S 6 4 8 2

freq, GHz



Continue



Microwave Amplifiers

Power Gain of Microwave
Amplifiers




Amplifier as two-port

]_x 1_1 n l_;:l 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]

F)avL PL
V3 !
e $ .

1L"L]L




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):

I, =T, | T, = ry
For lossless matching sections 2
g v o N o 1 1-|r
Tmax — ‘821‘ (1 ‘1;8‘ ) (1 ‘FL‘ 2) GT max :—2"821‘2' ‘ L‘ >
\1—1”5 'Fin‘ “1_522'11‘ 1_‘FS‘ ‘1_522'11‘

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_

IM=1
135°

180°

900 —> —>

225°

I, =0.860° M1 T

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

Z, =21.429Q+ j-82.479Q
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‘ <I,, “good enough” match



The Smith Chart, matching, Z =Z_

135°

180°

o Thesource (eg. the transistor)

225°

0.

270°

having Z, needs to see a certain
reflection coefficient I'| towards
the load Z,

The matching circuit must move the

point denoting the reflection

coefficientin the area where foraZ,
o load (I',=0) we see towards it:

1
315 ['=I, perfectmatch @

0.4/ 0.6/ 0.8 1.0

‘F - FL‘ <TI, “good enough” match



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 orderin
which the elements are
introduced into the
matching circuit
As a result, we can use in
match design the same:

methods
formulae



Simultaneous matching

2 Lin =15 2 Lowt = E
.S.. - Sip Sy
Lin =511 + 12 Sa'lt Fout = Spp +— 2o
We find I'¢
S — 11 ]7/1_, L 1_811'rs

*

L '(1_|522|2)+ rs2 '(A‘Szz _811): Ls '(A'Sfl S5, _|822|2 ~A-S;, -551)+
+Sy; - (1_|822|2)+ Sy5-S51-Sy



Simultaneous matching

*

A'(Sll ' 822 — sz '521): |A|2

v*
C T — 4 C

A quadratic equation
) B, +/B2—4.[C,]

r2 w+ o (A2 [y +[S50 1)1 (51, A", )=0

S 2’C1
Similarly
r Bzi\/B§—4-\C2\2

With variables definegl as: 2 o
B, =1+|Sy,|” —[S,|” —|A {BZHSZZ —Is,f - |

C12311_A‘S;2 szszz_A‘Sfl



Simultaneous matching

Simultaneous matching is possible if:
BZ-4.C|">0  BZ-4:[C,[ >0

A (Sfl S —S1z- Sgl): |A|2
" =18, Sy (1—\822\2)- (\811\2 —\A\Z)
B2 —4.Ic," = (1+\511\2)2 + (‘522‘2 +‘A‘2)2 B
— 2'(1+\811\2)' (‘322‘2 +‘A‘2)_4“312 ‘521‘2 _4'(1_‘322‘2)' (‘822‘2 _‘A‘z)

B? _4.‘(:1‘2 = (1+‘Sll‘2)z + (‘822‘2 +‘A‘2)2 =
e[Sy [l (A7 21 [l (A7) 4 f80-Susf

‘Cl‘z = ‘311 —A- 552




Simultaneous matching

37410, = (1 5] + (S50 +[a2F

N S ) { O\ P N

B2 —4-C,|° = 1- 3112)2 +(\322\2 —\A\z)z —2.(1—\311\2 -(\522\ _ A\Z)—4-\slz Sy’

2

B2 —4-|C,]° =(1- 5112—\322\2+\A\2)Z—4-\812-821\2

B2 —4-|Cy|" = (K -2-[S1y - S|} —4+[Syz - Sa|”

B2 —4.C,[" =4:S,, |5, - (K2 1)
Similarly

B —4:[C,|" =4-[Sy," [Sy|° '(K2 _1)




Simultaneous matching

2
:Bli\/Bf—4-\cl\2 FL:Bzi\/Bzz—“'\Cz\
° 2-C; 2-C,

Solutions must ensure stability:
| <1 <1

B, >0

A[=[S11-S2 =S+ Sy <1 { L=

B, >0

2 2 2
L[l [l +[AF B -4IC =4 sl sl (K2 -1)>0
2:[S1, -S4 B2 —4-C,[* = 4:[S,, [ Syl - (K2 =1)> 0



Simultaneous matching

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

solutions
_Bl_\/Blz‘Af"Cl\z
o 2.C,
{Bluslfszfﬁ { —1+\szzw \su\ |
Clzsll_A'Szz 22 AS11

r B \/BZ 4\(:2\




Simultaneous matching

In the case of the simultaneous matching the
amplifier achieves the maximum transducer
power gain for the bilateral transistor

Gr max ::ﬂ'(K - VK? _1)

12

If the device is not unconditionaly 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

_ (Sl

G —
MSG ‘812‘



Maximum Available Gain

Indicator across full frequency range of the
capab|I|ty to obtain a power gain

MAG graphis contlnuGous ‘521‘ G
MSG / Tmax‘ ‘ 12‘ MSG
[dB]
Gpac = G 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 UncoSntc:l;c)llc;nally

1.4
ADS

12— Conditionally

o Stable

0.8

0.6—

Mu

0.4—]

0.2—

0.0++————1—

o

N

NS

o) —
-----

freq, GHz



MAG/MSG

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

@0.5+18GHz
ADS <7 Conditionally |
Stable
20— 1t
| Unconditionally
, Stable
15— I
OO
<0
=
10— '
|
5 |
— |
|
0 | | ] | | l I
0 2 4 6| 8 10 12 14 1B 8
|

freq, GHz



Simultaneous matching, unilateral

transistor

In the case of unilateral amplifier/transistor
(S22 = 0) simultaneous matching implies:

ZH
I|1{_wl{t Transistor qup}lt
matching g matching 7
cireult <_‘ |_> [(;] 4—‘ I_> circuit 0
G, 0 G,
rx | | rin rnut |rf_
L, = Sll Lot = S22
* *
Gr max = 5 Gru Sal"-
T max 2 2 max S 2 1-1s 2
_‘FS‘ ‘1_822 FL‘ _‘ 11‘ _‘ 22‘



Example

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

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

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 atVds=4V ld=4omA.
@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, =0.64111°
S,; =0.64-cos111°+ j-0.64-sin111°

S21 =2.907-0.306]
522 =-0.0754+0.196-]

S
G - @.(K —VK? —1)=19.497 —-12.9dB

T max ‘ 812‘

2 1
= —— .[S,|"
1-|Sy, 1-S,,]

-~ =15.139=11.8dB



Computations

{Bl —1+[S [P —[S,|" —|A {Bz —1+[S,,[F —[Sy,|” — A
C12311_A‘S;2 szszz_A‘Sfl

B, =7 , =7
C, =7 C,="?
:Bl—\/Bf—4-\Cl\2 - :BZ—\/B§—4-\CZ\2
> 2-C, - 2-C,

FS:? FL:’)



Computations

{a—lumz%fAz
Cy :Sll_A‘S;2

B, =1.207
C,=-0.277+ j-0.529

BB -4/
2.C,

Is

I, =-0.403— j-0.768
s|=0.867 <1
I, =0.867£-117.7°

|

B, =1+‘322‘2 _‘511‘2 _‘A‘z
Co =52 _A'Sfl

B, = 0.476
C,=-0.222—j-0.013

i B, —BZ —4-|C,[*

I
- 2'C2

I, =-0.685+ j-0.04
I |=0.686<1

I, =0.686.,176.7°



0
—
o)
=
i e
9,
afd
m
O
-
afd
n
afd
c
-
i e
Uy

gin

i

‘I]n‘

270°




Analytical solution ('¢)

cos(p+20) =T O, = -1 =tan

I, =0.867£-117.7°
,|=0.867, ¢=-117.7° cos(p+20)=-0.867= (p+20)==+150.1°

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

“+" solution = on
(-117.7°+20)=+150.1° 6=133.9°  Imy, =

0, =tan*(Imy,)=-74°(+180°) - 6,, =106°

“." solution
(-117.7°+26)=-150.1° 6 =-16.2°(+180°) - 0 =163.8°

220 = +3.477 0, =tan(Imy,)=74°

Imv. =
Ys = (—_ ‘FS‘




Analytical solution (I'))

4 F20
cos(p +26) =] 0. =f-1=tan" el
" VLI

[ =0.686£176.7°

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'))

_ 2.‘ ‘
0S\p+20)=—1I" =f-1= . L
codp+260)=-] 6, =f-1=tan I

T |=0686; ¢=176.7° cos(p+260)=-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°+20)=+133.3° 6 =-21.7°(+180°) > 6 =158.3°/

6, =tan*(Imy,_)=-62.1°(+180°)—> 6, =117.9° Imy, = _Z'HZ ~-1.885
“-" solution J V1-I1|
(176.7°+20)=-133.3° 6 = —155°(+180°) — @ = 25°
2420 +1.885 O, =tan(Imy )=62.1°

Imy, =
Vl_‘FL‘Z




Complete analytical solution

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

>
+150.1° 133.9° —3.477 —74°+180°=106°
<¢+ze>={ e:{ um[ysw)]:{ 0 {

~150.1° 163.8° +3.477 7 |+74°

>
Similarly for the output matching

>

+1.885 °P

+133.3° 158.3°
—-133.3°

(0+20)- ) -1.885 117.9°
vres 2500

mlys o)) =100

In total there are 4 possible solutions
iInput/output



Term
Term1
‘Num=1
Z=50 Ohm

Ref

I

' s2rP
- TLOG TLIN T TLIN “TL4 +
‘ TI:3 TL1 “:D TL2 , —|:| Z=500hm - |-
é:?gg Ohm  7_5000hm Snp - . Z=5000hm [~ E=117.9
= E=133.9 S I . E=1583 Ref F=5GHz
et Gl s File="D:\i341434b.s2p" __ .o -
B GT=10"0g(mag(S(2.1))**2)
freq S(2,1) GT S(1,1) S(2,2)
5.000 GHz | 4.415/157.353 12.900 0.004 / 86.088 0.004 /37.766
e
/ . e
ADS \
/ \\
ae | !
N \ > j
nw
/
\ //
e
T //

freq (5.000GHz to 5.000GHz)

Term
Term?2

| Num=2-

1 Z=50 Ohm



sP

i TLOC = 'TI | %4
; o T | o
= - e Wy ﬁi - -T2 ] Zs0omm
o | £79000Mm z-s000nm L, Z=5000hm [ E=117.9
Num=1 Ref Pty | ESI%9 Flle="D\f341434b s2p" E-1883 [ Ref  Fe5GHz
g F=5 GHz F=5 GHz
.20 in
0
=S, m1
7 freq=5.000GHz
%% - dB(S(2,1))=12.900
-40— 2 m2
| freq=5.000GHz
dB(S(1,1))=-46.980
_60 | | | | 1 I | I | I | | | | 1 | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz

i

Term
Term?2

| Num=2-

1 Z=50 Ohm



Microwave Amplifiers

Design for Specified Gain




Amplifier as two-port

]_x 1_1 n l_;:l 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 = I = const - 2

135

.
L

45

+jx (inductive)

§ 0.2
o Vo 1411 /)
Vmin 1- ‘F‘ 2180

o

oward Load
)
N
§
AN
7/
X (capacitive)

225 o
135 -0.5 _45

<
«



Constant Q circles

Quality factor Q

= const

G
B

X
Q=7 =




Quality factor - bandwidth

High quality factor is equivalent with narrow

bandwid’gh
ﬁ AN
s |

Q=10 |
-10 I
) b o) ®» ~ ® © — N
M I L M m m m m m
o] o oo 0 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- | R
1-S,, Tg|" 1-S, T}

2 S, =0 L =S

GTu = ‘521‘

Maximum power gain

1ﬂs — S11
FL — S22

GTu max — . . 2 "521‘ ' 5



Unilateral figure of merit

Allows estimation of the error introduced by
the unilateral assumption
1 G _ 1 U — Szl [Sar|-[Sua|-IS22|
@+Uf Gr @-Uy 5w } b5 )
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]- Gy [dB]< -20-log(1-U)



Example

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

@5GHz
Ste|-[Saal-[Sua|-[S2|

511 =0.64/139° U = : - =0.094
S12 =0.119/-21° (1_‘8“‘ )°(1_‘522‘ )
S21=3.165 /16° ~0.783dB < G; [dB]- Gy, [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 I | I I I

freq, GHz



Example

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

P .
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
matehing Transistor matohing
circuit <_‘ |_> [5] 4—‘ I_> circuit Zy
G, 0 G,
rx| | rin rnut |rf_
In the unilateral assumption:
1y’ . 10
Gry = 2 "821‘ ' 2
‘1_511'Fs‘ l ‘1_822'11‘
1- | [ ~ 1-Ir, [
G, = ‘ s‘ : 602‘321‘2 G, = ‘ L‘ :
15, 1| 15, T,

Gs :Gs(rs) G, :GL(FL)




Design for Specified Gain

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

in rnut |rf_
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, (I,)

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]

rl Ir




Input matching circuit

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

G, 1-S;; T

in

Maximum gain in the case of complex

conjugate match
1
1-1S,,[°

FS - Sfl :> GS max ~—

For any other input matching circuit:
1-|T] _ 1
1-1S,,[°




Example

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

@5GHz
Ste|-[Saal-[Sua|-[S2|

511 =0.644139° U = : - =0.094
(1“511‘ )'(1“522‘ )
512 =0.119/-21°
S21 =73.165 £16° ~0.783dB < G, [dB]- Gy [dB] < 0.861dB
$22=0.22 Z146° Gy =[Syl —— =17.83
1-[Sy 1-[S,,
Gru max |dB]=12.511dB
1

=1.694 =2.289 dB

Smax —

1-1S,,[°
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Contour map/lines
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G.(l¢), constant value contours

ImrT

08r

06

0.4

0.2

-0.2F

-0.4+1

-061F

-0.81

G S(FS)

1
-1

| 1 1
0.2 0.4 0.6 0.8

I
1

- 0.8

1k dos

1-|T]

f-s,, T

=G ‘ .
S max SITg=S;;



G.[dB](l¢), constant value contours

Im I‘S

08r

06

0.4

0.2

-0.2F

0.4

-061F

-0.81

G[dB](I'y)

X

) GS max = 2.289dB

1 1 1 1 1 1 1
-0.8 -06 -04 -02 0 0.2 0.4 0.6 0.8

!
1
B

-10




Input section constant gain circles

The normalized gain factor (linear scale!)
Gs _ 1_‘FS‘2
Gs max ‘1— SITRE ‘2
Locus of the points with fixed values g.<1

’(1“511‘2)<1

Js =

gs 1Sy, T = (1_‘FS‘2)'(1_‘511‘2)
(gs “511‘2 +1_‘811‘2)"Fs ‘2 —0s ‘(811 Ts +Sy; 'F;):l_‘sll‘z —0s

x 2
I, .F;_gs '(Sll°rs +Sll'rs) 1_‘811‘2_93 /+ 95 -|Sy

) L_(l_gs)"sll‘z]z

1_(1_93)“511‘2 1_(1_95)“311‘2
a+b°=(a+b)-(a+b) = (a+b)-(a* +b*): a)* +p]* +a"-b+a-b’




Input section constant gain circles

I, — Os - Sut _ M’(l_‘sll‘z) Ts-Cs|=R
1_(1_95)"811‘2 1_(1—95)"811‘2

C, = Js - Su R _ M'(l_‘sn‘z)
1_(1—95)"311‘2 ” —(1—95)-‘811‘2

Equation of a circle in the complex plane where I'¢ is plotted
Interpretation: Any reflection coefficient I' whldz plotted
in the complex plane lies on the circle drawn for Qeircle =
C|rcle/GSmax will lead to a gam G Gcwcle
Any reflection coefficient I'. pIotted outside this circle will lead to
d gain GS < Gcircle
Any reflection coefficient I'¢ plotted inside this circle will lead to a
gain Gs > G

circle



Input section constant gain circles

ot gk
1_(1—95)"511 S 1_(1_95)“811‘2

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

formulas are in linear scale!
The circle for G¢ = o0 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

08r
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) GS max = 2.289dB
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Output section constant gain circles

{:}lltl.‘l"lll 1_‘1_, ‘2
R I
G, 1-S, I
_rnut| |r1’_
. . * - 1
Maximum gainfor I, =S;,= GLmax—l_‘S :
9 22
=gt = 2 s

GLmax i ‘1—322 -FL‘Z
Similar computations

2
C, = gL S R, = Vv1-0, '(1_|522|2)
1_(1_9L)'|522|
1

1_(1_ gL)'|822|2
Example GLmax = m =1.051=0.215dB
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G, (l,), constant value contours

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

GL(FL)
T T T T | T T T T O
0.8} . I1
2
06} . 1-T
?G, [dB]=10-log | .
04] 1. 1-Sp T
0.2r 1 L 4.4
Sy G =G ‘ )
Eﬂ ; L L max L I =S5,
= G| oy = 0-215 dB
0.2f 1 F 46
0.4+ 8 -7
061 . -8
0.8} . -9
10

1 1 1 1 1 1 1 | 1
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1



S ——] /

—

Circles arg 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

() 2WE ©
\
\

/

©
e

conj(S(2,2))
CCccouT

T Tl
\\
\\\H_/

/

\

//
AN

X
N

\. // \g //

Eloamma_opt=Sopt R G0=10"l0g(mag(S(2,1))**2)

B GSmax=10*log(1/(1-mag(S(1,1)*2))  [ERWGLmax=10*log(1/(1-mag(S(2,2))**2))

NFmin




Design for Specified Gain

We compute G, Gg .k 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)

Gyeyn|dB|=G [dB]+ G, [dB|+ G, yeqign0B]

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< (Z)

IR

EH][

O |

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, (t)
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4 v, (t)
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effective noise voltage
Vn(ef) — \/4kTBR
noise power available (for maximum power

transfer with impedance/resistance matching)
P =KkTB



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/Nolr _ze0k 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/N;
S,/N

F

0 |T,#290K



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:

S1/N1
SZ/NZ

To=290K(R=No ) N, =Ny -G+(F-1)-N, -G



Noise Figure F

R
To# 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



Noise figure of a cascaded system

R=5+N; G, P,=S,+N, G; P, =S, +N,
— 5 > e
0 T, 7
P=S+N; G,G, Py =S5+ Nj
'/'_’ Fey —
0 /

N2:N1‘Gl+(F1_l)'No'Gl Geas =G -G,
N3 — NZ 'GZ +(F2 _1)' NO 'GZ N3 — Nl 'Gcas +(Fcas _1)' NO 'Gcas

N3 = [Nl -G +(F1 _1)' No 'Gl]'Gz +(F2 _1)' No -G,
N3 =N,;-G;-G, +(F1_1)‘ Ny -G, -G, +(F2 _1)' No -G,



Noise figure of a cascaded system

F)].:S:|.+N1 (I] P2282+N2 (1: P3283+N3
4 o

% I'.(‘.\ ﬁ-
0

N3 = Nl‘Gl'Gz+(F1_l)'No'Gl'Gz+(F2 _1)'No'Gz

Gcas = Gl 'GZ N3 =N, 'Gcas +(Fcas _1)' NO 'Gcas
(Fl _1)' No 'Gl 'Gz +(F2 _1)' No ’Gz = (Fcas _1)' |\Io 'Gl 'Gz
1

|:cas; = Fl +G_1(F2 _1)



Noise figure of a cascaded system

:\"YI,- G] N 1 GE ‘Ir\..'”
S F, . F, E—
To T, )
(a)
:'\"'I,- C’[C’ N
e Fos pr—-
?_” ?_{'l‘il.
(b) 1
Geas =61 G, Fcas = Fl T (F2 —1)
Gl

Friis Formula ('linear scale)

F_p Rl Rl Rl

- G GG GGGy



Friis Formula (noise)

F-1, B-1, F-l

. G, G .G, G .G, -G,

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 Rl
. GlGG GGG

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)

4.




Noise Figure of a Mismatched

Amplifier

An input mismatched amplifier(I'+0)

N, = Nl-G-(l—\r\2)+(F ~1)-N,-G = Nl-G-(l—r2)+1'i_F12- N, -G-(l—\r\z)
F—

1, ¢

5 =

Foo, =1+

ech ech

N2 = Nl'Gech +(F

ech

1)-N, -G
)N, s

Good noise figure requires good impedance
matching



Contact

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